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Sang loc in silico cic phan tir nhé co khé ning e ché thy the AT
dé nghién ciru phat trien thuoc diéu tri bénh tang huyet ap
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Tém tit:

U ché thu thé AT, cia angiotensin II 12 mgt chién lwgc phé bién trong diéu tri ting huyét ap. Nghién ciru nay
ap dung phwong phap sang loc in silico nhim tim ra cac chit méi cé kha ning trc ché thu thé AT,. Dir li¢u cAu
tric cua cac hop chit duoc thu thap tir nhiéu thw vién héa hoc khac nhau. Mé hinh docking phan tir va moé hinh
3D-pharmacophore dwoc xiy dung dé thwc hién sang loc. Quy tic 5-Lipinski dwoc ap dung dé danh gia tiém niing
gidng thudc ciia cac hop chit. Cac dic tinh dwoc dong hoc ciia cac hop chét tiém ning dwoc phan tich biang cong cu
pkCSM. Tir 21.994.845 hop chit ban diu, ¢6 7.290 hop chit théa man mé hinh 3D-pharmacophore, 7.103 hop chit
thuwe hién docking thanh céng, 626 hop chit co 4i lwe véi thu thé AT, cao hon olmesartan. Trong s6 d6, 10 hop chit
duogc x4c dinh 13 c6 tiém ning nho twong tic tot véi cac acid amin quan trong va diém s6 docking vt trdi so véi
olmesartan. Tét ci cic hop chit nay déu dap ing quy tic 5-Lipinski, dong thoi c6 dic tinh dwoc dgng hoc tot, phu
hop véi yéu ciu ciia cac hop chit gidng thude diung dwong udng.
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Abstract:

Inhibition of the AT, receptor of angiotensin II is a common strategy in hypertension treatment. This study applied
in silico screening methods to identify novel compounds with potential AT, receptor inhibition. The structural data
of compounds were collected from various chemical libraries. Molecular docking models and 3D-pharmacophore
models were developed for screening purposes. Lipinski’s rule of five was employed to evaluate the drug-like potential
of the compounds. The pharmacokinetic properties of potential compounds were analysed using the pkCSM tool.
From an initial set of 21,994,845 compounds, 7,290 compounds satisfied the 3D-pharmacophore model, 7,103
compounds were successfully docked, and 626 compounds demonstrated higher affinity for the AT, receptor than
olmesartan. Among them, 10 compounds were identified as potential candidates due to their strong interactions with
key amino acids and higher docking scores than olmesartan. All of these compounds comply with Lipinski's rule of
five and exhibit favourable pharmacokinetic properties, making them suitable for oral drug formulation.
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1. Ddt van de

Tang huyét 4p 1a mot bénh 1y man tinh, dic trung boi ap
luyc mau Ién thanh dong mach tdng cao [1]. Tinh trang nay
dugc xéac dinh khi huyét ap tdm thu luc nghi tir 130 mmHg
trd 1én hodc huyét ap tim truong luc nghi tir 80 mmHg tré
1én, hodc ca hai gia tri déu vuot ngudng [2]. Huyét ap cao
kéo dai lam ting ganh ning cho tim, dong thoi 1a yéu td
nguy co chinh dan dén cac bién ching tim mach nghiém
trong, bao gém dot quy, suy tim, bénh dong mach vanh va

nhoi mau co tim.

Céc nhom thude duoc sir dung diéu tri ting huyét 4p van
dang dugc nghién ciru phat trién. Muc tiéu ciia nghién ctru
nay 1a kham pha cac phan tir nho c6 kha nang phat trién thanh
thude diéu trj tang huyét 4p. Do nhan thay nhiing uu diém
ctia thudc tre ché thu thé angiotensin II trén AT, (ARB) nhu
dung day du liéu co thé didu tri taing huyét 4p twong tyr nhém
thudc trc ché men chuyén (ACEi) nhung lai it gay ho khan
hon, &re ché renin angiotensin aldosterone triét dé hon ACEi
vi dbi khéng canh tranh véi angiotesin II tai thu thé AT,
[3]. Ngoai ra, thudc trc ché thy thé angiotensin/neprilysin
(ARNISs) 1a sy két hop ciia nhém ARB va neprilysin trong
mot s6 nghién ctru gan déy ciing cho thay két qua an toan va
hi€u qué hon so v&i nhom ACEi [4]. Vi vay, nghién cru nay
nham muc tiéu xac dinh cac hop chét c6 tiém nang e ché

thy thé AT, dé st dung trong diéu tri ting huyét ap.
2. Doi twgng va phuong phap nghién ciiu

Olmesartan trc ché angiotensin II thong qua viéc lién két
voi thu thé AT, diém sé redock -37,6458 kJ/mol va tuong
tac truc tiép voi bon acid amin quan trong: Ser105, Argl67,
Trp84 va Tyr35. Cac acid amin nay dong vai tro then chdt
trong viéc xdy dyng md hinh 3D-pharmacophore va mo
hinh mo ta phan tir docking. Nghién ctru da su dung cac mé
hinh in silico dé sang loc thu vién hop chét, nham tim ra cac
chét c6 ai luc voi thu thé AT, vuot trdi so v6i olmesartan.

Céu trac thu thé AT, va olmesartan ¢ san v6i ID 4ZUD
trén co s dit liéu RCSB Protein Data Bank. Sau khi kiém
tra so bo cdu tric, cong cu QuickPrep trong phan mém
MOE 2019.0102 dugc stir dung dé stra chira céu trac protein
va thyc hién qua trinh proton hoéa 3D. Nhom nghién ctru

da tao mo hinh 3D-pharmacophore bang phan mém MOE
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2019.0102 [5, 6]. Cac hop chit phu hop v6i mé hinh
3D-pharmacophore di dugc tdi thiéu hoa nang luong bang
phin mém Open Babel 2.4.0 d& chuan bi cho qua trinh
docking [7]. Phuong phap docking dugc thuc hién bing
phin mém LeadIT 2.1.8, cho két qua 1a diém sé docking
tuong tng theo timg cau dang [8]. Két qua thu duoc s& duoc
phan tich thong qua cong cu Ligand Interactions trong phan
mém MOE 2019.0102, nhim danh gia muc do gin két cia
céc hop chét véi thy thé AT . Trudc khi tién hanh qué trinh
docking, phdi tir olmesartan di dugc tach ra tir phirc hop
4ZUD va dugc tai docking vao khoang gin két. Két qua
docking dugc danh gia 1a dang tin cdy néu do léch binh
phuong trung binh gbc (RMSD) nhé hon 2 A. Mét sb hop
chat c6 kha nang gan két tot (dugc danh gia qua diém s6
docking) v6i AT, s€ duoc danh gia cac déc tinh gidng thube
(drug-like) thong qua quy tic 5-Lipinski va cac chi sé dugc
dong hoc nhu hép thu, phan bd, chuyén hoéa, thai trir, doc
tinh (ADMET) bang cong cu pkCSM [9].

Qua trinh sang loc 4o st dung cac hop chat duoc thu thap
tir nhiéu thu vién khac nhau, bao gdm: Maybridge (MAY),
Drug Bank (DB), ZINC (ZINC) va cac hop chét co ngudn
gbc tir y hoc ¢6 truyén Trung Qudc [10-14].

Quy trinh sang loc dugc mo ta trong hinh 1.

Cic th vién hop chat
21.994.845 hop chat

2

Mo hinh 3D-Pharmacophore
MOE 2019.0102

¥

Téi thiéu hoa nang lrgng
Open babel 2.4.0

¥

M0 hinh mo6 ta phan tir docking
LeadIT 2.1.8

¥

5-Lipinski, ADMET
pkCSM Sever

Hinh 1. Quy trinh sang loc.



3. Két qua va ban luan

Tir cac thu vién DB, MAY, TCM, ZINC c6 téng cong
21.994.845 hop chét dwoc thu thap va tién hanh sang loc
nham tim kiém cac chat ¢6 kha nang trc ché thu thé AT, ctia
angiotensin II. Cac chat dugc chay cdu dang trudc khi ding
dé sang loc qua mé hinh in silico. Két qua thu thap dir liéu
dugc trinh bay ¢ bang 1.

Bang 1. Két qua thu thap dir liéu.

Thur vién S6 lwrgng hop chit
DB 8.993

TCM 57.424

MAY 151.335

ZINC 21.777.093

Téng cong 21.994.845

DB: Drug Bank, TCM: Traditional Chinese Medicine, MAY: Maybridge,
ZINC: ZINC.

3.1. M6 hinh 3D-pharmacophore

Duya trén cac tuong tac giita thu thé AT va thudc
olmesartan, nghién cuu da xac dinh duogc bon acid amin
dong vai tro quan trong trong vi¢c xay duyng md hinh
3D-pharmacophore. Cac acid amin ndy bao gém: Ser 105,

Arg 167, Trp 84 va Tyr 35 (hinh 2). Pay 1a nhimng vi tri thiét

Hinh 2. M6 hinh 3D-pharmacophore.
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yéu dé thiét 1ap mo hinh 3D-pharmacophore va mé hinh
docking phan tur. Trong do:

- Vi tri N6 lién két H-donor v6i Tyr 35

- Vi tri Ol lién két H-acceptor vi Arg 167

- Vi tri C1 lién két H-pi v6i Trp 84

- Vi tri Vong 5 lién két pi-H véi Ser 105

3.2. M6 hinh mé td phén tir docking

Trong nghién ctru, md hinh protein AT, dugc m& rong
v6i ban kinh 6,5 A nhim dam bao bao phii day di cac ving
tuong tic quan trong gém bdn acid amin chinh. B& mat
tuong tac cua AT, c6 dac diém 16m, véi cac acid amin nay
tap trung tai khu vuc 1om. Do do, dé gén két thanh cong, cac
phdi tr can ¢ ciu trac phu hop véi hinh dang cy thé cua
bé mat nay. M6 hinh chi tiét vé phan tir docking dugc minh

hoa trong hinh 3.

Hinh 3. M6 hinh mé ta phan tir docking.
3.3. Két qud sang loc

Nghién ctru dd sir dung mé hinh 3D-pharmacophore dé
tién hanh sang loc cac hop chat tir nhidu thu vién khéac nhau.
Két qua cho thiy, c6 7.189 hop chit phi hop véi tiéu chi
ctia md hinh 3D-pharmacophore, trong d6 7.103 hop chat
da duoc thyuc hién docking thanh cong. Thong tin chi tiét vé

qua trinh sang loc dugc trinh bay trong bang 2.
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Bang 2. Sé liéu tébng hop qua trinh sang loc

Thu vién Thoé méin md hinh 3D-pharmacophore ﬁ,'gc,,k;"c%,,g
DB 78 i

TCM 2.686 2537
MAY 101 e

ZINC 4.426 4.403

Téng 7.190 7.103

DB: Drug Bank, TCM: Traditional Chinese Medicine, MAY: Maybridge,

ZINC: ZINC.

Hinh 4. Twong tac giira TCM184 va céc acid amin quan trong trong thu thé AT,.

Khi danh gia sy twong tac giita cac hop chit va cac acid
amin quan trong, két qua cho thdy tit ca cac hop chét da
docking thanh cong déu lién két véi it nhat mot acid amin
quan trong. Dic biét, c6 626 hop chat thé hién ai lyc véi thu
thé AT cao hon so véi olmesartan, véi diém s6 docking thap
hon -37,6458 kJ/mol. C6 10 hop chét c6 diém s6 docking
t6t nhat va c6 lién két voi it nhat 2 trong 4 acid amin quan

trong, dugc thé hién & bang 3.
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Hop chat TCM184 dat diém sé docking 4n tuong nhat
(-54,2874 kJ/mol), v6i kha niang lién két manh mé tai nhidu
vi trf acid amin quan trong. Diéu nay cho thiy tiém ning cao
ciia TCM184 trong viéc tre ché thu thé AT . Két qua chi tiét

duoc minh hoa trong hinh 4.
3.4. Danh gid theo quy tic 5-Lipinski

Mot hop chét dugc coi 1a gidng thude va co thé sir dung
qua duong udng cin khong vi pham qua 1 trong 4 tidu

chi ctia quy tic 5-Lipinski: (1) Khdi lwong phan tir khong

Ty(35
/
3 167

Phe182

Tyr87

vuot qua 500 Da; (2) Tinh than diu cao (LogP khong vuot
quéa 5); (3) Khong c6 qua 5 nhom cho lién két hydro; (4)
Khong ¢6 qua 10 nhém nhan lién két hydro [15]. Ca 10
chat déu thoa mian diéu kién cua quy tic 5-Lipinski, trong
dé co ZINC21125103, ZINC12560331, ZINCO01187319
théa man ca 4 diéu kién, con lai cac chat ZINC59498759,
ZINC59498761, ZINC59498771, ZINC59498781, ZINC59498790,
TCM184, ZINC58997256 thoa mén 3 trén 4 diéu kién (bang 4).
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Bang 3. Mot sé hop chat tiém nang da docking thanh céng.

STT  Tén hop chit/Ciu tric Diém sb docking (kJ/mol)  Acid amin twong tac
TCM184
HO OH o
o F
1 =N ‘@W/'G o -54.2874 Tyr35, Tyr87, Argl67, Phel82, Tyr184
N PN O=F~@y )
HoN N= ) -O
ZINC59498761
R o Tyr35, Tyr87, Thr88, Argl67, Cys180, Phel82
2 - N'o g N oH -53.1585 ’ ’ ’ ’ ’ ’
R HIN N= Tyr184, Lys199
S ﬁwm o, yrigd, Ly
ZINC59498781
N
3 @ o ® -52.3130 Tyr35, Tyr87, Argl67, Phel82, Tyr184, Lys199
bl 3 .
» N R N T
H
ZINC59498759
.9
O-N
4 o . HN -49.6501 Tyr35, Tyr87, Argl67, Cys180, Phel82, Tyr184
o~ X, N
N- _N
L G S ¢
ZINC59498790

Tyr35, Tyr87, Argl67, Cys180, Phel82, Tyr184,

5 o No g N ) 48.9353
N+ HN TNF o Lys199
e @—\% ﬂ\ _\M/\g /\©[0> ys

ZINCO01187319
_~__N
6 H -48.5896 Tyr3s, Tyr87, Argl67
>
Ke)
ZINC59498771
o }
NTO Tyr35, Tyr87, Argl67, Cys180, Phe182, Tyr184,
o -

7 on 48.3779 o
8 -48.0929 Tyr35, Argl67
9 -45.1562 Tyr35, Tyr87, Argl67
10 45.0217 Tyr35, Tyr87, Argl67, Tyr 184
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Bang 4. Két qua danh gia theo nguyén tac 5-Lipinski va danh gia ADMET.

reviss ZINC ZINC ZINC ZINC ZINC ZINC ZINC ZINC ZINC
21125103 12560331 59498759 59498761 59498771 59498781 59498790 01187319 58997256

5-Lipinski
Khéi lwong phan tir 487,151 466406 4805 487,41 487,41 471411 485438 499421 401358 458416
Tinh than dAu cao 40886 37814 43951 17.108 17.108 2,0052 2,3082 2,0283 2,5253 2,5035
Nhém cho lién két hydrogen
) 3 2 0 4 4 3 2 2 1 4
Nhom nhén lién két hydrogen
e 17 8 6 12 12 11 11 12 7 11
Hip thu
Tan trong nude (log mol/l) 2,706 457 3,477 3277 3,537 3,841 4,127 4,019 2,908 2,95
Tinh tham mang CaCO, (log Py, 669 0,049 0,883 -0,051 0,127 0,205 0,294 0234 0,112 -0.793
trong 10 cm/s)
Hép thu ¢ rudt (nguoi) (%) 36,602 93,172 83,7 62,785 62,562 68,808 70,582 76,696 75,199 64,504
Phén bé
UAE LSRG VDS (et 1313 41,828 3277 0,451 0,659 -0,764 -0,801 -0,791 0,516
(logL/kg)
ekl in sty 0,665 0 0 0 0 0 0 0 0,101 0315
(nguoti)
Tinh thim BBB 247 0,901 0,729 1,725 1,603 1,43 -1,064 1222 0,919 2,17
Chuyén héa
Co chit CYP2D6 = . = = . . - = = =
Uc ché CYP2D6 . . . = 5 . = . . .
Co chit CYP3A4 . v J J J v J v - J
Uc ché CYP3A4 . v . v J v v v . .
Thii triv
hamninliE Rz o, 0,07 0,461 0,166 0,022 20,017 0,13 20,027 0,182 0,308
min/kg)
Co chit OCT?2 than . 5 . . = 5 . = . .
Dac tinh
AMES ; v ; v v v v v v v
Gan ; v ; v v v v v v v
Da - - - - - - - - - -
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3.5. Danh gia ADMET

Vé kha niang hap thu, mot hop chit duoc xem 1a c6 tinh
thim tot néu gia tri thAm qua mang CaCO, 16n hon 0,9. Két
qua tir bang 4 chi ra rang, tat ca 10 hop chat déu c6 gia tri
thim nho hon 0,9, cho thiy kha ning thim qua mang thép.
Tuy nhién, hau hét cic hop chat nay lai c6 kha ning hip
thu & rudt ngudoi (HIB) kha tdt, véi HIB déu 16n hon 30%.
Chat c6 ty 18 hip thu cao nhat qua rudt 1a ZIN21125103 véi
93,172%, chat c6 kha nang hap thu qua rudt thap nhét 1a
TCM184 vdi 36,602%. Mot phan tir co gia tri log BB >0,3
duoc xem 1a dé dang vuot qua hang rio mau nio, nguoc lai,
phan tir ¢6 log BB <-1 dugc xem 1a phan b6 dén nio kém.
Qua bang khao sat ta thay, hau hét 10 chit hau nhu khong
hodc rat it qua dugc hang rao méau nio (log BB tir -2,247
dén -0,729).

Vé chuyén hoa, hau hét cac chat duoc chuyén hoa qua
CYP3A4 ngoai trir hop chat TCM184 va ZINC01187319.
Két qua dy doan cho théy, tit ca 10 hop chéat déu khong phai

la chat nén cua van chuyén cation hitu co ¢ than.

Vé doc tinh, ca 10 chat déu khong gay kich tng da. Thir
nghiém AMES 1a mét phuong phap dung dé phan tich kha
ning gay ra dot bién trong ADN. Hau hét cic chit déu gay
ddc tinh tur thir nghiém AMES va dgc tinh trén gan ngoai tru
2 hop chét TCM184 va ZINC12560331.

4. Két luan

Véi muc tiéu d& ra, nhém nghién ctru da sang loc va
tim kiém ra nhitng hop chit tiém ning c6 kha ning trc ché
thy thé AT, cua angiotensin II. Nghién ctru thu thap tong
cong c6 21.994.845 tir nhiéu thu vién hop chit: DB, TCM,
ZINC, MAY. Dya trén cic twong tac giita thuc olmesartan
va thy thé AT, nhém nghién ctru da xac dinh duoc cac acid
amin quan trong gdm: Tyr35, Trp84, Serl05 va Argl67.
Céc acid amin nay di dugc sir dung dé xdy dung mo hinh
3D-pharmacophore va md hinh docking phan tir cho cac
hop chét c6 kha ning gin két voi thu thé AT,. Qué trinh
sang loc di thu duoc 7.190 hop chét thoa man mo hinh
3D-pharmacophore, trong d6 c6 7.103 hop chat docking
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thanh cong. Sau khi phan tich sy twong tac gilta cac hop
chat nay va cic acid amin quan trong trong thu thé AT,
nhém nghién ctru da chon ra 10 hop chit tiém ning. Tat ca
cac hop chat nay déu dép ng quy tic 5-Lipinski, dong thoi
¢6 dac tinh dugc dong hoc tdt, phu hop véi yéu cau cla cac
hop chét giéng thudc dung duong udng. Pic biét, hai hop
chat TCM184 va ZINC12560331 dugc du doan khong giy
ddc tinh tr thr nghiém AMES, ddc tinh trén gan va khong
gdy kich ing da. Dé dat duoc nhitng budc tién 16n hon trong
viéc kham pha thude tre ché thy thé AT, can tién hanh mo
phong dong luc hoc phan tir, tinh toan nang luong tu do lién
két cho tat ca cac chit tiém ning da sang loc duogc trong
nghién cru nay va thyc hién cac nghién ctru thyc nghiém in
vitro, in vivo. Tlr d6, cac chat tiém nang s& duoc chimg minh
hoat tinh mot cach chinh xac hon, nham tién t6i nghién cuu,

phat trién thude méi trong didu tri bénh ting huyét ap.
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