s Khoa hoc Y - Duoc DOI: 10.31276/VIST.63(9).14-21

Sang loc cac hop chit twong tw nucleotide va nucleoside
itc ché enzym RNA-dependent RNA polymerase cuia SARS-CoV-2
bing phwrong phap docking phén tir nham diéu tri bénh COVID-19
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Tém tit:

Pai dich COVID-19 do virus SARS-CoV-2 giy ra hi¢n dang l1a mdi quan tim lén cia toan nhén loai. Enzym RNA-
dependent RNA polymerase (RdRp) cia SARS-CoV-2 tham gla diéu hoa qua trinh nhén Ién caa virus dwge danh
gia 1a mot muc tiéu diéu tri tiém nang dé kim ham sy lay nhiém ciia SARS-CoV-2. Trong nghién ctru nay, cac tac
gia tién hanh sang loc cac hop chét twong tw nucleotide ¢6 kha ning e ché enzym SARS-CoV-2 RdRp bang cach sir
dung phuong phap docklng phén tir. Quy tic 5 tiéu chi ciia Lipinski dwgc sir dung dé danh gia dac tinh glong thude
cda cac hgp chit tiém nang. Cac thong so dwge dong hoc cua cac hop chit tiém nang dugc danh gia bang cong cu
pkCSM. Dua trén cac cong b6 truée day, bai bao da thu thap dwec 100 hop chét tuwong tu nucleotide va nucleoside.
Két qua cho thiy, ¢6 18 hop chit c6 tic dung trc ché enzym SARS-CoV-2 RdRp manh hon cé chit chirng dwong
remdesivir. Phan tich quy tic Lipinski cho thiy, 17/18 hgp chit d6 c6 dic tinh giéng thudc. Céac hop chit: novuridin,
didanosine, sofosbuvir, puromycin, defibrotite, gemcitabine va nikkomycins 1a cac chit c6 ning lwong 4m nhit va
dic tinh dwge dong hoc dé hf’ip thu, khong bi chuyén hoéa & gan, thai trir qua than va cé thé ¢6 doc tinh véi gan.
Chinh vi vy, cin tién hanh cic nghién ctru in vitro va in vivo dé c6 thé phat trién cac hop chit nay thanh thudc diéu
tri COVID-19.

Tir khéa: in silico, molecular docking, remdesivir, RNA-dependent RNA polymerase (RdRp), SARS-CoV-2.
Chi s6 phén logi: 3.4

Dat van de cho céc chat tic ché gitp diéu tri virus SARS-CoV-2 [4-7].

K¢ tir khi hoi chiing h6 hap cép tinh COVID-19 lan dau
tién dugc phat hién tai thanh phé Vii Han, tinh HO Bic,
Trung Quéc, gidi khoa hoc ciing nhu toan nhén loai da phai
d6i mat véi mot thach thire chua timg c6 dé tim ra phuong

Docking phén tir 1a mot ky thuat mé hinh héa dé du doan
vi tri va cAu hinh thun loi ma phan tir co chét (phéi tr) co
thé lién két véi phan tir protein (dich tac dung). Phuong
phéap nay tiét kiém thoi gian va chi phi trong viéc sang loc

phap diéu tri can bénh nay. Vi téc d6 lay lan nhanh chong
ctia n6, tinh dén ngay 01/6/2021, di c6 171 trigu trudng hop
lay nhiém va 3,57 triéu truong hop tir vong duge bao céo
[1]. Tai Viét Nam, da ghi nhan 7.625 truong hop mic va 48
truong hop tir vong. Céc triéu chung lam sang thuong dugc
nhan thay sau 5 hodc 6 ngay sau khi nhim bénh nhung thoi
gian 0 bénh co thé 1én dén 14 ngay [2]. Sbt, ho, khé th, mét
moi 1a nhiing triéu chimg pho bién nhat.

Virus SARS-CoV-2 ¢6 bd gen RNA soi don véi kich
thude 29,9 kb. N6 bao gom 14 khung doc md (ORF), ma
hoa cho téng s6 27 protein dugc chia thanh protein cau triic
va khong ciu tric [3]. RNA-dependent RNA polymerase
(RdRp) 1a mét enzym quan trong ddi véi vong doi RNA cia
virus, tham gia vao qu4 trinh phién ma va dich ma ctia by gen
virus SARS-CoV-2. Do d6, RdRp dugc coi la muc tiéu chinh
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cac hop chat so voi phuong phap thyc nghiém [8].

Remdesivir 1a mot loai thude khéang virus da dugc Cuc
Quan 1y thuc phdm va duge phim My (FDA) chip thuén
dé diéu tri COVID-19 cho nhiing bénh nhén phai nhap vién
[9]. La mot chét tuong ty nucleotide, remdesivir ¢6 tic dung
{rc ché enzym SARS-CoV-2 RdRp [10]. Cac hop chat tuong
tu nucleotide 13 cac este phosphat ctia nucleoside, 1a tiéu
don vi cua axit deoxyrlbonuclelc (DNA) va axit ribonucleic
(RNA). Chung bao gdm mét gbc duong duoc lién két véi
mot goc purin hodc pyrlmldln thong qua lién két B-N-
glycosidic [11]. Trén thyc té, cling dd c6 nhimng hop chat
twong tu nucleotide nhu cidofovir, abacavir, stavudine va
entecavir dugc nghién ctru trd thanh thude va duoc FDA
phé duyét dé diéu tri cac bénh nhidm virus khac nhau [12-
15]. Do d6, dua trén gia thuyét rang, nhiing chét c6 cau tric
trong dong duoc ky vong 1a co hoat tinh sinh hoc gidng
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Abstract:

The COVID-19 pandemic triggering acute respiratory
syndrome is a major global health concern. The SARS-
CoV-2 RNA-dependent RNA polymerase (RdRp)
enzyme regulating viral replication has been evaluated
as a potential therapeutic target for inhibition of the
infection of SARS-CoV-2. In this study, we evaluated
the ability of RNA-dependent RNA polymerase drug
inhibitors by using molecular docking in silico model.
Lipinski’s rule of Five was used to evaluate drug - like
properties of potential compound. Pharmacokinetic
parameters of potential compounds were assessed using
the pkCSM tool. Based on previous publications, we have
collected 100 compounds. The results exhibited that 18
compounds have RdRp inhibitory activity stronger than
the remdesivir as reference compounds. The Lipinski’s
rule of Five showed that 17 among 18 compounds had
proprietary drug-likenesss. Compounds including
novuridine, didanosine, sofosbuvir, puromycin,
defibrotite, gemcitabine, and nikkomycins are the most
negative energies and have pharmacokinetic good
absorption, not metabolised in the liver, excreted by
the kidney and may have hepatotoxicity properties.
Therefore, it is necessary to conduct the in vitro and in
vivo assays to develop these compounds into drugs for
COVID-19 treatment.

Keywords: in silico, molecular docking, remdesivir, RNA-
dependent RNA polymerase (RdRp), SARS-CoV-2.
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nhau, chtng t6i tién hanh sang loc cac hop chat tiém ning
c6 cau tric twong tu nucleotide va nucleoside cé kha nang
uc ché enzym RdRp dé diéu tri bénh COVID-19.

Nguyén liéu va phuong phap nghién ciu
Mo hinh docking

Chudn bi cdu triic protein: cau trac enzym 3D cia
SARS-CoV-2 RdRp (PDB ID: 7BV2) duoc truy xuit
tr Ngan hang dir li¢u protein RCSB (www.rcsb.org).
Trong phtrc hgp 7BV2 di chtra sin ligand dong két tinh
la  [(2~{R},3~{S},4~{R},5~{R})-5-(4-azanylpyrrolo[2,1-f]
[1,2,4]triazin-7-yl)-5-cyano-3,4-bis (oxidanyl)oxolan-2-yl]
methyl dihydrogen phosphate. Vung hoat dong (binding
site) cuia protein duoc xac dinh bang phin mém MOE va
Discovery Studio Visualizer 4.0. Bé chuén bi cho qua trinh
docking, tat ca cac phan tir nudc va dong tinh thé di dugc
loai bo khoi phan tir protein bang phin mém Discovery
Studio Visualizer 4.0. Cac phan ti& hydrogen s€¢ duoc thém
vao bang phan mém Autodock Vina trude khi tai lap ving
hoat dong ciia protein sir dung phan mém MGL Autodock
tools 1.5.6. Vung hoat dong cua enzym SARS-CoV-2 RdRp
duoc xac dinh trong mot hop ludi co kich thudc 104x80x118
A, trung tim (x,y,z) 1a (87,682, 89,834, 107,939). Sau do6
lwu protein dudi dinh dang pdbqt dé chuan bi cho qua trinh
docking.

Chudn bj cdu triic phoi tir: dya trén cac cong bd trude day,
chung t6i thu thap dugce 100 hop chat tuong ti nucleotide.
Céu tric 3D cua nhitng hop chat nay duoc 13y tir co so dir
ligu PubChem ¢ dinh dang sdf, sau d6 chuyén thanh dinh
dang pdb bang phan mém Chimera [16, 17]. Tiép theo, cac
phdi tir dugce t6i vu hoa bang phian mém Avogadro sir dung
phuong phap Gradient lién hop (Conjugate Gradients) roi
chuyén thanh dinh dang pdbqt bang phin mém Autodock
Tool [18, 19].

Thuee hién docking phdn tir: cac phdi tir dwoc dock vao
trung tAm hoat dong cua protein bang phin mém Autodock
vina. Str dung phan mém Discovery Studio Visualizer 2020
gilp quan sat cac lién két gilta protein va cac hop chat sang
loc duoc.

Pdnh gid két qua docking: dé danh gia két qua qué trinh
docking, phdi tir tir dong tinh thé da duogc re-dock lai vao
vi tri hoat dong cua muc ti€u. Qua trinh dugc thyc hién
thanh cong néu gi tri d6 léch binh phuong trung binh gbc
(RMSD) nhé hon hodc bang 1,5 A.

Danh gia quy tic 5 tiéu chi ciia Lipinski

Quy tic 5 tiéu chi cia Lipinski dugc st dung dé danh
gi4 dic tinh gidng thudc cua cac hop chit [20]. Chung
toi su dung cong cu online (http://www.sctbio-iitd.res.in/
software/drugdesign/lipinski.jsp) dé danh gia quy tic 5 tiéu
chi cua Lipinski [21].
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Hinh 1. Ving hoat djng ciia RdRp dugc xac dinh bflng ph?m mém MOE (trai) va Discovery Studio Visualizer 2020 (phai).

Dy dodn cdc thong s6 dwgc dong hoc

Két qua dy doan cac thong s6 vé duge dong hoc bao
gém hap thu, phan b6, chuyén hoa, thai trir va doc tinh
(ADMET) cua cac hop chat tiém ning duoc danh gia qua
cong cu pkCSM (http://biosig.unimelb.edu.au/pkcsm/
prediction) [22].

Két qua
Viing hoat dong ciia protein

Vung hoat dong (vi tri lién két) cua protein RdRp duoc
xac dinh bang cong cu SiteFinder ctia phan mém MOE
va Discovery Studio Visualizer 2020 (hinh 1). Pdng thoi,
cac acid amin quan trong ¢ vung hoat dong nay ciing dugc
xac dinh, bao gf“)m: ASN496, LYS593, THR591, GLY 590,
LEU758, CYS813, ASP760, ASP761, ASP618, TYR619,
PRO620, LYS621, CYS622, ASP623.

Dadnh gia mé hinh docking

Trude khi sang loc cac hop chat, phéi tir ddng két tinh
dugc tach ra khoi phirc hop 7BV2 1di duge re-dock lai vao vi
tri hoat dong cia muc ti€u dé xac dinh do léch binh phuong
trung binh géc (RMSD), tir d6 danh gia tinh phu hop cua
cac thong s6 docking. Két qua sau khi docking lai phdi tir
dong tinh thé thu dwoc gia tri RMSD 14 1,005 A (hinh 2).
Gia tri nay théa man diéu kién RMSD nho hon 1,5 A, chiig
t6 két qua docking phan tir vao muc tiéu la déng tin cay.

Su tuong tac gitra phdi tir ddng két tinh va RdRp dugc
thé hién nhu trong hinh 3. Tir hinh ta c6 thé thiy dugc phéi
tir dong két tinh hinh thanh lién két v&i nhiéu acid amin nhu:
lién két conventional hydro voi ASN496, ASN497; lién két
hydro carbon véi LYS500 va lién két vai mot s6 nucleobase
nhu A13, Al4, AlS.
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Hinh 2. Két qua re-dock ciia phoi tir dong két tinh.
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Hinh 3. Twong tac 2D ciia ligand dong két tinh véi SARS-
CoV-2 RdRp.
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Sang lpc cac hop chit irc ché RARp

Sau khi chuan bi cac phdi tir, tién hanh docking toan b

— ij;;lg(é!f'-mg I ij;;‘;-‘; é';"-’"g 100 hop chat thu thap dugc vao enzym RdRp dé tim kiém
(keal/mol) (keal/mol) cac hop chat c¢6 kha nang ic ché RdRp. Két qua thu dugc &
I Zidovudin 7,1 50 6-Azauridin 6.6 bang 1.
2 Tenofovir alafenamit  -7,6 53 Mizoribin -6,9 , . A L . Lo 0 aX X, .- L.
3 Zalcitabin 1,5 54 Acyclovir fleximer 1 -6,1 So sanh ?ang lu'O’Ilf?" 'hen ket cua p hoi tu dczngglfet tinh VOI
4 Adefovirdipivoxil 73 55 Acyclovir fleximer 2 64 100 hop chat, chung t6i thu dugc 18 hop chat toi wu so voi
5 Defibrotite 85 56 Acyclovir fleximer 3 52 phoi tir dong két tinh remdesivir (-7,7 kcal/mol).
6 Emtricitabin -6,1 57 CNDAC -6,8 £ . ., ¢ L s . .
7 Azacitidin 8,1 58 Fluorocyclopentenylcytosin  -6,9 Ket qua dénh gid quy tac 5 tiéu chi cita Llp inski
8 Famciclovir -5 59 TanC -6,2 Céc hop chat dugc goi 1a “giong thuoc” khi ching déap
9 Sofosbuvir i UM 0 s et . g it nhat 2 trong 5 tiéu chi theo quy tic 5 tiéu chi ciia
S R R B e s Lipinski: (1) Khéi lugng phan tir <500 Da; (2) C6 tinh ua
11 Nelarabin 12 62  ARC -4,0 dx LogP nhé hon 5): (3) Kho . h.; hon 5 nhé
12 Penciclovir -5,7 63 Valopicitabin 1.5 au CaP ( ?g nho hon )’ ( ) R ong co 1‘.1,\ 1eu hon > n (,)m
3 Stavudin 63 64 Mericitabin a7 cho lln?n két hydrogen; (4) Khong c6 nhiéu hop 10 nhom
14 Decitabin 66 65  Elvucitabin 62 nhén lién ket hydrogen; (5) D6 khuc xa mol phai nam trong
15 Telbivudin -6,6 66 Apricitabin 6,1 khoang 40-130. Két qua dap tng quy tac 5 tiéu chi theo
16 Abacavir 71 67  Cyclopropavir 7,1 Lipinski cua cac hop chat trén dugc trinh bay ¢ bang 2.
17 Fluorouracil -5,9 68 Festinavir 1.5 ) |
18 Acyclovir 6,5 69 4-thio2 deoxycytidin 6,1 Bing 2. Ket qua danh gia quy tac 5 tiéu chi cia Lipinski.
19 Entecavir 21,2 70 Saza-4'-thio2’deoxycytidin ~ -6,0 - - N
20 Trifluridin al 71 Zebularin 70 Trong - Nhém cho — Nhom nhin oo Hop
- : STT Hop chit lwong  lién két lién ket looP Do khicxa chat
21 Ganciclovir -18 72 5-fluorouracil 5,7 op phin  hydrogen  hydrogen 14 mol (MR)  gibng
22 Tegafur 5.9 73 6-thioguanin 5,5 tir (HBD) (HBA) thude
23 Ribaviri -6,5 74 6-Mercaptopuri -49
DAV ’ = : | Defibrotite 444 4 9 3370198 115334564 Co
24 Neplanocin -5,6 75 6-Azacytidin -6,8
25 Acid Tnosinic 4 76 3.Deazauridin 6,6 2 Azacitidin 244 5 9 -2,796001 55,109795  Co
26 Tenofovir -6,0 77 Fludarabin phosphat -6.9 3 Sofosbuvir 529 3 12 1999300  123,152649  C6
U Ny 68 [ ooy fory il 68 4 Gemcibine 269 4 7 0993700 54697998  C6
28 Triazavirin -6,0 79 2-Chloro-2’-deoxyadenosin ~ -7,0
7 Deory-2- 5 Ganciclovir 255 5 8 -2,100000 60,020195  C6
29 Galidesivir 73 80 M -6,5
methylenecytidin 6  CyclicGMP 345 5 11 -1,653200 71,542686  Co
30 Ropidoxuridin 53 81 5-Ethyldeoxyuridin -6,6 i : .
3 Acadesin 69 ) Brivudin 59 7 Didanosine 236 2 6 -0,043800 58,074993  Co
9 Sazaguanin 61 . fiéffhrli(;riiethym : 60 8§  Mericitabin 399 2 9 113000  96,686371 €6
PR 9 Novuidin 253 1 9 0070980 55173691  C6
3 GS-441524 76 T T
’ deoxyuridin i 10 Neosidomycin 348 4 7 -0,148599 87,392975 (o
34 Troxacitabin 52 83 HPMPA 50 Il Psicofuranin 297 6 9 2833500 68767586 Co
35 Cyclic GMP -8,2 86  Novuridin -88
36 CyCliCAMP -7,6 87 Alovudin -6,5 12 Puromycm 471 5 11 -0,793701 123,256668 Co
37 Cytarabin (Ara-C) -6,4 88 Neosidomycin -19 13 BlasticidinS 422 9 13 -1,923828  107,118393  Co
S i E e = 14 Bamicein 604 8 15 -1378799 152718018 Khong
39  Fludarabine -6,6 90 Tubercidin 213 - .
T 87 91 Coformycin 2 15 Nucleocidin 364 6 1l -1,374200 74813385 Co
41 Vidarabine (Ara-A)  -6,9 92 Puromycin 8,7 16 Nikkomycins 495 9 15 -3,134398  112,759758  Co
42 Valaciclovir b4 93 Blasticidin § 80 17 Cladrbin 2855 4 7 0297400 66364990  Co
4. Brivdin l %4 Bamicetin = 1§ EDD28OL 39 4 10 1142801 75353088
44 Valganciclovir 6.9 95 Nucleocidin 17 ’ = ’ 0
B i 60 i bildonty i) Két qua tir bang 2 cho thay, hau hét cac hop chat déu thoa
46 Cidofovir 36 97 Cladribin il man 16n hon hodc bang 2/5 tiéu chi trong quy tac 5 tiéu chi
4T Lobueari 05 % Clofwbin ol clia Lipinski, ngoai trir bamicetin. Mic dii bamicetin cho
48 Adefovir 5,9 99 Floxuridin -6,7 4 p o Hg : . L .
49 Tdoxuridin 63 100 EIDD-2801 79 két qua muc nang 1uqng am nhat (-9,8 'kc?al/mol) nhung lai
50 Tmmucling 67 101 Chimg dwong Remdesivir 7,7 khong thoa man quy téc 5 tiéu chi cia Lipinski nén kha nang
o paNe 0 phat trién thanh thudc bi han ché. Trong s6 17/18 hop chat
B théa man, chung t6i chon ra 7 chat c6 nang lugng lién két am
TAP CHI
HOA HOC 1
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Bing 3. Twong tic giita cdc phdi tir v6i cic acid amin va nucleobase nhit gdm: novuridin, didanosine, sofosbuvir, puromycin,
cta 7hop chat c6 niing lwgng am nhat. defibrotite, gemcitabine va nikkomycins dé tien hanh phan

Ning lwgng  Cc acid amin  Biéu dién twong téc 2D ciia tich va danh gia dac tinh dugc dong hoc (hap thu, phan bo,
STT Tén lién két va nucleobase  cAc hop chét véi acid amin va chuyén héa. thai tri va doc tinh) cla nh&ng Chélt néy,
(keal/mol)  Tién két nucleobase ? :
Tuong tac gitra 7 hop chat c6 nang lugng lién két am
- A P X ye . . . \ . 2
AI3, A9, .., _©°% nhat Vo1 cac agld amin va nucl.eotlt ’du'qc’ 'tO{‘lg hqp trogg
GLY590, D Y bang 3. K&t qua cho thay, cac lién két phoi tir - acid amin
b Moo 58 Eg{l}?g adl DA > va phoi tir - nucleobase déu c6 su tuong dong so véi phoi
’ & orte) A X X 2
ASPS65 & tu dong tinh the.

Ddnh gid cdc thong sé dwoc dpng hoc va dic tinh

Dé danh gia hidu qua cta cac hop chit trén, chung t6i tiép

Al3,A14,A19,
floey "® & tycdénh gia thong s6 duge dong hoc va doc tinh (ADMET)
2 Didanosine 87 LYS593, ‘ “  thong qua viéc sir dung pkCSM. Bang 4 1a két qua du doan
oy ’ ADMET ctia 7/17 chét ¢6 nang luong lién két am nhat va
—E thoa min quy tic Lipinski 5.
o -~ Vé hdp thu, kha niang hip thu ciia mot chat dugc danh
A3 AI4Al5, ©-._ 0 :,,f = - gi4 dua vao cac thong sb: do tan trong nude, tinh thdm qua
3 Sofosbuvir  -8,7 Sg 3}3 " mang Caco2 va kha ning hép thu & rudt (nguoi). Mot cht
U18, ASN496 dugc cho la c6 kha ndng tham t6t khi tinh tham qua mang
= Caco2 (log P, trong 10 cm/s) ¢6 gid tri 16n hon 0,9. Két
qua tr bang 4 cho thay, ca 7 chat déu c6 gia tri nho hon 0,9,
Al1,A13,A14, @@ «w=  Kkhd ning thim qua mang thép. Tuy nhién, kha nang hép
| i S s " thu & rudt ngudi (HIB) cta hiu hét cc hop chét nay déu
4 huomycn 87 GIOALAS, = * & “ “  kha 6t do HIB cua chung déu lon hon 30%, trir hop chat
o i nikkomycins khong hdp thu & rudt. Dic biét, 2 hop chét
=3 defibrotite va novuridin cho thdy % hap thu tét, véi gia tri
) @ HIB 16n hon 70%.
O & 3 ~ , Ve pfzdn bér,’gié tri logBB 16m hon 0,3 dm:)’c cholaco @é
5 Defibrotite -85 A19, G16, B - .  nang hap thu tot qua hang rao mau ndo. Két qua cho thay,
AEINED 50 logBB cua tat ca cac hop chat déu nho hon 0,3, khong qua
A hang rao mau nao.
Vé chuyén héa, hé cytochrome P450 1a hé enzym quan
trong trong qua trinh chuyén hoéa thube & gan voi hai CYP
U18, GLY590, quan trong 13 CYP3A4 va CYP2D6. O day, hop chat
b Gersbie - ab) E$§559931, defibrotite 1a co chét cia CYP3A4, cho thay ching c6 thé
bi chuyén hoa & gan. Ngoai ra, defibrotite dugc du doan co
kha ning trc ché CYP3A4. Sau hop chit con lai déu khong
1a co chét va khong e ché hai enzym quan trong nay, do d6
212 g}; chung c6 thé khong bi chuyén hoa ¢ gan.
i Nt 0 %2((1){5%’5545’ Vé thai trir, cic hop chat déu c6 kha nﬁI’lg thai trir qua
ALAS47, than, trong d6 didanosine thai trir nhanh nhat véi dg thanh
LS thai toan phan (log ml/min/kg) 14 0,94 va defibrotite thai trir
qua than cham nhat: -0,107.
HOARC | oy csrs .



Bing 4. Két qua danh gia ADMET.
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, Théng sb

Hap thu
Defibrotit Novuridin Didanosin Gemcitabin Sofosbuvir Puromycin Nikkomycins

Tan trong nudc (log mol/l) 23,019 -3,293 22,33 -2,749 -3,953 22,811 -2,892
Tinh thim mang Caco2 (log Pﬂpp trong 10 cm/s) 0,195 0,017 0,175 -0,053 0,472 0,511 0,714
Hap thu ¢ rudt (nguoi) (%) 79,123 71,37 68,748 68,491 68,308 59,883 0
Phan b
Thé tich phan bd (ngudi) (log L/kg) -0,525 -0,101 -0,14 0,283 0,728 0,633 -0,069
Tinh thim hang rao mau nio (log BB) 2,031 -0,636 -1,015 -0,878 -1,873 -1,357 -1,537
Chuyén héa
Co chit CYP2D6 Khong Khong Khong Khong Khong Khdng Khong
Co chit CYP3A4 Co Khong Khong Khong Khong Khéng Khong
Ut ché CYP2D6 Khong Khdng Khong Khdng Khong Khong Khong
Ut ché CYP3A4 Co Khdng Khong Khong Khong Khong Khong
Thai trir
Do thanh thai toan phan (log ml/min/kg) -0,107 -0,018 0,94 0,415 -0,106 0,703 0,488
Dic tinh
Dgc tinh AMES Khong Khong Co Khong Khong Co Khong
Dac tinh gan Co Co Co Co Co Co Co
Kich g da Khong Khong Khong Khong Khong Khong Khong

Vé doc tinh, cac hop chit déu dy doan c6 doc tinh trén
gan, khong gay kich ung da. Ngoai ra, thtr nghiém AMES la
mot phuong phap duge st dung rong réi, dung dé phén tich
xem mot chat co thé gay ra dot bién trong DNA hay khong,
va két qua cho thay 1a hau hét cac hop chit khong co doc
tinh AMES, ngoai trir didanosine va puromycin.

Trong nghién clru nay, chung t6i da sang loc 100 hop
chit tuong tu nucleotide va nucleoside. Két qua cho thy,
¢6 18 hop chat c¢6 tac dung tc ché enzym SARS-CoV-2
RdRp manh hon ca chit ching duong remdesivir va sang
loc dwoc 7 hop chét tiém ning nhit bao gdm novuridin,
didanosine, sofosbuvir, puromycin, defibrotite, gemcitabine
va nikkomycins.

Defibrotite (DF) 1a mot hon hop ciia 90% oligonucleotide
phosphodiester sgi  don va 10% oligonucleotide
phosphodiester soi doi, co nguén géc tr niém mac rudt lon
[23]. Két qua nghién ctru cho thay, defibrotit c6 tiém ning
trc ché dich RdRp véi nang lugng lién két 1a -8,5 keal/mol.
DF da dugc chiing minh 1a 1am giam kich hoat p38 MAPK
thong qua twong tac truc tiép vai cac té bao ndi mo, diéu tri
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COVID-19 [24]. Cac nghién clru da chirng minh sy gia tang
biéu hién cta phdi tir integrin, pha v& mang té bao ndi mo
va viém quanh mach & COVID-19 [24, 25]. Ngoai ra, DF
{rc ché manh biéu hién cua heparanase (mdt chét diéu hoa
chinh cua qua trinh viém ¢ ndi mac, dong vai tro trung tam
trong viém mach mau lién quan dén COVID-19) va hoat
dong ctia enzym [24, 26, 27].

Gemcitabine 1a mot chat tuong tu cytidine, dugc FDA
chap thuan dé diéu tri cic bénh ung thu [28]. Ngay cang c6
nhiéu bang chimg cho thiy, gemcitabine 1a mot chat khang
virus phd rong hi¢u qua chéng lai nhiéu loai virus RNA bao
gf")m coronavirus, MERS-CoV, SARS-CoV, enterovirus,
virus influenza va virus Zika [29-31]. Gemcitabine {rc ché
MERS-CoV va SARS-CoV voi EC50 twong ung 1a 1,22 uM
va 4,96 uM [31]. Trong mdt nghién ctru ciia Y.-N. Zhang va
cong su [32] cho thay, EC50 ctia SARS-CoV-2 1a 1,24 uM.
Trong nghién ctru cta chung toi, ning lugng lién két cua
gemcitabine 1a -8,5 kcal/mol ciing v6i kha ning hap thu ¢
rudt cao, cho thiy tiém ning 16n cta gemcitabine trong didu
tri COVID-19.

Sofosbuvir 12 mot chat tuong tu nucleotide, la thude
chéng virus viém gan C (HCV) da dugc phé duyét 1am
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sang. Sofosbuvir cling c¢6 kha nang ngan chan cac ho virus
RNA so¢i duong khic nén n6 co tiém ning tc ché SARS-
CoV-2 RdRp [33]. Mot s6 nghién ctru trude day di chi ra
réng, sofosbuvir c6 hoat tinh khang virus in vitro va/hoéc in
Vivo chéng lai virus Dengue, Zika [34, 35]. Thém vao do,
sofosbuvir it twong tic, an toan va dugc dung nap tot véi lidu
400 mg mdi ngay trong ché do diéu tri 24 tun [36]. Trong
nghién ctru nay, chiing t6i da tinh dugc nang luong tu do cta
sofosbuvir voi dich RdRp 1a -8,7 kcal/mol va dy doan dugc
kha nang hap thu & rudt kha cao (gan 70%). Chinh vi vay,
sofosbuvir can duoc nghién ciru in vitro, in vivo dé danh gia
kha ning trc ché SARS-CoV-2.

Didanosine 1a mot loai thude khang virus HIV thudc
nhom chat (rc ché men sao chép nguoc nucleoside va da
dugc FDA phé duyét dé diéu trj nhiém HIV [37]. Sau khi
gan két voi dich, didanosine cho ning lugng lién két véi
protein kha 4m (-8,7 kcal/mol) so véi phdi tir ddng tinh thé.
Trong céc nghién clru in silico khac, didanosine cling cho
thay tiém nang trong diéu trj SARS-CoV-2 [38, 39].

Novuridin 1a mét nucleoside pyrimidine, da dugc danh
gi4 vé hoat tinh chéng retrovirus véi EC50 13 0,36 1M [40].
Novuridin cho két qua ning luong lién két 4m nhat (-8,8
kcal/mol) trong s6 7 hop chat thoa man quy tic Lipinski.
Puromycin 12 mot khang sinh ph rong, ngin chin sy tong
hop protein ciia tic nhan gdy bénh bang cach phan tng voi
polypeptide mdi sinh trén vi tri peptidyl-tRNA ctia ribosome,
xUc tac giai phong cac chudi peptide khong hoan chinh tir
phurc hop peptidyl-tRNA-messenger-ribosome, hinh thanh
peptidyl-puromycin [41]. Trong phan tich ADMET, hai
hop chat novuridin va puromycin déu cho thay kha ning
hép thu ¢ rudt kha tot. Nikkomycins 1a khang sinh peptidyl
nucleoside tu nhién, trc ché téng hop chitin va thé hién hoat
tinh khang nam [42]. Trong nghién ctiiu nay, nikkomycins
cho nang lugng tu do kha am (-8,5 kcal/mol), nhung khong
hap thu & rudt ngudi. Chinh vi vdy, can nghién ciru siu hon
dé danh gia tac dung ciing nhu cai thién kha ning héap thu
cua nikkomycins.

Nghién ciru ndy da cho thiy tiém ning trc ché dich RdRp
ctia hop chat EIDD-2801 voi ning luong lién két thap (-7,9
kcal/mol), cao hon 7 hop chit ban luan & trén. Pic biét,
EIDD-2801 di dugc ching minh 1a ¢6 kha nang chéng lai
SARS, MERS, SARS-CoV-2 va ¢ hiéu qua gap 3-10 lan so
voi remdesivir trong viéc ngan chan su sao chép cia SARS-
CoV-2 [43]. Trong mot nghién ctiu khéac, R. Abdelnabi va
cong su da su dung EIDD-2801 dé diéu tri chuot lang bi
nhiém SARS-CoV-2 vé6i 200 mg/kg BID trong 4 ngay lién
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tuc, bat dau tir ngay nhiém bénh, két qua lam giam déng ké
hiéu gia virus 1y nhiém, tdi lwong RNA cua virus va cai
thién r6 rét mo bénh hoc phéi [44]. Vivay, 7 chét ¢o nang
lwong lién két 4m nhit & trén (dm hon EIDD-2801) cang
cho thiy tiém ning 16n trong trc ché SARS-CoV-2.

Keét luan

Sau khi sang loc 100 hop chat, chung t6i da tim ra 18
hop chit c6 tiém ning tc ché enzym RdRp. Trong d6 c¢6 7
hop chét: defibrotite, gemcitabine, sofosbuvir, didanosine,
puromycin, novuridi, nikkomycins c¢6 ning luong lién két
am nhét, théa min quy tic 5 tiéu chi cta Lipinski, c6 dic
tinh duoc dong hoc nhu hip thu kha t6t, khong chuyén hoa
O gan, thai trr qua than, c6 thé c6 doc tinh véi gan. Do do
can tién hanh nhimg nghién ctru sau hon in vitro v in vivo
dé danh gia va phat trién nhitng hop chat tiém ning nay tre
thanh thuéc diéu trj SARS-CoV-2.
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