DOI: 10.31276/VIST.64(12).39-47 Khoa hoc Y - Duoc | Dugc hoc wemmm
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Tom tit:

COVID-19 1a mét bénh truyén nhiém lién quan dén viém dwong hd hip cip do virus SARS-CoV-2 giy ra. Co ché xAm nhap va
1y nhiém ciia n6 dworc biét dén thong qua protein S, 3CLP™, enzym chuyén dbi angiotensin 2 (ACE2) va ARN polymerase phu
thudc RNA (RdRp). Vi thé, chiing Ia cac dich quan trong trong su e ché 1iy nhiém virus SARS-CoV-2. Cay Xuyén tim lién
(Andrographis paniculata) dwgc chimg minh la c6 kha nang we ché sy nhan 1én ciia mdt sb virus. Nghlen ciru nay danh gia tac
dung e ché cac dich protein S, 3CLP™, ACE2 va RdRp ciia cic hop chit trong ciy Xuyen tam lién bang phwong phap docking
phan tir. Ciu tric 3D ciia RdRp, main protease (3CL"™), protein S va ACE2 dugc 1y tir Ngan hang dir li¢u protein RCSB. Cac
hop chit dwgrc thu thap tir cac tai liéu ve thanh phan hoa hoc ciia cy Xuyén tam lién va cac cau tric nay dwoc lay tlr co so dit liu
PubChem Thyec hién docking phan tr bang phan mém Autodock vina. Luat5 LlplnSkl dugec sir dung dé danh gid kha nang dac
tinh glong thudc ciia cac hop chit. Thong so dwgc dong hoc ciia cac hop chit tiém nang dwgc danh gia qua cong cu kaSM Dua
trén cac cong bo truwée day vé ciy Xuyén tam lién, 22 hop chit thu thap dwoc la thanh phan hoa hoc chinh c6 trong cay. Két qua
cho thay, hop chit 3-O-beta-D-Glucopyranosyl-14,19-dideoxyandrographolide cé tic duyng e ché manh trén ca 2 dich RdRp va
enzym 3CLP™ ctia virus SARS-CoV-2. Phan tich dwa trén luat 5 Lipinski cho thay, hgp chit 3-O-beta-D- -Glucopyranosyl-14,19-
dldeoxyandrographollde co dac tinh glong thudc. Ngoai ra, két qua dy doan thong so dwoc dong hoc cho thay, hop chat nay cé
kha niing hip thu 6 rudt rat tot va doc tinh thap. Vi vy, 3-O-beta-D-Glucopyranosyl-14,19-dideoxyandrographolide 13 hop chét
tiém ning c6 thé tré thanh thudc diéu tri COVID-19 tir cAy Xuyén tam lién.

Tir khéa: ACE2, Andrographis paniculata, docking, in silico, phan tit, protein S, RdRp, SARS-CoV-2, 3CL*™.
Chi s6 phin logi: 3.4

la protein gai (S), protein bao boc (E), protein mang (M) va
protein nucleocapsid (N) [7]. Protein S 1a mot glycoprotein
trimeric TM bao phii bé mit ctia virus voi s luong 16n duge
glycosyl hoa va lién két véi ACE2 cua té bao chii 16p I. Protein
S ¢6 2 chtrc nang chinh 1a két hgp véi thy thé va hop nhét virus
[8, 9]. 3-chyomotrypsin like protease (3CLP™) con goi la main
protease - mot enzym quan trong d6i véi su sao chép clia virus,
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COVID-19 14 mdt bénh truyén nhiém lién quan dén viém
duong ho hip cip, co ngudn gde tir mot cho ban hai san ¢ thanh
phd Vii Han, tinh Hd Bic, Trung Quéc do virus SARS-CoV-2
gdy ra [1]. Tinh dén ngay 20/7/2022, thé gidi c6 hon 570 triéu
ca nhiém bénh va gﬁn 6,4 triéu ca to vong vi COVID-19 [2].

Viét Nam tinh dén ngay 20/7/2022 c6 hon 10,7 triéu ca nhiém,
trong d6 da khdi hon 9,8 tri€u ca va tu vong hon 43 nghin ca.
Cac triéu chung cua nguoi nhidm virus SARS-CoV-2 rét da
dang, ¢6 thé khong c6 triéu chimg hodc viém dwong ho hap
cap va suy da tang. Cac triéu chung tuong tw ngudi bi nhiém
trung duong ho hap khac nhu sdt, dau hong, ho, kho thd, nhuc
dau, mét moi, dau co. Bénh ¢ thé tién trién nang dan dén viém
phdi, suy ho hip va tir vong & mot sb it bénh nhin vao tuan
dau tién khi nhiém bénh bdi ¢ su gia tang manh mé cua cac
cytokine gdy viém [3]. Ngoai ra, cac bénh ly di kem nhu dai
thdo dudng, ting huyét ap, cac bénh vé tim mach va ho hip
cling lam nang thém tinh trang cta ngudi bénh [4].

Virus SARS-CoV-2 1a loai virus ¢c6 ARN sgi don [5]. B

gen cua n6 ma hoa 9.860 axit amin, ¢6 chiéu dai 1a 29.881 bp
[6]. Céc protein cau tric quan trong nhat cia COVID-19
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déc biét enzym nay phan cat cac polyprotein dugc dich ma tur
RNA cua virus dé tao ra cac protein chitc nang [10].

ACE2 1a mét protein mang loai I dugc tim thdy ¢ phoi,
than, rudt, tim va dugc virus SARS-CoV-2 dung lam thu thé
dé xam nhiém vao té bao chu [11-13]. ACE2 bao gdm 850
axit amin, trong d6 c6 mot chudi trinh tw HEXXH-E lién két
v6i kém (Zn). Thy thé ACE2 déng vai trd quan trong déi voi
SARS-CoV-2 vi ACE2 gitp virus t6i cac té bao phé nang [14].

ARN polymerase phu thuoc RNA (RdRp) - mot loai enzym
quan trong, c¢6 vai trd quan trong trong qua trinh sao chép va
phién ma RNA trong té bao chu [15], 1a mot trong nhiing dich
day hira hen dé phat trién thuéc SARS-CoV-2. Vi RdRp la mot
enzym virus khong ¢6 chét tuong dong té bao ch, cac chat tic
ché chon loc trén dich RARP it tac dong dén cac té bao khac
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Abstract:

Covid-19 is an infectious disease associated with acute
respiratory infections caused by the SARS-CoV-2 virus. Its
entrance and infection mechanisms have been identified as S
protein, main protease (MP™ or 3CLP"), angiotensin-converting
enzyme 2 (ACE2), and RNA-dependent RNA polymerase
(RdRp). As a result, they are critical targets in the prevention
of SARS-CoV-2 viral infection. Andrographis paniculata has
been shown to be potentially effective in the treatment of several
viruses. This study evaluated the inhibitory effects of compounds
in Andrographis paniculata against the S protein, 3CL*", ACE2,
and RdRp targets by molecular docking method. The 3D
structure of the SARS-CoV-2 RdRp, 3CLP™, S protein and ACE2
were obtained from the RCSB Protein Data Bank. Compounds
were collected from the publication of Andrographis paniculata
and these structures were obtained from the PubChem
database. Molecular docking was done by AutoDock Vina
software. Lipinski rule of five is used to compare compounds
with drug-like and non-drug-like properties. Pharmacokinetic
parameters of potential compounds were evaluated using the
pkCSM tool. Based on previous publications of Andrographis
paniculata, 22 main compounds were collected. The results
showed that the compound 3-O-beta-D-Glucopyranosyl-14,19-
dideoxyandrographolide had a strong inhibitory effect on both
the RdRp and 3CL*™ targets of SARS-CoV-2 virus. Analysis of
Lipinski 5’s rule exhibited that 3-O-beta-D-Glucopyranosyl-
14,19-dideoxyandrographolide has drug-likeness properties. In
addition, the results of predicting pharmacokinetic parameters
indicated that this compound had good intestinal absorption and
low toxicity. The compound 3-O-beta-D-Glucopyranosyl-14,19-
dideoxyandrographolide is a potential compound to become the
therapeutic drug Covid-19 from Andrographis paniculata.

Keywords: ACE2, Andrographis paniculata, docking, in silico,
molecular, protein S, RdRp, SARS-CoV-2, 3CL"™.
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ngoai té bao dich, do d6 c6 thé dugc phat trién dé cai thién hiéu
qua va it gay ra cac tac dung khong mong muén. Day chinh 1a
liéu phap diéu tri COVID-19 an toan va hi¢u qua hon so véi trc
ché céc dich phan tir khac [16].

Cay Xuyén tam lién di dwoc st dung dé diéu tri ran can,
tiéu duong, kiét ly, sot va sbt rét [17]. Phan trén mat dit cua
cdy nay c6 chua diterpenoids, diterpene glycoside, lacton,
flavonoid va flavonoid glycoside. Xuyén tam lién da dugc bao
cao la c6 mot loat cac tac dung dugc ly nhu ch6ng ung thu [18],
HIV [19], antidiarrheal [20], antihepatitis [21], ha dwong huyét
[22], khang khuén, chong st rét [23, 24], chong viém, chong
oxy hoa [25], tim mach [26, 27], bao v& gan [28], kich thich
mién dich [29, 30]. Trong mot nghién ctru cho thay, mot hop
chét trong cay Xuyén tam lién 1a andrographolide dugc danh
gid in vitro v6i kha nang lam giam qua trinh nhan Ién cua virus
SARS coronavirus véi gia tri EC,=1,2 pg/ml [31]. Do do, cay
Xuyén tam lién dugce lya chon véi muyc dich sang loc cac hop
chit c6 trong cdy va danh gia hiéu qua ciing nhu tiém ning tré
thanh thudc trong diéu tri SAR-CoV-2.

Docking phan tir la mot k¥ thuat mé hinh héa voi muc dich
dw doan vi tri va cdu hinh ma phdi tir (ligand) c6 thé lién két vi
phén tir protein (target). Phdi tir duoc cho dich chuyén trong
khéng gian bao quanh phan tr protein dé tim vi trf c6 kha ning
gin két bén viing nhat sir dung cac ham danh gia va phuong
phap tim kiém cyc tri toan cuc khac nhau. Tir d6 ¢6 thé tim ra
dugc nhing hop chit ¢6 tac dung tc ché protein [32]. Phuong
phap docking phén tir nay ¢6 vu diém tiét kiém thoi gian va chi
phi trong viéc sang loc cac hop chét so véi cac phuong phap
thye nghiém [33]. Muc tiéu cua nghién ctru nay la sang loc cac
hop chat c6 tac dung tic ché cac dich phan tir protein S, 3CLP™,
ACE2 va RdRp ciia cac hop chét trong cdy Xuyén tam lién
bang phuong phap docking phan tir nham tim kiém hop chat c6
thé phat trién thanh thudc dé diéu trj SARS-CoV-2.

Nguyén liéu va phucng phap nghién cuu
Mé hinh docking

Chudn bi cau triic protein: Cau trac 3D cla enzym
SARS-CoV-2 RdRp (PDB ID: 6M71), 3CLP* (PDB ID: 6W63),
protein S (PDB ID: 6VYB) va ACE2 (PDB ID: 1R4L) duoc
truy xuét tir Ngan hang dir liéu protein RCSB (www.rcsb.org).
Protein S cia SARS-CoV-2 véi ID 6VYB bao gdm 3 chudi: A,
B, C va chudi A dugc tach ra dé sir dung cho mo hinh docking
[34]. Hai phdi tr dong két tinh X77 va XX5 ctia 3CL™ (ID:
6W63) va ACE2 (ID: 1R4L) dugc sir dung dé danh gia va toi
uu hoa md hinh docking. Vung hoat dong cua protein dugc xac
dinh bang phan mém MOE va Discovery Studio Visualizer 4.0.
Pé chuén bi cho qua trinh docking, tit ca cac phan tir nuée va
dong tinh thé da duogc loai bo khoi phan tir protein bang phin
mém Discovery Studio Visualizer 4.0. Cac phan tir hydrogen
dugc thém vao bang phan mém Autodock Vina trude khi tai 1ap
vung hoat dong clia protein st dung ph?m mém MGL Autodock
tools 1.5.6. Trung tdm hoat dong ctia RdRp, 3CL™, protein S
va ACE2 duogc xac dinh ¢ bang 1.
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Bang 1. Trung tam hoat dong cua 4 protein quan trong.

Protein Kich thuéc hop lwéi () (x,y, z)

Rdrp 30x30%30 (121, 120, 125)

3CL 20%20%20 (-20.313, 18.742, -28.341)
Spike protein  12x10x13 (197.044, 222.794, 205.696)
ACE2 12x10%13 (40,003, 6,069, 28,538)

Chudn bi cdu triic phoi tir: Duya trén cac cong bd trude day,
thu thap dugc 22 hop chét ¢6 kha ning tc ché SARS-COV-2
tir cdy Xuyén tam lién [35, 36]. Cau trac 3D ctia nhimng hop
chét nay dugc lay tir co so dit liéu PubChem & dinh dang sdf
sau d6 chuyén thanh dinh dang pdb bang phin mém Chimera
[37, 38]. Tiép theo, cac phdi tir dugc t6i wu hoa bang phin mém
Avogadro st dung phuong phap Gradient lién hop (Conjugate
Gradients) r0i chuyén thanh dinh dang pdbqt bang phan mém
Autodock Tool [39, 40].

Thuc hién docking phan tu: Cac phéi tor duoc dock vao
trung tim hoat dong cua protein bang phin mém Autodock
vina. Sir dung phan mém Discovery Studio Visualizer 4.0 gitip
quan st cac lién két giita protein va cac hop chat sang loc dugc.

Panh gid két qua docking: Dé danh gia két qua qua trinh
docking, phdi tir tir ddng tinh thé da dugc docking lai vao vi tri
hoat dong ctia muc ti€u. Qua trinh dugc thuc hi¢n thanh cong
néu gia tri do léch binh phuong trung binh gdc (RMSD) nho
hon hodc bang 1,5 A. Déi vai cac chat can docking, kha ning
gin két cua ching dugc danh gia thong qua twong tac voi cac
axit amin trong trung tdm hoat dong cua protein va nang lugong
twong tac dwoc tinh bi ham tinh diém (scoring function) cua
Autodock vina.

Danh gia quy tic 5 tiéu chi ciia Lipinski

Quy tic 5 tiéu chi cua Lipinski dugc sir dung dé danh gia
dac tinh giéng thudc ciia cac hop chat [41] thong qua cong
cu online (http://www.scfbio-iitd.res.in/software/drugdesign/
lipinski.jsp) [42].
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Két qua dy doén cac thong sb vé duge dong hoc bao gdbm
hip thu, phan bé, chuyén héa, thai trir va doc tinh (ADMET)
cta cac hop chét tiém ning duoc danh gid qua cong cu pkCSM
(http://biosig.unimelb.edu.au/pkesm/prediction) [43].

Két qua
Danh gia moé hinh docking

Trudc khi sang loc cac hop chét, m6 hinh docking can dugc
déanh gid tinh chinh xac cua no. Két qua sau khi docking lai
phéi tir dong tinh thé thu dugc gia tri RMSD lan luogt 1a 0,986
va 0,836 A (hinh 1). Hai gi4 tri ndy thoa man diéu kién RMSD
nho6 hon 1,5 A chimg to két qua docking phan tir vao muc tiéu
la dang tin cay.

(A) (B)

Hinh 1. Két qua re-dock phéi tir déng két tinh ctia phirc hop
6W63 (A) va 1R4L (B).

Su twong tac giita phdi tir dong két tinh voi 3CL™ va ACE2
duoc thé hién ¢ hinh 2.

Mo hinh docking cua cdac hop chét véi dich protein

Sau khi chuén bi phdi tir, tién hanh docking 22 hop chét
thién nhién tir cay Xuyén tam lién dé sang loc hoat dong trc
ché cac protein dich cuia SARS-COV-2 cua chung. Két qua
dugc thé hién ¢ bang 2.
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Hinh 2. Biéu dién 2D twong tac cua phéi tir dong két tinh X77 v&i 3CLPe (A) va XX5 véi ACE2 (B).
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Bang 2. Két qua docking ctia 22 hgp chét, cac phéi tir ddng két tinh (X77, XX5) va cac chat chirng dwong (Artemisinin, remdesivir).

STT Hop chét RdRp (6m71) ACE2 (IR4L)  3CL"™ (kcal/mol) (6W63)  Protein S (6VYB)
1 Andrographolide -6,8 -4,3 -7,2 -5,3
2 Neoandrographolide -7,9 -3,8 -7,8 -5,9
3 14-Deoxyandrographolide -6,2 -4,7 -7,3 -5,3
4 Andrographiside -7,9 -4,0 -7,8 -6,1
5 Isoandrographolide -6,8 -4,2 -7,9 -5,8
6 Andrographic axit -7,1 -3,8 -7,0 -5,5
7 Andrograpanin -6,1 -4,6 -7,4 -5,2
3-O-beta-D-Glucopyranosyl-14,19-
. dideoxyandrograplrl)(})/lide ' ad =9 L e
9 Andrographolactone -6,2 -4,5 -1,5 -5,5
10 12-Hydroxyandrographolide -6,7 -4,8 -7,4 -5,0
11 Andropanolide -6,2 -4.4 -7,0 -5,6
12 Andrographatoside -7,3 -4,1 -7.4 -5,9
13 Bisandrographolide -8,6 -3,9 -8,2 -6,6
14 Dehydroandrographolide -6,4 -43 -6,9 -5,6
14 14-deoxy-11,12-didehydroandrographolide -6,3 -4.4 -7,4 -55
16 14-deoxy-14,15-dehydroandrographolide -6,5 -4.4 -7,6 -5,5
17 3,19-isopropylideneandrographolide -7,6 -4,7 -8,1 -5,9
18 5-hydroxy-7,8-dimethoxyflavone -6,5 -42 -7,0 -5,3
19 5-hydroxy-7', 8', 2', 5'-tetramethoxyflavone -6,4 -42 -7,4 -5,4
20 5-hydroxy-7', 8', 2', 3'-tetramethoxyflavone -6,4 -4,0 -6,8 -5,6
21 5-hydroxy-7', 8', 2'-trimethoxyflavone -7,6 -3,7 -7,9 -5,9
22 7-O-methylwogonin -6,5 -42 -7,0 -5,3
23 Remdesivir (R1) -7,5
24 Artemisinin (R2) -7,3
25 X77 (R3) -8,6
26 XX5 (R4) -7,5

Remdesivir 1 thude dau tién dwoc cuc Quan 1y thyc pham va
Dugc pham Hoa Ky (FDA) chap thuan dé diéu tri COVID-19
nho bang ching dang ké vé hiéu qua va tinh an toan ciia nd
[44]. Remdesivir 1a mot chét e ché RdRp, do d6 co thé tre ché
su nhan 1én ciia coronavirus trong cac té bao biéu mo duong ho
hap [45]. Artemisinin ciing di dugc chimg minh kha nang hoat
dong nhu mot chat e ché protein S [46]. Do d6, nghién ctru
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- Conventional Hydrogen Bond |:| Pi-alleyl

nay tién hanh so sanh ning lugng gan két ctia cc hop chét tiém
ning véi remesdevir va artemisinin (chat chimg duong dé danh
gia kha ning wc ché enzym RdRp va protein S cta chiing).
Vé kha ning e ché 3CLr° va ACE2 cia cac hop chit thu
dugc, nang luong lién két voi hai phdi tir dong két tinh sau khi
docking lai s& duoc sir dung dé so sanh. Két qua hinh 3 cho thiy
lién két ciia RdRp vai remdesivir, protein S v6i artemisinin.
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Hinh 3. Biéu dién 2D twong tac cia RdRp v&i remdesivir (A), protein S v&i artemisinin (B).
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Tir bang 2 ta thiy, 4 hop chét ¢6 ning luong lién két thap
hon remdesivir (-7,5 kcal/mol), bao gdm neoandrographolide
(-7,9  kcal/mol),  andrographiside  (-7,9  kcal/mol),
3-O-beta-D-Glucopyranosyl-14,19-dideoxyandrographolide
(-8,7 kcal/mol), bisandrographolide (-8,6 kcal/mol). Hon nita,
4 hop chit nay lién két véi 3CLP® v6i nang luong kha thap,
cu thé 1a neoandrographolide (-7,8 kcal/mol), andrographiside
(-7,8 kcal/mol), 3-O-beta-D-Glucopyranosyl-14,19-
dideoxyandrographolide (-8,1 kcal/mol), bisandrographolide
(-8,2 keal/mol). Tuong tac phbi tir - voi axit amin RdRp (hinh 4)
va 3CL™ (hinh 5) cho thdy chu yéu la tuong tic qua lién két
hydro va m. Cac axit amin cta 2 protein virus nay voi 4 hop
chét tiém nang dugc thé hién & bang 3.

Bang 3. Bén hop chét tiém ning lién két véi cac axit amin cla
RdRp va 3CLr™ trong vung hoat dong twong rng.

N Lién két véi axitamin  Lién két voi axit amin
STT Tén . .
ciia RdRp cia 3CL™
ASP618, SER795, HIS41, MET49, GLN189,
1 Neoandrographolide

ARGS53

THR2S5, THR190

2 Andrographiside

ASP761, LYS798,

GLU811, CYS813,

SER814, TRP800

THR2S, CYS44, HIS41

3-0-beta-D-Glucopyranosyl-
14,19-dideoxyandrographolide

ASP761, GLUSL1,

TRP800, SER79S5,
LYS798

HIS41, MET49, HIS163,
LEU141, PHE140, ASN142,
THR190

ASP623, ARGS53,
CYS622, ASP164,
PHE793

4 Bisandrographolide

LEU141, ASN142, GLY143

(A)

nnnnnnnnnn

Hinh 4. Biéu dién sw twong tac
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Ddi voi 2 dich phan tir protein S va ACE2, 4 phan tir
¢6 ning lugng lién két cao hon so v6i 2 chat ching duong
artemisinin va phdi tir dong két tinh XX5. 3-O-beta-D-
glucopyranosyl-14,19-dideoxyandrographolide ~ c6 nang
lwong lién két thip nhit voi RdRp (-8,7 keal/mol), duge dock
vao vung hoat dong ctia enzym nay véi vi tri tuong ty nhu
remdesivir. Hop chit nay lién két v6i protein dich qua cac
lién két hydro voi ASP761, GLU811, TRP800, SER795 va
LYS798. Bisandrographolide ciing cho thdy nhiing tuong
tac tuong tu véi RdRp, qua céc axit amin ASP623, ARGS553,
CYS622 va ASP164. Neoandrographolide va andrographiside
ciing c¢6 niang luong lién két kha thip v6i enzym virus nay
qua nhimng amino axit twong ty, lién két hydro véi ASP761,
ASP618 va ARG553. So sanh tuong tac ciia 4 hop chét nay
va 3CL™ véi phéi tir dong két tinh X77 c6 thé thiy, lién két
phdi tir - axit amin cua hau hét cac hop chat ciing tuong ty
nhau. D¢ 1a nhitng axit amin quan trong nhu ASN142, HIS41
va MET49.

Két qua quy tic 5 tiéu chi ciia Lipinski

Cac hop chit dugc goi 1a “gidng thude” khi ching dap
(ng it nhat 2 trong 5 cac tiéu chi ctia luat 5 Lipinski: (1) Khoi
lwong phén tir <500 Da; (2) C6 tinh wa dau cao (LogP nho hon
5); (3) Khong c6 nhiéu hon 5 nhom cho lién két hydrogen; (4)
Khong co nhiéu hon 10 nhém nhan lién két hydrogen; (5) Bo
khiic xa mol phai ndm trong khoang 40-130. Két qua dap tmg
quy tic 5 tiéu chi ctia Lipinski cta 4 hop chit trén duoc trinh
bay ¢ bang 4.
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andrographiside (B), 3-O-beta-D-glucopyranosyl-14,19-

dideoxyandrographolide (C), bisandrographolide (D) v&i enzym 3CLP™ biéu dién 2D (phai) va 3D (trai).

Bang 4. Két qua danh gia quy tic 5 tiéu chi cua Lipinski.

STT  Hop chit Khbi lwgng phan tir l:yh(;’r':gf:’ (iifl;‘l;‘)ét 1:;1(;5;:;1:1@&1;3)1(& logP g?ll'g"ic X mol ;g}l’g":‘ﬁéc
1 Neoandrographolide 430 4 8 1,845 123,414 Co

2 Andrographiside 512 6 10 -0,213 126,193 Khong

3 jlfe:;;znzrgg:gggﬁ‘fsyl1419 480 4 8 1,843 123392 o)

4 Bisandrographolide 664 4 8 5,368 182,041 Co

Kétquabang4 cho thay, neoandrographolide va 3-O-beta-
D-glucopyranosyl-14,19-dideoxyandrographolide thoa man
ca 5 tiéu chi lipinski cho thdy dic tinh gidng thudc rét cao.
Bisandrographolide cling thoa man 2 tiéu chi d6 1a nhom
cho, nhan lién két hydrogen. Do d6 3 hop chét nay tiép tuc
dugc danh gia dac tinh dugc dong hoc, bao gém hép thu,
phan bd, chuyén hoa, thai trir va doc tinh.

Ddnh giad ADMET

Két qua dy doan ADMET gdm cac qua trinh hip thu,
phéan bo, chuyén hoéa, thai tru, ddc tinh dugc trinh bay &
bang 5.

Kha ning hip thu cta cac chat dugc danh gia dya trén 3
thong s6, d6 1a kha ning hoa tan trong nude, tinh thim qua
mang Caco2, phan trim hép thu thudc ¢ duong ruot. Két qua
bang 5 cho thiy, kha ning hoa tan trong nudc cua cac hop
chat kha kém voi ndng do mol chi khoang 10 mol/l). Tinh
thAm qua mang Caco2 (logP , trong 10¢ cm/s) coO gia tri
cao hon 0,9 dugc cho la co kha 1 nang thim tét, ca 3 hop chat
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déu co kha nang thim khong cao véi gia tri logP , trong
10 cm/s déu <0,9 (0,474, 0,532, 0,451). Tuy nhlen kha
nang hap thu & rudt lai kha tot voi gia tri cao nhat 1a 86,55%
cua bisandrographolide, neoandrographolide va 3-O-beta-
D-Glucopyranosyl-14,19-dideoxyandrographolide ¢6 phan
tram hap thu thip hon va gan bang nhau, lan luot 13 62,263
va 62,867%. Doi véi sy phan bd, gia tri logBBB 16n hon
0,3 duogc cho 1a c¢6 kha ning hip thu tét qua hang rio mau
ndo. Ca 3 hop chit déu khong hap thu qua hang rio mau
nio (logBBB<0,3). V& chuyén hoa, hé cytochrome P450 1a
hé enzym quan trong trong qua trinh chuyén hoa thudc &
gan, danh gia chuyén hoa cta 3 hop chéit véi CYP2D6 va
CYP3A4 nhén thay, chi c6 bisandrographolide 13 co chat
ctia CYP3A4. Ca 3 hop chit déu c6 thé thai trir qua than,
trong d6 cd neoandrographolide thai trir nhanh hon ca véi do
thanh thai toan phan 13 0,936 (logml/phut/kg). Vé doc tinh,
ca 3 hop chét déu khong gay kich tmg da va doc tinh AMES.
Tuy nhién, c6 neoandrographolide, bisandrographolide gay
doc tinh cho gan do d6 can chi ¥ van dé nay.

a4
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3-O-beta-D-glucopyranosyl-14,19-

Théng sb Neoandrographolide dideoxyandrographolide Bisandrographolide
Hép thu
Tan trong nuée (logmol/1) -4,049 -4,166 -5,144
Tinh thdm mang Caco2 (logP,  trong 10 cm/s) 0,474 0,532 0,451
Hép thu & rudt (%) 62,263 62,867 86,55
Phan bé
Thé tich phan b (logl/kg) -0,865 0,432 -1,438
Tinh thim BBB (logBBB) -0,993 -1,048 -1,187
Chuyén hoa
Co chat CYP2D6 Khong Khong Khong
Co chit CYP3A4 Khéng Khéng Co
Uc ché CYP2D6 Khong Khong Khong
Ut ché CYP3A4 Khong Khong Khéng
Thai trir
Do thanh thai toan phén (logml/min/kg) 0,936 0,903 0,221
DBoc tinh
bBoc tinh AMES Khong Khong Khong
Doc tinh gan Co Khong Co
Kich tng da Khong Khéng Khong
Ban luan giam qua trinh nhén 1én cta virus SARS-CoV-2 véi gia tri

Nghién ciru nay thyc hién danh gia kha ning trc ché cua
cac hop chat co trong cdy Xuyén tdm lién v6i ca 4 dich phan
tir cua virus SARS-CoV-2 1a RdRp, ACE2, 3CLP® va protein
S. Cac hop chat sau khi thuc hién docking phan tir thu dugc
nang luong lién két tu do véi cac protein, thé hién kha nang
{rc ché cao trén dich RdRp ¢6 4 hop chit neoandrographolide
(-7,9 kcal/mol), andrographiside (-7,9 kcal/mol), 3-O-beta-
D-Glucopyranosyl-14,19-dideoxyandrographolide ~ (-8,7
kcal/mol), bisandrographolide (-8,6 kcal/mol) c6 néng
luong lién két thap hon hop chat dong két tinh hodc chimg
dwong (-7,5 kcal/mol). Ngoai ra, kha ning lién két voi
enzym 3CLP™® cia cac chét ké trén ciing kha cao voi ning
luong lién két 1an luot 13 -7,8, -7.8, -8,1 va -8,2 (kcal/mol).
D6i voi 2 dich phan tir con lai 1a ACE2 va protein S kha
ning lién két voi cac hop chat déu khong cao véi ning
luong lién két kha cao va déu cao hon so véi phan tir chat
chung duong la XX5 va artemisinin. Do do, RdRp va 3CLre
1a 2 dich c6 tiém ning trong viéc trc ché virus khi gin két
v6i cac hop chét trong ciy Xuyén tam lién.

Cay Xuyén tam lién ndi tiéng voi nhidu tac dung nhu ha
sot, chdng nhidm tring, khang virus..., véi thanh phan hoa
hoc chinh la andrographolide d1terpen01ds cac polyphenol,
flavonoid [47]. Ngoai ra, co ché chdng virus ciia cy Xuyén
tam lién chi yéu 1a didu chinh kha ning xdm nhap cia
virus, nhan 1én ciia gen va téng hop céc protein chirc ning
[48]. Cay Xuyén tim lién v6i hop chét chinh trong céy la
andrographolide da dugc danh gid in vitro v6i kha nang
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EC,=1,2 pg/ml [31].

M.E. Sukardiman va cs (2020) [49] da thuc hién sang
loc cac hop chit c¢6 trong cdy Xuyén tim lién va chi ra
rang, flavonoid glycoside glycosides 5,4’-dihydroxy-7-
O-B-D-pyran-glycuronate butyl ester va andrographolide
glycoside 3-O-B-D-glucopyranosyl-andrographolide 1a 2
hop chét c6 nang lugng lién két thap va tuong tac voi cac
axit amin twong tu nhu phan tir dong két tinh cta 3CLM
(6LU7). Trong mdt nghién ctru khac, K. Rajagopal va cs
(2020) [50] nghién ctru in silico da chi ra hop chit thé
hién kha ning lién két cao vao ving hoat dong ciia SARS-
CoV-2 3CLr™ la andrographolide va dihydroxy dimethoxy
flavone. Khi dénh gia 4 hop chit andrographolide (AGP1),
14-deoxy 11,12-didehydro andrographolide (AGP2),
neoandrographohde (AGP3) va 14-deoxy andrographolide
(AGP4) tir cdy Xuyén tam lién vé kha nang tc ché 4 dich
quan trong goém 3CLP°, Papain-like proteinase (PLP©),
RdRp, protein S cta virus corona AGP3 dugc cho 1a c6 hiéu
qua trén cac dich nay va duogc st dung nhu mot thude thay
thé hiéu qua & cac nudc dang phat trién [51]. Nghién ciru
nay ciing thu dugc két qua tuong tu véi neoandrographolide
1a mot chat co nang lugng lién két kha thap trén 2 dich
RdRp (-7,9 kcal/mol), 3CLP™ (-7,8 kcal/mol). Tuong tu,
mot nghién ctru khac cua S. Hiremath va cs (2021) [52]
ciing chimg minh dwoc rang, neoandrographolide cé tac
dung (rc ché trén ca 2 dich RdRp (-8,5 kcal/mol), 3CL
(-7,9 kcal/mol). Tuy nhién trong nghién curu nay, mac du
neoandrographolide ciing dugc danh gia 1a mot hop chat
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tiém ning véi ning lugng lién két vai RdRp, 3CLM™ lan luot
la-7,9 va -7,8 kcal/mol, nhung 3-O-beta-D-glucopyranosyl-
14,19-dideoxyandrographolide, bisandrographolide c6 nang
lwong lién két véi RdRp thip hon, lan luogt 13 -8,7 va -8,6
kcal/mol duoc cho 13 c6 kha ning tc ché enzym nay manh
hon so vdi neoandrographolide. Ngoai ra, nang lugng lién
két ctia 2 hop chat nay vai 3CLP ciing kha thip véi gid tri lan
luot 1a -8,1 va -8,2 kcal/mol. Do do, cac hop chét 3-O-beta-
D-Glucopyranosyl-14,19- dideoxyandrographolide,
bisandrographolide ¢6 tiém ning e ché RdRp va 3CL
cua virus SAR-CoV 2 cao hon so v6i neoandrographolide.

Thong qua viéc danh gia dgc tinh cua ching, 3 hop chat
¢6 tiém nang trd thanh thudc nhét 14 bisandrographolide,
neoandrographolide va 3-O-beta-D-Glucopyranosyl-
14,19-dideoxyandrographolide. Két qua thu duoc cho thay,
bisandrographolide, neoandrographolide c6 kha nang gay
ddc tinh cho gan, do d6 3-O-beta-D-Glucopyranosyl-14,19-
dideoxyandrographolide c6 kha nang trc ché virus SARS-
CoV-2 va ¢ tiém ning tro thanh thude an toan va higu qua
nhét trong cac hop chat thudc cdy Xuyén tam lién.

Keét luan

Hop chit 3-O-beta-D-Glucopyranosyl-14,19-
dideoxyandrographolide trong cdy Xuyén tam lién cho thay
kha ning trc ché manh trén ca 2 dich RdRp va 3CL"™ cua
virus SARS-CoV-2. Ngoai ra, hop chat nay cling cho thiy
dic tinh gidng thudc khi thoa mén tiéu chuan Lipinski 5 va
du doan ADMET c6 kha nang hap thu tdt, it doc tinh. Do
d6, can tién hanh nhiing nghién ctru in vitro va in vivo dé
phat trién hop chit tiém ning nay trd thanh thude diéu tri
SARS-CoV-2.
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