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The study focused on screening for compounds derived from Vietnam
herbs that are potential binding to the protein SARS-CoV-2 Mpro - a
protein that plays an important role in the replication of the SARS-
CoV-2. The library of 320 compounds from 121 species of
Vietnamese herbs underwent screening processes for protein binding
energy, pharmacokinetic properties, and interaction by bioinformatics
tools. The three most potential compounds were screened including
Pyranoamento flavone, Celastrol and Pomolic acid, passing the five
Lipinski rules and strong interactions with target proteins. The
findings suggested the identified compounds may serve as potential
leads that act as COVID-19 Mpro inhibitors, worthy for further
evaluation and development.
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Nghién ciru nham sang loc cac hop chat ¢ ngudn goc tir thao moc co
kha niang khang protein SARS-CoV-2 Mpro - I& protein c6 vai tro
quan trong trong viéc nhan I&n cua virus SARS-CoV-2. Thu vién
gdm 320 hop chét c6 ngudn gdc tir 121 loai thao duge dwoc sang loc
thong qua nang luong lién két, thudc tinh dugc doc hoc va twong tac
phan tir bang cac cong cu tin sinh hoc. Ba hop chat tiém nang nhat 1a
Pyranoamentoflavone, Celastrol, Pomolic acid thé hién &i lyc cao voéi
Mpro, dap ng nam quy tic Lipinski va tuong tac phan tir tot Voi
protein muc tiéu. Cac phat hién cho thiy ring, cac hop chit dwoc xac
dinh c6 thé dong vai tro 1a cac chat dan tiém ning hoat dong nhu chit
tic ché COVID-19 Mpro, dang dugc danh gia va phat trién thém.
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1. Giéi thiéu

SARS-CoV-2 la 1 B-corona virus nhém 2b gay hoi chung hd hap cap tinh nang co tén la
COVID-19, xuat hién lan dau tién vao thang 12 nam 2019, trong dot bung phat dai dich COVID-
19 & thanh phd Vii Han (Trung Qudc) va bat dau lay lan nhanh chong, sau d6 tré thanh mot dai
dich toan cau [1]. Bo gen virus SARS-CoV-2 la mot ARN sgi don duong bao gém khoang
30.000 nucleotide, chiém 82% trinh tu twong tu voi SARS-CoV [2]. SARS-CoV-2 chira 4 loai
protein khéng cau trdc: protease gidng Jpapain (PLpro) va 3-chymotrypsin (Mpro, 3CLpro), RNA
polymerase va helicase. Mpro phan cit cac polyprotein cua virus, tao ra 12 protein khong cau
trdc (tir Nsp4 dén Nsp16), bao gom RNA polymerase phu thuoc RNA (RdRp, Nsp12) va helicase
(Nsp13) [3], [4]. Cac protein khdng cau trlic nsp4 - nsp16 nay chiu trach nhiém sao chép va phién
mé& b gen cua virus. Ngoai ra, Mpro dong vai tro nhu mot phén tu ¢6 chirc nang sinh hoc trong
viéc han ché tin hiéu khang virus interferon 1 [5], 1am giam dap ung mién dich & ngudi. Do do,
viéc trc ché Mpro c6 thé ngan chan hiéu qua qua trinh sao chép va phién ma RNA cua virus 1a
mat chién lugc chdng virus quan trong.

Nhiing tac dong tan phéa niang né cua dai dich COVID-19 ddi véi sirc khoe cong ddng va nén
kinh té toan ciu di dat ra yéu cau cip bach vé viéc ché tao vaccine va kham pha céc loai thubc dé
ngan ngura va dleu tri can bénh nay. Méc du ¢6 hon 20 loai vaccine da duoc thu nghiém lam sang
va cap phep, Van con nhiéu thach thirc dé dat duoc hiéu qua tiém chang trén toan cau, chang han
nhu han ché vé san xuét, yéu cau bao quan, gia ca va tinh dic hiéu cua vaccin. Dac biét, su xuat
hién cua céc bién chung SARS-CoV-2 ¢6 kha ning lay lan nhanh va cé nguy co lam giam hiéu
qua cua c&c vaccin hién co. Vi vay, viéc gip rut nghién cau, tim ra céac loai thudc khang virus
nham khéng ché dich bénh 1a mot hudng tiép can can thiét va 1a mot nhu cau cip thiét.

Kham pha thudc duya trén sang loc a0 (VS — Virtual Screening) la mot trong nhiing chién lugc
hiéu qua c6 thé giup ich trong linh vyc phat minh va phat trién cac loai thuéc mai. Hién tai, cac
chién luge duoc sir dung dé tim cac loai thudc trong diéu tri COVID-19 tap trung vao (i) protein
hozc enzyme sinh tong hop tir virus, tham gia con dudng xam nhidm va nhan Ién cua virus, chang
han nhu protease chinh (Mpro) va RNA polymerase phu thuoc RNA (RdRp); (ii) cac muc tiéu
vat chu hodc virus, chang han nhu vung lién két thu thé (RBD) va enzym chuyén ddi angiotensin
I (ACE2). Mot s6 Nghién ctru gan déy sir dung cong cu tin sinh hoc va sang loc ao da chi ra dugc
mét s6 hop chét tiém ning trong khang virus SARS-CoV-2 tir cac co s& di lieu thube dugc cap
phép cua FDA hoic tir sang loc qua con dudng tin hiéu [6], [7] hodc tir mot s6 hop chat tu nhién
[8]-[10].

Viét Nam duoc biét dén nhu 13 qudc gia cua thao moc véi hon 5000 loai thuc vat va nim c6
cong dung lam thUOC [11]. Do d6, thao moc Viet Nam 1a mot ngudn tiém ning c6 thé khai thac dé
giai quyét nhu cau tim ra hop chat lam thudc khang SARS-CoV-2. SARS-CoV-2 di lay lan rong
trén toan thé gigi va gay ra mot méi de doa thuc su nghiém trong dbi véi sic khoe con ngudi. Cho
dén nay, van chua c6 bién phap hitu hiéu nao dé kiém soat dich COVID-19. Viéc phét trién cac loai
thudc chdng SARS-CoV-2 da trd thanh mét cong viéc cap bach trén toan thé gisi. Nghién ctu nay
c6 muc dich 4p dung phuong phap VS dé xac dinh cac chat ac ché protease Mpro tiém ning duoc
truy xuat tir co sé dir liéu cac hop chat cd ngudn gbc thao moc, du doan cac tinh chat gidng thudc,
hip thu, phan phdi, chuyén hoéa bai tiét va doc tinh (ADMET - Absorption, Distribution,
Metabolism, Excretion and Toxicity) dé sang loc ra cac chat wc ché méi c6 thé duoc sir dung nhu
cac chét dan tiém niang dé diéu tri lién quan dén bénh do nhidm corona virus.

2. Phwong phap nghién ciru
2.1. Xay dung thw vién cac hop chit c6 khd néng irc ché virus tir cac logi thao méc Viét Nam

Thu vién hop chit c6 kha nang khang virus tir thao moc dugc chon thdng qua cac nghién ctu
da co trude day. Cac nguon duoc su dung dé tim kiém cadc nghién cuau la NCBI, Nature,
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ScienceDrirect, Europe PMC, Hindawi, MDPI. CAu tric cua cac chat dugc ldy tir co s dit ligu
Pubchem, dinh dang sdf, luu trit tao thanh thu vién hgp chat.

2.2. Chudn bj protein

Céu trdc tinh thé cua protease chinh Mpro trong phuc hop véi chat e ché duoc lay tir Ngan
hang dit li¢u protein (PDB ID: 6LU7). Bong yeu to va cac phan ti nuéc da dugc loai bo, va
hydro dugc thém vao bang cach stir dung Discovery studio.

2.3. Sang lpc do va gdn két phan tie

Viéc sang loc ao dugc thuc hién bang AutoDock Vina. Cac tép duoc sir dung bao gém protein
dugc chuyén doi tir pdb sang pdbat va tép Config.txt duoc tao bao gdm tat ca théng tin can thiét
cho VS bang ADT, cé4c ciu hinh khac duoc coi 1a mic dinh. AutoDock 4.2 d3 duoc st dung
trong qua trinh Iap ghép; tham s6 ludi trung tam duoc chi dinh 1a 60-60-60 cho céc truc X-, y- va
z, twong (g voi khoang cach 0,375 A va nim ¢ trung tdm cua vi tri dang hoat dong. Mot trim
lan chay doc lap da duoc thuc hién cho mdi thir nghiém lap ghép. Nang luong lién két thap nhat
dugc chon cho mdi céu trc.

2.4. Dw dodn tinh chit dwoc dpng hoc ciia cac hop chdt tiém ning

Sau khi du doan duoc ning lugng lién két giita protein va hop chit, chon duoc 13 hop chét co
nang lugng lién két thap nhat. Tién hanh dyu doan doc hoc, duoc hoc cua 13 hop chat nay bang
cdbng cu PreADMET c¢o6 dia chi (https://preadmet.omdrc.kr/) va SwissADME tai dia chi
http://www.swissadme.ch/index.php.

2.5. Kiém tra twong tic giira protein va hep chdt bang cong cu PLIP

ﬂCﬁng cu PLIP (https://proiects.biotec,.tu—dresden.de/plip—web/plip) dugc sir dung md ta va
Kiém tra tuong tac gitra protein va hop chat.

3. Két qua va ban luan

3.1. Xay dung thw vign cac hep chdt tw nhién c6 khd néng e ché virus tir cac logi thdo mgc
Viét Nam

Str dung tir khoa “antiviral + plant + natural compound”, chung t6i tién hanh tim kiém trén céc
co so dit ligu 16n trén thé gioi, sau d6 chon loc cac cong bd co lién quan dén thyuc vat va kiém tra
su phan bé cua thuc vat d6 ¢ Viét Nam dya trén co s& dir liéu cua Trung tAm dit liéu thuc vat
Viét Nam (http://www.botanyvn.com/cnt.asp?param=edir&list=species). Két qua da tap hop va
xay dung thanh cong thu vién gom 320 hop chat c6 kha ning khang virus tir duoc liéu 1a thuc vat
Viét Nam.

Tir thu vién trén cho thiy, cac nghién ciru vé khang virus tir hop chit ty nhién trén cac ddi
tugng virus DNA phé bién nhu virus gdy viém gan B, virus Herpes Simplex (HSV-1), virus gay
u nha Human papillomavi (HPV) va cac loai virus RNA nhu virus gdy hoi chang suy giam mién
dich ngudi (HIV), virus cdm, virus viém gan C, viém gan A va virus gay bénh chan tay miéng,
virus Zika (ZIKV), virus Dengue (DENV), virus s6t vang da (YFV), viém ndo Nhat Ban, virus
West Nile (WNV) va dic biét 1a da co nhiéu nghién ciru vé kha ning khéng virus ho Corona nhu
Sars-Cov-2 cua thyc vat.

Kha néng khang virus cua hop chit ty nhién duoc xac dinh & nho cac co ché: (i) Chéng lai su
xam nhap cua virus; (i) tc ché sy phién m4, nhan 1én va giai phong virus; (iii) nham muc tiéu
lién quan dén té bao dich cua vat chu. Mot s6 nghién ctu cling chi ra kha néang khang virus qua
su tang cudng hé mién dich, ting cuong qua trinh tu chét té bao [12], [13]. Ngoai ra, mot s6 hop
chat con thé hién kha ning khang virus phd rong nhu Pandanin [14], Punicalagin [15], Celasdin
[16]. C4c chét c6 anh hudng dén cac chiic ning cua té bao, tinh tham cua mang va sy nhan Ién
cua virus di duoc phat hién bao gom: coumarin, flavonoid, terpenoit, hop chit organosulfur,
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lignans, polyphenol, saponin, protein va peptit c6 hoat tinh sinh hoc. Ddc bi¢t, steroid va
triterpenes ¢ nhiéu cac dac tinh khang vi-rit tiém nang nhu khang vi-rit HSV-1, viém gan B,
viém gan C, HIV1 va 2 [17], [8]. Danh sach cac hop chat va ngudn dugc liéu khang virus c6 thé
tham khao ¢ Phu luc 1.

3.2. Sang loc cac hep chdt te nhién c6 khd néing gan két véi protein Mpro cia Sars-CoV-2

Cong cu Autodock Vina 4.2 duoc st dung dé du doan niang luong lién két gitra protein va cac
hop chat trong thu vién. Tong cong 320 hop chéat da duoc sang loc, 13 hop chat 6 ai luc cao nhat
V6i protein dich duoc lya chon dé tiép tuc kiém tra tinh chat dong hoc va duoc hoc (Bang 1).
Ning luong lién két dugc dy doan thap nhét la cia Pyranoamentoflavone voi mic ning lugng -
11,6 keal/mol. Pay 1a mirc nang luong rat thap, thap hon ning luong lién két ciia mot sé nghién
ctru trude d6 voi ddi twong hop chét tir bién [18] (-9.,87), tir cac thude duoc chap thuan boi FDA
[19] (-8.7).

Bang 1. Nang luwong lién két du dodn ciia 13 hop chdt tiém néing véi Mpro

Tén hop chit Ning lwong lién két véi SARS- CoV-2 Mpro (kcal/mol)
Procyanidin B1 —-11,0
Procyanidin B5 -11,1
Pyranoamentoflavone -11,6
Amentoflavone -10,8
Robustaflavone —-11
Methyl 8,8a-dihydromorellate -10,6
Maytenfolone A -10,5
Celastrol —10,5
Cannabisin A -10,6
Rhusflavanone -10,5
Pomolic acid —-10,4
Beta-Amyrin -10,3
Isomorellic acid -10,3

3.3. Duw dodn tinh chit dwoc djc hoc ciia cac hep chdt tw nhién c6 khd ndng gdn két véi
protein Mpro cia Sars-CoV-2
Céc hop chat c6 &i luc cao voi Mpro tiép tuc duge danh gia tinh chat doc dugc hoc. Sir dung
cong cu SwissADME va PreADMET, tinh chat dong hoc, dugc hoc cua 13 hop chat tiém ning
dugc dy doan nhu trong bang 2 va bang 3.
Bang 2. Két qua du dodn tinh chdt dwoe déng hoc ciia hop chdt bang cong cu SwissADME
STT Tén hop chat 1D Pubchem

Cong cu SwissADME

Kha ning hoa tan
Tinh chit hoa 1y Tinh wa béo trong nwie Tinh tuong tu thude
MW (g/mol) | NRB | HBA | HBD | MR | TPSA |Hé s6 Log Po/w Lipinski Veber Muegge
1 Procyanidin B1 11250133 578.52 3 12 10 | 146.71220.76 1.37 Vira phai 0 0 0
2 Procyanidin BS 124017 578.52 3 12 10 [146.71 | 220.76 1.53 Vira phai 0 0 0
3 Pyranoamentoflavone 21582613 604.56 3 10 5 [169.07] 1708 479 Kém 0 0 0
4 Amentoflavone 5281600 538.46 3 10 6 [146.97| 1818 362 Kém 0 0 0
5 Robustaflavone 5281694 538.46 3 10 6 [146.97 1818 362 Kém 0 0 0
6 | Methyl 8,8a-dihydromorellate| 45268013 576.68 6 8 1 1588510836 4.95 Kém 1 1 0
7 Maytenfolone A 11798592 470.68 0 4 1 |134.73| 636 5.28 Kém 1 1 0
8 Celastrol 122724 450.61 1 4 2 |131.29| 746 5.12 Kém 1 1 0
9 Cannahisin A 15086398 549.61 11 8 8 166.1 |179.58 3.82 Kém 0 0 0
10 Rhusflavanone 466314 542.49 3 10 6 |142.14)173.98 32 Kém 0 0 0
11 Pomolic acid 382831 472.7 1 4 3 |138.11] 77.76 5.14 Kém 1 1 0
12 beta-Amyrin 73145 42672 0 1 1 [13488] 20.23 718 Kém 1 1 0
13 Isomorellic acid 9915833 560.63 5 8 2 |154.06(119.36 4.69 kém 1 1 0
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Bang 3. Két qua du dodn tinh chdt dwoc dong hoc cua hop chat bang cong cu PreADMET

STT Tén hop chit D Pubchem

Cong cy PreADMET

Dy doin ADME Dy dodn dje tinh
Liénket voi | Swxim nhip cia B N PRSP S Kh ning gdy ung | Khé ning gdy ung
protein huyét | rao cin méu ndo SL;r ha}) thy dwl:g T"gl thazm cua/ (€ bio Dic tinh Ames | Su izc ché gen hERG | th dbi véi chudt | thur di véi chujt
twong (%) | ([Nao]/ [Meéu]) rudt cia ngudi (%) ac02 (nm/sec) chng o
1 Procyanidin B1 11250133 100 00649419 19.510403 13.6793 khong cao khong ¢
2 Procyanidin BS 124017 100 00557739 19.506944 12.8789 khong cao khong ¢
3 Pyrar 21582613 100 0272184 89.802066 10.1414 khong trung binh khoing khoing
4 Amentoflavone 5281600 100 0.118254 81199369 128731 ) trung binh khong khong
5 Robustafl 5281694 100 0.122688 81.196398 12.0431 0 trung binh khong khong
6 Methyl 8 8a-dihydromorellate| 45268013 | 90.158354 0049021 97.679992 333155 khong trung binh khong khong
7 jtenfolone A 11798592 100 2922 96.048263 232782 khong thip khong c6
8 Celastrol 122724 100 0981247 96.426675 21.2536 khong thip khong khong
9 Cannabisin A 15086398 | 96.609388 0.268511 80.415155 20.8995 [} trung binh 0 ¢
10 Rhusflavanone 466314 100 0130071 78.604152 110796 khong trung binh o c6
1 Pomolic acid 382831 98.520583 2.8481 94.276898 21,4097 khong thip khong khong
12 beta-Amyrin 73145 100 21.25 100 46.75 khong thip khong khong
13 Isomorellic acid 9915833 90.19666 0.024678 98.282034 14.092 [ trung binh 0 khong

T bang 2 va 3, c6 4 hop chat 1a Maytenfolone A, Celastrol, Pomolic acid, Beta-amyrin c6
khdi lugng phan tir < 500 g/mol va 4 hop chat nay déu co tinh giéng thudc theo nguyén tic cua
Lipinski. S6 lién két quay dwoc & céc hop chat hau nhu rat it, chi c6 2 hop chat 1a Methyl 8,8a-
dihydromorellate va Cannabisin A c6 sé lién két quay > 5. Hé sb Log Po/w 1y twéng nam trong
khoang 1,35 - 1,8. Theo bang 2, chi c6 2 hop chit nam trong khoang nay Ia procyanidin B1 va
procyanidin B5. Kha ning hoa tan trong nuéc cua 13 hop chat chi nim trong khoang tan vira dén
kém tan, ddy ciing chinh 13 nhugc diém cua 13 hop chét nay. Ty 1& lién két véi protein huyét
tuong ctia cac hop chat 1a rat cao (hon 90%), diéu nay cho thay rang néu cac hop chét nay duoc
chon dé lam thudc thi tc dung ddi véi co thé s& rat cham mac do su hép thu qua duong ruot déu

& muc cao (ngoai trir 2 hop chat procyanidin B1, procyanidin B5) va tinh tham té bao Caco2 ¢
muc vira phai. Do do, déy 1a tinh chat can dwoc quan tdm va cai thién néu dwa cac hop chit nay
VAo viéc phét trién thudc. C6 4/13 chit duoc du doan co kha nang gy doc tinh Ames. Kha ning
rc ché gen hERG phan b tir thap dén cao véi 13 hop chit. C6 2 hop chét duoc du doan c6 kha
ning gay ung thu & ca chudt nha va chudt ddng la Cannabisin A va Rhusflavone.

3.4. Thdo lugn

Dé xép hang cac hop chat tiém ning, cac tiéu chi danh gia dugc cho diém theo thang diém
nhu trong Phu luc 2. Két qua chdm diém 13 hop chat tiém ning dwoc thé hién trong Bang 4. Cac
hop chat c6 diém sé cao nhat bao gdm: Pyranoamentoflavone, Maytenfolone A, Celastrol va
Pomolic acid. Hop chat Maytenfolone A c¢6 bing ching gay ung thu chudt nha nén khéng tiép
tuc xem xét.

Hop chit Pyranoamentoflavone co ning luong lién két véi SARS-CoV-2 3CL pro 1 -11,6,
diéu nay chang té phuac hop Mpro- Pyranoamentoflavone sé rat bén viing. Pyranoamentoflavone
va protein Mpro ¢6 9 tuong tac ki nudc va 4 lién két hydro. Hop chat c6 kha nang duoc hap thu
t6t qua duong ruot, khong c6 doc tinh Ames va da dugc ching minh khong gy ung thu cho
chudt nha va chudt dong. “Tuy nhién, hop chat nay kém tan trong nudc, chua dat nguyén tic
Lipinski (khdng co tinh gidng thudc) va kha nang lién két vai protein 1a téi da nén tac dung doi
V6i co thé s& con cham. Amentoflavone 1a thanh phan cua cdy Bach qua (Ginkgo biloba L). Cac
cay khac nhu Chamaecyparis obsusa (ho Hoang dan) va cay Ban au (Hypericum perforatum L.
va cay MU u (Calophyllum inophyllum L ) ciing dugc biét 1a c6 chira cac hop chat nay. Dac biét
nghién ctu cua Ryu va cong su cho thiy, Amentoflavone cé trong cay théng tring (Torreya
nucifera (L.) &c ché SARS-CoV Mpro [10] bang céch tc ché chit tc ché cathepsin B va virus
cim NA. Mot hop chét twong tu khac 1a Biflavone amentoflavone dugc xac dinh 1a chat wc ché
Mpro manh théng qua lap rép phan ti [10].
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Bang 4. Diém danh gia 13 hop chat tiém néng sang loc tir thu vién cac hop chat ti nhién

SIT Tén hop chit IDPubchem Binding energy i i
Cong cu SwissADME (Cong cu APTeADMET
Tabm Tinh chit twvng ty thuie D doin ADME D doin dic tizk
[ | g L TONG BIEM
Hé boa tan kit @ Sy vim nhip ciia Swkip lh,l'l Tinhthimciia | Bjc | Syic | Khinminggiv | Khining iy
tromg | | protein - . | dwmgruot | . z £ o Fag
Log i LipinskiVeber |Muegge! oyl | PO CAmimio | agmii tebao Cacol | tinh | che gen | ung thw dql v | ung thr doi véi
Pow - [Nio] / [Min] (am‘sec) | Ames | BERG | chuitcing chujt nhi
twong (%)
™)
1 Procyanidin B1 11 1 1 0 0 0 0 0 0 1 1 0] 1 0 16
2 Procyanidin BS 12 1 1 0 0 0 0 0 ] 1 1 0 1 0 17
3 Py 13 | 0 0 0 0 0 0 1 2 1 1 1 1 1 n
4 10 0 0 0 0 0 0 1 1 1 0 1 1 1 17
5 5 11 0 0 0 0 0 0 1 1 1 0 1 1 1 18
6 | Methyl 8 8a-dilvdromorellate | 43268013 9 0 0 1 1 0 0 0 2 1 1 1 1 1 18
7 A ] | 0 0 1 1 0 0 2 2 1 1 2 1 ] 19
8 Celastrol 8 | 0 0 1 1 0 0 1 2 1 1 2] 1 1 1
9 Cannabisin A 9 0 0 0 0 0 0 1 1 1 0 1 0 0 14
0 Rhusflavanone 8 0 0 0 0 0 0 1 2 1 1 1 0 0 14
11 Pomolic acid 7 | 0 0 1 1 0 0 2 2 1 1 2 1 1 19
1 beta-Amyrin 6 0 0 1 1 0 0 1 1 1 1 ) 1 1 18
13 Isomorellic acid 6 0 0 1 0 0 0 2 1 0 1 0 1 13

bang PLIP va biéu dién trong PyMOL.

Mb hinh tuong tac gitta Pyranoamentoflavone va Mpro duoc thé hién trong hinh 1 va bang 5.

Hinh 1. Mé hinh tuwong tdc giira Pyranoamentoflavone va SARS-CoV-2 Mpr

Nghién ctu gan két phan tir cia Pyranoamentoflavone va SARS-CoV-2 Mpro bang AutoDock
Vina, biéu dién bang PyMOL. (Tréi) Ché do lién két véi Pyranoamentoflavone (mau tim) duoc
gan két vao SARS-CoV-2 Mpro (mau xanh la cay). (Phai) Tuong tic cta gbc axit amin voi
Pyranoamentoflavone bang lién két ki nuéc (mau xanh) va lién két hydro (mau vang) thuc hién

Bang 5. Vi tri va ddc diém twong tac giira Pyranoamentoflavone va SARS-CoV-2 Mpro

SOTT Vi tri don phén Axit amin Khoang cach (A) Loai twong tac
1 3266 PHE 3,65 Ki nuéc
2 3268 LYS 3,75 Ki nuéc
3 3545 LEU 3,38 Ki nuéc
4 3549 LEU 3,82 Ki nuéc
5 3551 GLU 3,50 Ki nuéc
6 3553 GLU 3,98 Ki nugc
7 3268 LYS 3,07 Hydro
8 3400 LYS 3,2 Hydro
9 3470 TRP 3,68 Hydro

10 3550 LEU 2,44 Hydro

Hop chit pomolic acid c6 nang lugng lién két voi SARS-CoV-2 3CL pro la-10.4, c6 6 tuong
tac ki nudc va 2 lién ket hydro (Hinh 2, Bang 6). Hop chat nay dugc du dodn khong c6 doc tinh
Ames, hap thu tot qua duong rudt, sy ac ché gen hERG ¢ murc thap, khong gy ung thu ¢ chudt
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dong, chudt nha va co dic tinh gidng thudc theo nguyén tic cua Lipinski. Pomolic acid 1a mot
triterpenoid loai ursane pentacyclic va dugc coi 1a dan xuit 9-hydroxy cua axit ursolic. Day 1a
hop chat dwoc tim thiy trong cdy Huong nhu tia (Ocimum sanctum), cdy Hoan ngoc
(Hemigraphis glaucescens) ¢ Viét Nam. Pomolic acid va hop chat tuong ty né nhu axit
oleanolic, axit ursolic dugc bdo céo la cd hoat tinh khang virus HIV, virus viém gan B va C[76].
Pomolic acid dugc trich ly tir Rosa woodsia (Rosaceae) va Hyptis capitata (Labiatae). Cac
nghién cttu cho thay axit pomolic cling 6 thé lam giam chung phu chan do carrageenan ¢ chudt,
diéu nay cho thiy hoat dong chong viém manh va tic ché san xuat mterleukm 1P in vivo.

Hinh 2. M& hinh tuwong tac giza Pomolic acid va SARS-CoV-2 Mpro

Nghién ciru gan két phan tir cua Pomolic acid va SARS-CoV-2 Mpro bang AutoDock Vina,
biéu dién bang PyMOL. (Trai) Ché d¢ lién két véi Pomolic acid (mau tim) dugc gan két vao
SARS-CoV-2 Mpro (mau xanh 1a cay). (Phai) Tuong tac cua gdc axit amin voi Pomolic acid
bang lién két ki nudc (mau xanh) va lién két hydro (mau vang) thuc hién bang PLIP va biéu dién
trong PyMOL.

Bang 6. Vi tri va dic diém twong tdc giira Pomolic acid va SARS-CoV-2 Mpro

SOTT Vi tri don phan Axit amin Khoang cach (A) Loai twong tac
1 3266 PHE 3,40 Ki nudc
2 3268 LYS 3,72 Ki nudc
3 3545 LEU 3,62 Ki nuéc
4 3551 GLU 3,3 Ki nuéc
5 3554 PHE 3,58 Ki nuéc
6 3470 TRP 2,37 Hydro

Hop chit Celastrol c6 nang luong lién két véi SARS-CoV-2 3CL pro 1a -10,5, c¢6 6 tuong tac
ki nudc va 2 lign két hydro (Hinh 3, Bang 7). Puoc du doan c6 kha ning hap thu tét qua duong
rudt, khong co doc tinh Ames, khong c6 bang ching gy ung thu ¢ chudt déng, chudt nha va co
tinh giéng thudc theo nguyén tic Lipinski. Celastrol dwgc phét hién 1a mot trong nhitng loai
thuéc phu hop nhét cé thé han ché su giai phong cac hat virion va sy tiét 1L-6 cua cac té bao bi
nhiém SARS-CoV-2. Hién tai, ca nghién ciu tinh toan va thuc nghiém da chirg minh nhiing
phat hién caa mot nghién ciu trude diy, nghién ciru nay da khang dinh tinh hiéu qua cua
celastrol nhu mot loai thudc manh dé diéu tri COVID-19 [9]. Hop chat Celastrol dugc tim théy 4]
cay Day gbi tron (Celastrus orbiculatus), Thanh giang dang (Celastrus Hindsii), Lai cong thang
(Tripterygium wilfordii). Co ché dugc ly cua celastrol 1a khang viém thong qua uc ché céc
cytokine tién viém nhu IL-6, IL8 va MCP-1, lam giam dang ké sy phosphoryl héa ctia con duong
NF-kB[20]. Celastrol dd duoc nghién ctu vé hoat dong uc ché caa SARS-CoV-2 3CLpro.
Celastrol da dugc béo céo cd kha ning e ché SARS-CoV Mpro hon 70% & 30 pg/ mL. Celastrol
hoat dong nhu mot chat ac ché SARS-CoV Mpro vi cau tric cua quinone-methide triterpenes c6
tac dung chdng viém.
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Hinh 3. Mb hinh tuong tdc giira Celastrol va SARS-CoV-2 Mpro

Nghién ciru gin két phan tir cua Celastrol va SARS-CoV-2 Mpro bang AutoDock Vina, biéu
dién bang PyMOL. (Trai) Ché do lién két véi Celastrol (mau tim) dugc gan két vao SARS-CoV-
2 Mpro (mau xanh la cay). (Phai) Tuong tac cua gbc axit amin véi Celastrol bang lién két ki nudc
(mau xanh) va lién két hydro (mau vang) thuc hién bing PLIP va biéu dién trong PyMOL.

Bang 7. Vi tri va ddc diém twong tac gitra Pomolic acid va SARS-CoV-2 Mpro

S6 TT  Vitridon phan  Axit amin Khoang cach (A)  Loai twong tac
1 3266 PHE 3,76 Ki nudc
2 3267 ARG 3,56 Ki nudc
3 3268 LYS 3,64 Ki nudc
4 3545 LEU 3,58 Ki nudc
5 3545 LEU 1,0 Hydro
6 3547 SER 3,40 Hydro
7 3470 TRP 3,68 Hydro

4. Két luan

Trong nghién ctru nay, VS va phan tich twong tac phén tir da dugc ap dung thanh cong trong
viec xac dinh cac chat tc ché dbi voi Mpro cua SARS-CoV-2. Ba hop chat la
Pyranoamentoflavone, Pomolic acid, Celastrol thé hién &i luc cao véi Mpro. Ba hop chéat nay
cling dap wng qua quy tic 5 cua Lipinski va c6 kha ning 1a thudc hoat dong bang duong udng.
Cac hop chét trén dugc tim thiy trong chiét xuét cua cac loai thao dugc ¢ ¢ Viét Nam, do d6 co
tiém nang khai thic dé ché tao thuéc khang virus SARS-CoV-2 ngan ngira bénh COVID-19. Viée
ap dung VS va gan két phan tir c6 thé 1am giam dang ké chi phi tong hop va san xuat thude, dong
thoi cung cap bang chtng cho cac tuong tac cua hop chat da xac dinh v6i Mpro dich. Tuy nhién,
dé c6 thé ap dung trong thuc té, can thiét thuc hién cac nghién ctiu thuc nghiém (in vitro va in
vivo) dé xac nhan tac dong cua cac hop chat nay trong viéc diéu tri bénh do SARS-CoV-2 gay ra.
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