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TOM TAT

COVID-19 da tra thanh dai dich toan cau va hién van dang bung phat tai nhiéu quéc gia trén thé
gidi do su xudt hién clia cac bién chiing mai. Nhiéu loai vaccin an toan va hiéu qua da dugc cap
phép nhung khéng xéa sé dugc dai dich ma chi gitp lam gidm ti 1& bénh nhan chuyén nang va
t&r vong do COVID-19. Nhiéu quéc gia da chon bién phap séng chung véi dich bénh va ma clia
bién gidi va nén kinh té. Tuy nhién, su xudt hién clia cac bién chiing dang lo ngai mai nhu Delta
hay Omicron da gitp virus tranh khéi su bao vé clia vaccin va lam cho dich bénh van tiép tuc dién
tién phic tap. Nhing thuc trang noi trén lam cho nhu cau phat minh thudc khang virus trén nén
cap thiét. Cac thudc khang virus hién nay tré thi trudng bao gém hai hudng tiép can chinh, bao
gobm céc khang thé do dong tac dong dac hiéu 1é protein gai (protein ) clia virus va cac thudce hoé
dugc phéa tirnhé. Tuy nhié , cac khang thé do dong van tén tai mét s6 nhuge diém nhu st dung
duong tiém véi chi phi cao va su dé khang nhanh chong clia virus do kha ang tich tu dot bién tré
vling gén két thu thé ctia protein cla virus. & chiéu hudng ngugc lai, cc thudc hoa dugc pha ti
nho ngay cang cé dugc su quan tam do kha dng st dung dudng uéng, gid han ché cac tac dung
phu cla dudng tiém va kha ang tdc dong dac hiéu vao cac enzym ndi ao cla virus, qua dé duy tri
tac dong Uc ché véi cac bién chling mdi. Bai téng quan nay gidi thiéu qué trinh kham phé va phat
trién, co ché tac déng, cac thi nghiém lam sang da dugc thuc hién va tinh trang phé duyét ctia

mot s6 thude khang SARS-CoV-2 cé cdu trdc phan ti nho.
Tu khoa: COVID-19, thuéc khang virus, phan t& nhé, kham pha thudc, thir nghiém lam sang
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Tinh hinh dich bénh

COVID-19 1a bénh viém dudng ho hép cép giy ra bdi
mot loai betacoronavirus méi mang tén SARS-CoV-
2. K& tit khi bung phat tai thanh phé Vi Hén, Trung
Quoc va lan ra toan cdu, COVID-19 da gay ra nhiing
tdc dong sau sdc dén cudc séng ctia con ngudi va lam
tén thuong nghiém trong dén nén kinh t€ toan cau.
Theo béo cdo ctia TG chiic Y t&€ Thé gisi (WHO) tinh
dén ngay 05/07/2022, trén toan cau da c6 hon 546
triéu ca nhiém COVID-19, trong d6 c6 gin 6,2 triéu
ca tii vong'. Tai Viét Nam tinh dén ngay 05/07/2022,
Cdng thong tin cta B Y té€ vé dai dich COVID-19
da bdo cdo 10.749.324 ca nhiém trén toan qudc véi
43.088 ca tli vong .

Cau truc cta virus va con dudng bénh sinh

SARS-CoV-2 1a virus c6 16p vo déc trung bdi cac pro-
tein gai c6 hinh dang giong chiéc viong mién va cé
bod gen ARN sg¢i don duong. V€ mit ciu truac, hat
virus bao gém cdc protein chinh: protein gai (S), pro-
tein vo (E), protein mang (M) va nucleocapsid protein

(N). Bén canh d6, virus con cé cc protein khong cdu
triac khdc nhu céc enzym 3-chymotrypsin like pro-
tease (3CLpro), papain like protease (PLpro), ARN
polymerase phu thuéc ARN (RdRp) gitp virus nhan
1én trong t& bao ky chu.

SARS-CoV-2 sti dung protein S trén bé mit d€ gan két
v6i enzym chuyén angiotensin 2 (ACE2) clia ngudi
nhu moét thy thé x4m nhap véi su hd trg cha pro-
tease serin TM loai 2 (TMPRSS2) ®. Sau khi xdm nhap
vao cdc té€ bao duong ho hdp, ribosom cta té bao ky
chti sé dich ma sgi ARN thong tin cia SARS-CoV-2
dé tdng hop ra cdc protein cdu truc (S, M, E, N) va
khong ciu truc d€ dam bao céc hoat dong tiép theo
ctia virus. Cac protease nhu 3CLpro va PLpro ¢ vai
tro phén cat cdc polyprotein dugc dich ma tit bo gen
ctia virus. Sau do, enzym RdRp dugc st dung d€ téng
hop moét sgi ARN 4m dong vai tro khuoén mau dé
tiép tuc téng hop cdc sgi ARN duong con cho cdc thé
hé virus méi. Quad trinh 13p rdp cdc thanh phan cdu
tric cta virus dugc thuyc hién tai khoang trung gian
reticulum-Golgi. Cudi cung, céc hat virus méi vin
chuyén dén bé mit t€ bao trong cc tui va dugc giai
phéng bdi qua trinh exocytosis .

Trich dan bai bao nay: Tan M T, Phong L T, Tran D N B, Nghia L V T, Minh T K, Pao T T, Hién N M, Vinh N
P, Tri L M. Thuéc khang virus cau tric phan t& nhé trong diéu tri COVID-19: Qua trinh kham pha, co
ché tac dong va thir nghiém lam sang. Sci. Tech. Dev. J. - Health Sci.; 3(2):481-494.
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Cac dich tac déng tiém nang

Céc protein noi trén c6 vai trd quan trong d6i véi vong
doi cia SARS-CoV-2 va la nhiing dich tac dong tiém
néng cho thudc khang loai virus nay. Su hiéu biét vé
cac dich tac dong ciing nhu cic thudc khang virus
phén tt nhé dong vai tro quan trong trong viéc tim
ra cac thudc va vaccin méi c6 hiéu qua t6t hon. Pro-
tein S 1& muc tiéu chinh ctia cac khéng thé trung hoa
virus, vaccin ciing nhu céng nghé xét nghiém khing
nguyén (test nhanh). 3CLpro, PLpro va RdRp la muc
tiéu chinh ctia cic ting vién thudc phan t nho ¢ tac
dong khang virus.

Phuong phap tim kiém

Bai tong quan nay trinh bay qua trinh kham pha va
phat trién, co ché tic dong, cac két qua thu nghiém
tién 1am sang va lam sang cfing nhu tinh trang phé
duyét ctia mot s6 thudc khang virus SARS-CoV-2 ciu
tric phan ti nho dang dugc cdp phép bsi FDA (Hoa
Ky)° va khuyén c4o stt dung trong phéc dé diéu tri ctia
Vién Y hoc Hoa Ky (NTH) © va ciia BO Y t€ Viét Nam”.
Co s¢ di liéu tim kiém trén y vin bao gom co s§ dit
liéu PUBMED, cac thong cdo bao chi va cdp phép su
dung ctia FDA, cac két qua thii nghiém lam sang trén
trang thong tin clia cac cong ty Dudc va trén co s6 di
liéu vé thii nghiém lam sang ClinicalTrials.gov. Tom
tat vé hoat chét, té thuong mai va chi dinh dugc cép
phé ciing nhu co quan cdp phé cac thudc khang SARS-
CoV-2 cdu tric phé t nho dugc thé hién tai Bang 1.

PAXLOVID (NIRMATRELVIR VA
RITONAVIR)

Lich si phat trién - cau tric héa hoc
PF-00835231 va tién dugc 1a PF-07304814 (c4u trac
& Hinh 1A) la nhiing chét tic ché tiém ning in vitro
ctia 3CLpro & cic loai coronavirus. Cac hgp chat nay
dugc phat trién d€ diéu tri bénh SARS nam 2003. Khi
SARS-CoV-2 xuit hién, két qua phan tich bd gen cho
thédy enzym 3CLpro ctia n6 tuong déng 96% véi 3CL-
pro cia SARS-CoV. Cac thii nghiém tién 14m sang cho
thay PF-00835231 (dugc st dung & dang tiém hodc
truyén tinh mach) c6 hoat tinh khang virus manh doi
v6i SARS-CoV-2. Dén chit st dung bang dudng uéng
clia n6 1a nirmatrelvir (c4u triac & Hinh 1B) ¢4 thé tic
ché khong chi v6i enzym protease ctia virus ma con
v6i enzym protease ctia vét chu, dan dén hiéu tng
dong van véi hiéu qua 1am sang vugt troi.

Coché tac dong

PAXLOVID (phéi hgp ti1é 3:1 ctia nirmatrelvir va ri-
tonavir) 1a mot ché phdm khang virus bang céch tc
ché enzym 3CLpro cua SARS-CoV-2, dugc thiét ké
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dac biét d€ dung bang dudng udng. Thudc dugc ké
don ngay khi c6 d4u hiéu nhiém hodc phoi nhiém
nhim gitp bénh nhén tranh chuyén bién ning co thé
dan dén nhap vién va tt vong. Viéc dung phéi hop véi
ritonavir liéu thdp giup lam chdm qua trinh chuyén
héa hodc phén hay ctia nirmatrelvir, gitp thuéc ton
tai & dang c6 hoat tinh v6inong d6 cao va thoi gian dai
trong co thé. Nirmatrelvir Gc ché sy nhén 1én virus &
giai doan thuy phan tao thanh cdc protein chtic ning
va protein ciu tric tli cac polypeptid dugc dich ma
ban ddu, xdy ra trudc qué trinh nhan ban ARN cua
virus®. Ciu tric tinh thé ctia phtic hgp 3CLpro véi
chét tGc ché nirmatrelvir dugc minh hoa & Hinh 2,
trong do6 hoat chat nay tao lién két cong hoa tri véi
Cys145.

Thi nghiém tién lam sang

Trong céc thit nghiém tién lam sang, chua c6 bang
chiing cho thdy nirmatrelvir gay dot bién ADN !0,
Thi nghiém in vitro trén té€ bao Vero E6 cho thdy
nirmatrelvir 1a chat tic ché 3CLpro ctia SARS-CoV-2
manh nhét, véi ECs5y = 74,5 nM 1

Thir nghiém lam sang

Tht nghiém lam sang pha II/III d6i ching ngiu
nhién, mu doi dugc thuc hién bégi Pfizer tii thang 7
dén thdng 12 nam 2021 d€ danh gid kha nang tic ché
protease cia COVID-19 & 2246 bénh nhén tii 18 tudi
trd 1én c6 ma s6 ClinicalTrials.gov NCT04960202 2.
Nguoi tham gia di dugc chin dodn xdc dinh mac
SARS-CoV-2 trong vong 5 ngay, cé it nhat mét triéu
chting va mot yéu t6 nguy co cé thé trd ning. Cac
bénh nhan dugc chia ngau nhién thanh ti1é 1:1 thanh
2 nhém dung PAXLOVID hoiéc gia dugc duong uéng
mbi 12 gid trong 5 ngay. Két qua cho thdy nguy co
nhép vién hoic ti vong do COVID-19 hodc do bat cti
nguyén nhén nao khdc giam 88,9% va 87,8% so véi
bénh nhin dung gid dugc tiép nhén chiia tri trong
vong 3 ngay va 5 ngay tii khi ¢6 triéu chiing, khong
6 ca tli vong nao dugc ghi nhan ¢ nhém bénh nhin
dung thudc. Ngoai ra, mot s6 thu nghiém lam sang
khac nhu thit nghiém pha II/III dugc thiét ké ngau
nhién, mi doéi d€ ddnh gid kha ning tc ché enzym
protease cia COVID-19 ¢ bénh nhén ¢ nguy co thdp
(mi s6 NCT05011513) '3 va bénh nhan du phong sau
phoi nhiém (mi s6 NCT05047601) '* 1an lugt bit ddu
vao thdng 8 va thang 9 ndm 2021 va hién van dang
trong qua trinh tién hanh.

REMDESIVIR

Lich st phat trién - cau tric héa hoc
Remdesivir (GS-5734) la hgp chét dugc tim thdy tu
mot thu vién thudc khang virus phén tt nho va duge
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Hinh 1: C4u tric hoa hoc ctia (A) PF-07304814 va (B) nirmatrelvir (PF-07321332).

Hinh 2: Phuc hgp ctia 3CLpro (mau xanh |6) véi chat tc ché protease nirmatrelvir (cau tric c6 nguyén t carbon
mau dd) - ma PDB: 7VH8°.

Hinh 3: C4u tric héa hoc cua (A) remdesivir & dang tién dugc phosphomirat va (B) remdesivir & dang remdesivir
triphosphat (RTP) cé hoat tinh.
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Bang 1: Tém tat cac thudc khang virus SARS-CoV-2 ciu tric phan ti nhé dang dugc sit dung trong diéu tri

COVID-19 hién nay.

Hoat chat
(Tén thuong mai néu c6)
Cong ty san xuét

Nirmatrelvir/ritonavir
(PAXLOVID)
Pfizer

Remdesivir
Gilead Sciences

Molnupiravir
Ridgeback Biotheurapeutics - Merck
& Co.

Chi dinh dugc cdp phép

biéu tri bénh nhan COVID-19 c6
triéu ching nhe va trung binh, c6
nguy co tién trién ning.

biéu tri bénh nhan nhip vién vi
COVID-19

biéu tri bénh nhan COVID-19 c6
triéu ching nhe va trung binh, c6
nguy co tién trién ning.

Co quan cdp phép

FDA (Hoa Ky) - EUA
Viét Nam

EMA (Chau Au)
MHRA (Anh)

FDA (Hoa Ky)
Viét Nam

EMA (Chau Au)
MHRA (Anh)

FDA (Hoa Ky) - EUA
Viét Nam
EMA (Chau Au) - trong qud trinh xin

Favipiravir
Toyama Chemical

Diéu tri bénh nhan COVID-19 c6
triéu chiing nhe va trung binh.

cdp phép thuong mai
MRHA (Anh)

Viét Nam

Y (muc dinh nghién ctiu)
Nga

Anbo

thiét k& d€ tc ché sy nhan ban cta virus ARN gay
bénh. Thudc dugc chiing minh cé hoat tinh khang
nhiéu loai virus ARN in vitro. Khi dich Ebola buing
phat ndm 2014, thii nghiém trén khi Rhesus nhiém
bénh cho thdy remdesivir c6 tiém ning chdng lai
virus nay. Tuy nhién khi thtt nghiém trén nguoi, két
qua thtt nghiém 14m sang pha III cho thdy thu6c c6
hiéu qua kém hon nhiéu so véi mét loai khang thé
don dong va do d6 dy an da bi diing lai'>. Remde-
sivir 1a dang tién dugc phosphoramidat ctia dan xuit
adenosin nucleotid (Hinh 3A), sé dugc bién d6i thanh
dang remdesivir triphosphat (RTP) cé hoat tinh trong
co thé (Hinh 3B).

Co ché tac dong

Remdesivir tic ché enzym RdRp cé & SARS-CoV-2
béng cich canh tranh v6i co chét ty nhién adenosin
triphosphat (ATP) ctia enzym. Céc nghién ctu hoa
sinh cho thdy RdRp c6 thé diing remdesivir triphos-
phat (RTP) nhu moét chét nén ro6i két hgp remdesivir
monophosphat (RMP) vao chudi ARN khi chudi nay
dang dugc tong hop. Sau khi két hgp v6i RMP, RdRp
chi c6 thé tiép tuc bd sung thém 3 nucleotid niia trudc
khi thu6c lui lai roi va vao acid amin Ser861 nam trong
trung tim hoat dong clia enzym va giy tic nghén,
khién RdRp khong thé két hgp vé6i nucleotid tiép theo
va din dén két thuc qua trinh sao chép ARN!®V,
Céu trac ctia phiic hgp RdRp/nsp7/nsp8 va ARN véi
su hién dién cta remdesivir monophosphat da dugc
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chup béng kinh hién vi dién tt nghiém lanh va minh
hoa & Hinh 4.

Thi nghiém tién lam sang

Nam 2020, cic thtt nghiém in vitro va tién lam sang
in vivo trén mo hinh dong vat cho thiy remdesivir c6
hiéu qua tri liéu d6i v6i SARS-CoV-2 va céc coron-
avirus khac. Nghién ctiu khao sat hoat tinh khéng
virus in vitro trén t€ bao Vero E6 dugc dinh lugng
bing phuong phap qRT-PCR cho thdy remdesivir 1a
chat khang virus SARS-CoV-2 ¢6 tiém ning nhét véi
ICs59 = 0,77 mM '°.

Thi nghiém lam sang

Céc thtt nghiém lam ang c6 st dung remdesivir
bao gom pha nghié ctiu, tiéu chuin lya chon va
s6 lugng bénh nhé tham gia thi nghiém dugc tom
tat tai Bang 2. Tht nghiém lam sang pha III ngiu
nhién, mt d6i, d6i chiing véi gia dugc mang s6 hiéu
NCT04280705 thuyc hién bsi Vién Di ting va Bénh
truyén nhiém Qudéc gia Hoa Ky (National Institute of
Allergy and Infectious Diseases — NIAID) ti thang 2
dén thang 5 ndim 2020 nham danh gia mdc do an toan
va hiéu qua ctia remdesivir trén 1062 bénh nhén nhap
vién vi COVID-19 va c6 bang chiing nhiém trung
dudng ho hip dusi?’. Két qua cho thiy bénh nhin
dung remdesivir c6 thdi gian cai thién vé lam sang
nhanh hon so véi nhém dung gid dugc, thoi gian
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Hinh 4: Phic hgp cta RdRp/nsp7/nsp8 (mau trdng/cam/vang) véi doan ARN c6 su hién dién cla remdesivir
monophosphat (vang) dugc minh hoa ti protein c6 ma PDB 7L1F '8,

Bang 2: Tém tat cac thir nghiém 1am sang cta remdesivir dugc dé cap trong bai.

Ma s6

Nhém  nghién
cliu
NCT04280705
NIAID
NCT04292730

Gilead Sciences

NCT04292899
Gilead Sciences

Loai thtt
nghiém

Thoi gian

Pha III, mu
doi

2-5/2020

Pha III, nhan
mé
3-4/2020

Pha III, nhan
mé
3-4/2020

S6

bénh nhan

1062

584

397

boi tugng

Bénh nhén nhap
vién, c6 béng
chiing nhiém
tring duong ho

hép duéi.

Bénh nhén nhap
vien mtc do
trung binh.

Bénh nhén nhép
vién miic d6 ning
khong can tho
may.

Két qua

Trung binh thdi gian cai thién vé lam
sang ctia nhém dung remdesivir (10 ngay)
nhanh hon so v6i nhém diing gid dugc (15
ngay).

O ngay thi 15, ti 1& ti vong cdia nhom
duing remdesivir la 6,7% va la 11,9% d6i
v6i nhom dung gia dugc (theo udc tinh
Kaplan-Meier).

Vao ngay thii 28, c6 9 bénh nhén tt vong: 2
(1%) trong nhém diing remdesivir 5 ngay, 3
(2%) trong nhém diing remdesivir 10 ngay
va 4 (2%) trong nhom khong dung thude.
Ti 1 cai thién triéu chiing lam sang cua
nhoém dung remdesivir trong 5 ngay cao
hon so v6i nhém khong dung thudc.
Khong c6 khéc biét c6 y nghia thong ké gitia
hai nhém bénh nhan dung thudc 5 ngay va
10 ngay.

485



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Sirc khée 2022, 3(2):481-494

phuc hoi trung binh 1a 10 ngay d6i véi nhém c6 dung
remdesivir so v6i 15 ngay ciia nhém dung gia dugc.
Thtt nghiém lam sang pha III nhan md&, déi ching
ngau nhién, da trung tdm (ma s6 NCT04292730) thuc
hién boi Gilead Sciences tii thang 3 dén thang 4 nam
2020 trén 564 bénh nhan nhép vién vi COVID-19
muc d¢ trung binh?'. Thu nghiém nhidm muc dich
so sanh nhom diéu tri bing remdesivir trong 5 ngay
vGi nhém diéu tri bing remdesivir trong 10 ngay va
v6i nhém khong dung thudc. Nhin chung, khi nhém
nghién ctiu danh gia tinh trang lam sang vao ngay
thd 11, két qua cho thdy ti 1é cdi thién triéu ching
lam sang ctia nhém dung remdesivir trong 5 ngay cao
hon so v6i nhém khong dung thudc, khac biét c6 y
nghia thong ké. Ti I¢ cai thién 6 nhom dung remde-
sivir trong 10 ngay cao hon so v6i nhém khong diing
thudc nhung khac biét nay lai khong cé y nghia théng
ke,

Mot thu nghiém 14m sang pha III nhan md, da trung
tam khac ciing thuc hién béi Gilead Sciences v6i ma
s6 NCT04292899 tit thang 3 dén thang 4 nim 202023,
béi tugng tham gia nghién ctu la 397 bénh nhén
nhap vién vi COVID-19 muc d$ ndng khong cin thg
may, dugc chia thanh 2 nhém dung remdesivir trong
5 ngay va 10 ngay. Nhom nghién ctiu danh gia tinh
trang 1am sang vao ngay thi 14. Nhin chung, ti 1é cai
thién triéu chiing 1am sang ¢ hai nhém bénh nhan la
tuong tu nhau va khong c6 khac biét ¢6 y nghia thong
ké trong ti 1¢ héi phuc hay tii vong gitia hai nhém >,

Thuc té sit dung

Céc dit liéu lam sang gan day goi ¥ ring r6i loan dap
ung viém (dysregulated inflammatory response) gép
phén vao mtic d6 nghiém trong ctia bénh va két cuc
lam sang c6 thé dugc cai thién bing cach gidm thiéu
dép tng mién dich va viém qua miic?®. Baricitinib,
mot chdt tic ché chon loc ctia enzym JAK1 va JAK2 va
duing bang dudng udng, dugc du dodn la c6 tiém ning
diéu tri COVID-19 bang tri tué nhén tao. Baricitinib
tc ché cac con duong truyén tin hiéu ndi bao cha cac
loai cytokin & bénh nhan COVID-19 muc d néng,
gém ¢ interleukin (IL)-2, IL-6, IL-10, INF-7, va yéu
t6 kich thich khuén lac bach cau hat - dai thyc bao.
Baricitinib con gay suy gidm enzym AAPK1 dan dén
ngan chin qud trinh nhép bao ctia virus va 1am ting
s6 lugng t€ bao lympho & bénh nhan mic COVID-
19. Mot thi nghiém 1am sang pha III d8i chiing ngéu
nhién, mu d6i, da trung tdm dugc thuc hién tai Hoa
Ky (mi s6 NCT04401579) dé€ danh gid tinh an toan va
tac dung ctia ph6i hgp thudc baricitinib va remdesivir
& bénh nhan ngudi 16n nhap vién véi COVID-19. Két
qua thtt nghiém trén 1033 bénh nhéan tii thang 5 dén

486

thang 7 ndm 2020 cho thdy phéi hgp thu6c remdesivir
va baricitinib vugt trdi hon so véi remdesivir don tri
liéu trong viéc rit ngén thoi gian hoi phuc va ting muc
do cai thién tinh trang 1am sang & ngudi 16n nhap vién
vi COVID-19, nhit 1a & bénh nhin dang ding liéu
phép oxy dong cao va thd khi khong xam 1dn. Ngay
19/11/2020, FDA da cép gidy phép st dung khin cép
cho phdi hgp remdesivir va baricitinib d€ diéu trj cho
bénh nhén néi tri mdc COVID-19 la ngudi 16n hodc
tré tii 2 tudi cn stt dung liéu phdp oxy, thd méay xam
lan hodc khéng xam 14n, hodc cin can thié¢p ECMO 26,

MOLNUPIRAVIR

Lich s phat trién - ciu tric héa hoc

Vélich st phét trién, molnupiravir dugc khdm phd bai
Cong ty D6i méi sang tao thudc tai DPai hoc Emory
dé diéu tri mot loai alphavirus gy viém ndo & chiu
My. Khi dai dich COVID-19 bat ddu, molnupiravir
dang dugc thtt nghiém tién 1am sang dé€ diéu tri cim
mtla trén mo hinh dong vét. Molnupiravir (MK-4482
hoiac EIDD-2801) la mdt tién dugc, dan chit iso-
propylester ctia NHC (f8-d-N4-hydroxycytidin hodc
EIDD-1931), m¢t chat tuong dong véi ribonucleosid
cytidin (dang glycoside ctia base cytosin) ma virus sé
stt dung dé tdng hgp nén chudi ARN ctia minh thong
qua enzym RdRp?’. NHC sau d6 ciing da dugc chling
minh ¢6 tiém ning chong lai SARS-CoV-2 trén té€ bao
Vero Cell E6 va & dong té bao biéu mod phdi ngusi?®.
Du 4n dugc mua lai boi cong ty Ridgeback Biothera-
peutics va sau d6 cong ty nay hgp tdc vé6i hang Merck
& Co. (biét dén trén thi trudng qudc t€ la MSD) dé
tiép tuc phat trién molnupiravir nhu mét thude diéu
tri va phong ngtia COVID-19. C4u tric cia molnupi-
ravir va NHC ciing nhu dang hoat tinh molnupiravir-
triphosphat (MTP) dugc thé hién & Hinh 5.

Co ché tacdung

Tac dung ctia molnupiravir da dugc ching minh
thong qua su tic ché enzym RdRp, mét loai enzym chi
c6 G vi sinh vat ma khong c6 & dong vat c6 vi. Day
ciing la dich tdc dong ctia remdesivir. Tuy nhién, khac
v6i remdesivir chi st dung duong tiém, molnupiravir
lai c6 thé st dung bing dudng uéng?’. Khi dugc hdp
thu vao mdu, molnupiravir sé dugc esterase chuyén
hod thanh dang tién dugc thu hai la NHC. NHC sé
phéin b6 dén cic mo va sau cling dugc chuyén hod
thanh dang c6 hoat tinh 13 MTP?°. Khi vio dugc
trong cac mo bi nhiém virus, MTP sé canh tranh véi
céc ribonucleotid ca ban 1a cytidin triphosphat (CTP)
va uridin triphosphat (UTP) d€ dinh vao sgi ARN cta
virus thong qua sy hoat ddng ctia RdRp va tao ra sgi
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Hinh 5: Cau tric cia molnupiravir (A), NHC (B) va chat chuyén hoa c6 hoat tinh MTP (C).

ARN 16i. Khi RdRp tiép tuc st dung doan ARN 16i
nay lam khu6n miu, NHC sé bét cap v6i A hodc G va
tao ra cdc san phdm ARN dot bién. Gia thuyét nay da
dugc chiing minh thong qua cdu tric RdRp véi su ¢d
mat ctia chubi ARN 16i dugc chyp béng phuong phép
kinh hién vi nghiém lanh véi hai c4u tric trén PDB c¢6
ma 70ZU va 70ZV (Hinh 6) 7.

Quad trinh gay 16i sao chép ctia molnupiravir gom 2
budc: (1) tich hgp molnupiravir vao chudi bg sung (-
gARN) so v6i chudi ban diu (+gARN) ma khong c6
bat ky 16i nao xdy ra; (2) tit chubi bd sung (-gARN),
RdRp tiép tuc st dung chudi nay lam khuén mau dé
tong hop tiép cdc +gARN khdc, qué trinh nay mol-
nupiravir sé bat cap ngau nhién véi ca adenosin va
guanosin dan dén sgi ARN 16i. Qua trinh tc ché virus
da dugc dé xudt va chiing minh bai Kabinger va cong
su. Hinh 7 tom tét lai qua trinh tao sgi ARN 16i ctia
molnupiravir .

Thi nghiém tién Iam sang

Do la mot chit tuong dong véi cic ribonucleosid va
cho test Ames duong tinh, da c6 nhiéu su lo ngai vé
tinh an toan va kha nang gay dét bién ctia molnupi-
ravir trén co thé ngudi. Céc danh gid vé kha ning gay
dot bién cta hoat chit nay da dugc yéu ciu thuc hién
bai FDA trudc khi c6 thé bat dau cac thit nghiém l1am
sang. Kha nang giy doc gen clia molnupiravir trén co
thé ngudi da dugc danh gid in vitro va in vivo. Mol-
nupiravir da cho két qua 4m tinh véi tht nghiém cam
ung ton thuong nhiém sic thé in vitro va trén chudt.
Trong thi nghiém dugc thuc hién véi liéu lugng va
thdi gian 16n hon déng ké so véi sti dung trén lam
sang, tac dong clia molnupiravir doi véi ti 1¢ dot bién
khong khéc biét so v6i nhom dong vat déi chiing .

Thit nghiém lam sang

Tinh dén thang 02/2022, hién dang c6 8 thi nghiém
lam sang ctia molnupiravir dugc ding ky trén cOng
thong tin vé thi nghiém 1am sang Hoa Ky Clinical-
Trials.gov vé6i 5 thi nghiém dang dugc thyc hién, 2
tht nghiém da hoan thanh va 1 tht nghiém da diing
lai do hiéu qua khong kha quan trén déi tugng bénh
nhan nhap vién va trd nang vi COVID-19. Céc thu
nghiém lam ang dugc tém tat tai Bang 3. Trong d6, c6
thé ké dén 2 thtt nghiém 14m sang 16n, thuc hién boi
nén tang thi nghiém lam sang AGILE (mot nén tang
dugc thanh 14p d€ dénh gid cdc phuong phép diéu
tri COVID-19 tiém nédng) va tht nghiém lam sang
MOVe-OUT (NCT04575597) do chinh MSD thuc
hién. Két qua cac thti nghiém lam sang pha I va II goi
y liéu t6i uu ctia molnupiravir la 800 mg "2 1an/ngay
trong 5 ngay lién tiép 3132,

Tinh dén hién tai, thtt nghiém lam sang c6 s6 lugng
ngudi tham gia 16n nhét 1a tht nghiém MOVe-OUT
(NCT04575597) do chinh MSD thuyc hién. Vao
ngay 26/11/2021, két qua bdo cdo so b toan ky
trén 1433 bénh nhan caa thi nghiém MOVe-OUT
(NCT04575597) ciing da dugc hang dugc MSD cong
bd trén trang thong tin cta hing va sau do trén
tap chi New England Journal of Medicine vao ngay
10/02/20223°. Theo bdo cdo nay, molnupiravir gitp
lam gidm 30% bién c6 tré ndng hodc tu vong vi
COVID-19 so v6i nhém gia duge. O nhém ding gia
dugc cé dén 9 nguai ti vong, trong khi con s6 nay &
nhém dung thudc la 1 ngudi.

Céc nghién cttu téng quan hé thdng va phén tich gop
gilia cac thi nghiém lam sang c6 st dung molnupi-
ravir cong bé ngay 21/01/2022 ciing cho thay, mol-
nupiravir hiéu qua lam giam 32% ti I¢ t vong va ti 1¢
nhép vién do COVID-19, so véi nhém chiing **. Tuy
rdng phén tich gop ké trén chua bao gom cic bénh
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Hinh 6: Cau truc molnupiravir (vang) tich hgp trong chudi ARN (cam) béi phiic hop RdRp (trdng) - nsp7 (xanh) -
nsp8 (héng). Lién két hydro dugc thé hién gilta molnupiravir va adenosin chudi ARN d6i dién (ma PDB: 70ZU) */.

Bang 3: Tém tat cac thir nghiém 1am sang ca molnupiravir dugc dé cap trong bai.

Ma s6
Nhém
cliu

nghién

NCT04392219
Ridgeback Bio-
theurapeutics

NCT04746183
AGILE

NCT04405570
Ridgeback Bio-
theurapeutics -
Merck & Co.

NCT04575597
Merck & Co.

Thit  nghiém
lam sang

Thoi gian

Pha I, mu doi
4-8/2020

Pha 1/2, nhian
ma

7/2020 -
11/2021

(dy kién)

Pha Ila, mu
doi

6/2020 -
2/2021

Pha 2/3, mu
doi

10/2020 -
5/2022

(dy kién)

S6
bénh
nhéin

130

600

204

1850

béi tugng

Nguoi khoe manh

Bénh nhan miéc
COVID-19 co
triéu chiling giai
doan sém

Bénh nhan miéc
COVID-19

Bénh nhan miéc
COVID-19
vong 5 ngay, co

trong

it nhat mot triéu
chiing va mét yéu
t6 nguy cd co thé
tré ndng

Két qua

Duéi 50% nguoi thti nghiém bao cdo mot tac
dung phuy, ti1é cic téc dung phu cao hon so véi
nhém dung gia dugc, 93,3% céc tic dung phu
la nhe va khong nghiém trong.

& nhém bénh nhén ding liéu 800 mg, c6 0,9%
kha nidng bénh nhan c¢é mtc doc tinh cao hon
30% so v6i nhém déi chiing.

Sau 3 ngay dung thudc, con 1,9% va 16,7%
bénh nhan duong tinh & nhém ding liéu 800
mg va dung gia dugc.

Sau 5 ngdy dung thudc, tilé bénh nhan am tinh
v6i virus 1a 100% & nhom liéu 400 mg va 800,
11,1% bénh nhan & nhém dung gia dugc.

Bién ¢6 trd nang hodc ti vong vi COVID-19
6 nhom dung molnupiravir (1 ngudi t&t vong)
thdp hon 30% so v6i & nhém diing gia dugc (9
nguodi ttt vong).
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Hinh 7: Qua trinh tao sgi ARN 16i cla molnupiravir

nhan cta thi nghiém MOVe-OUT nhung hiéu qua
lam giadm ti 1¢ t& vong va nhép vién clia molnupiravir
trén bénh nhin mac COVID-19 ¢6 st dung thudc 1a
tuong d6i tuong dong nhau cta 2 nghién ctu.

Tac dung phu

Do la mét dan chét tuong dong ctia ARN, nén tic
dung khong mong muén clia molnupiravir ciing rat
dugc quan tam, dic biét 1a cic tac dung phu trén hé
sinh sdn. Nguén g6c ctia mdi lo ngai trén c6 théla do
quyét dinh khong dua molnupiravir vao phéc d6 diéu
tri cia HOi dong nghién ctiu Y khoa An Do (ICMR) vi
lo ngai tac dung phu. Do d6, B§ Y té da dua ra khuyén
cdo vé viéc st dung thudc nay trude thyc trang mua
béan thudc tran lan trén thi trudng hién nay gém cé:
(1) molnupiravir chi dugc dung cho bénh nhan khai
phat bénh duéi 5 ngay; (2) thuéc khong dugce st dung

qué 5 ngay lién tiép; (3) molnupiravir khong dugc su
dung d€ du phong sau hay truéc phoi nhiém d€ phong
COVID-19. béi v6i phu nii mang thai va cho con b,
thudc khong dugce khuyén cdo st dung. Trong vong
4 ngay sau khi dung thudc liéu cudi cung, nhiing phu
nii ¢ kha nang mang thai can phai st dung bién phap
tranh thai hiéu qua d€ gidm thiéu téc dung khong
mong muén cta thudc. D8i véi nam gidi, molnupi-
ravir dugc cho 14 ¢6 thé anh hudng dén tinh trung,
vi vy trong vong 3 thang sau khi diéu tri, bién phap
trdnh thai c6 d¢ tin ciy cao nén dugc stt dung dé tranh
kha ning mang thai*°.

FAVIPIRAVIR
Lich st phat trién - cau tric héa hoc

Favipiravir (T-705) la hoat chit chdng virus cé tac
dung tic ché chon loc trén enzyme RdARp cua cic
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Hinh 8: Cau tric hda hoc cua (A) favipiravir & dang tién dugc va (B) favipiravir & dang favipiravir-RTP c6 hoat tinh.

virus ARN. Favipiravir dugc Cong ty TNHH Toyama
Chemical phét hién qua qud trinh sang loc thu vién
héa hoc vé hoat tinh khang virus. Favipiravir da
dugc Co quan Dugc phdm va Thiét bi Y t€ Nhat
Ban phé duyét vao nam 2014 dudi tén thuong mai
la AVIGAN d€ diéu tri bénh ciim mua do cic virus
ciim méi hodc cim tdi phat. Favipiravir trai qua qué
trinh phosphoryl héa ndi bao, trg thanh dang c6 hoat
tinh la favipiravir-RTP (favipiravir ribofuranosyl-5’-
triphosphat) va c6 kha nang tic ché hoat déng ctia
ARN polymerase. Nhiéu nghién ctiu da mo ta hiéu
qua clia né véi cac virus ARN khéc nhu virus Ebola *,
SARS va MERS. SARS-CoV ¢6 trinh tu gen tuong
dong véi bo gen ctia SARS-CoV-2, cho thdy tiém
néng phat trién cac phuong phap diéu tri hién c6 nhu
favipiravir thanh liéu phap trong diéu tri COVID-19.
Céu truc cta favipiravir va chit chuyén héa c6 hoat
tinh ctia n6 - favipiravir-RTP dugc théhién ¢ Hinh 8.

Co ché tac dong

Co ba gid thiét vé co ché tic dong cta favipi-
ravir®’: a) két hop sai (misincorporation) mét hoic
hai favipiravir-RTP bdo tén vao ARN cua virus va
tc ché kéo dai chudi ARN (két thuc chudi), b) gin
két favipiravir-RTP vao vi tri hoat dong cia RdRp va
tc ché hoat dong clia enzym va c) dot bién giy chét
(lethal mutagenesis).

Trong qua trinh dot bién gay chét, favipiravir-RTP két
hop sai vao mdt chudi ARN méi sinh ma khong lam
két thic sao chép chudi. O chu ki tdng hgp ARN
tiép theo, nhiing viing ctia bo gen virus da dugc két
hgp véi favipiravir-RTP sé c6 xu hudng bi dot bién.
Favipiravir-RTP hoat dong nhu mot nucleotid va c6
thé két hgp véi cic nucleotid tu nhién (cytosin va
uracil). Qud trinh nay din dén tan sudt dot bién 16n
trong quin thé va cudi ciing phé hity virus *®. Cdu tric
ctia phiic hgp RdRp/nsp7/nsp8 va ARN vé6i sy hién
dién ctia favipiravir da dugc chup béng kinh hién vi
dién t nghiém lanh va minh hoa & Hinh 9.
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Thi nghiém tién lam sang

Thtt nghiém in vitro trén t€ bao Vero E6 cho thdy
favipiravir ¢6 kha ning tic ché SARS-CoV-2 v6i ECs
= 61,88 uM/L va CCsg > 400 uM*’. Néng d6 ECsg
ciing tuong duong nong d6 ECsg ctia favipiravir doi
v6i Ebola (67 uM), gidi thich cho nhu cdu st dung
liéu cao d€ dat ndng do day muc tiéu vé mit dugc ly
trong diéu tri COVID-19. Khoang cach 16n gitta CCsy
va ECsq tao ra khodang tri liéu an toan cho viéc dung

favipiravir liéu cao.

Thi nghiém lam sang

Két qua ctia phén tich gop cho thdy nhém dung favipi-
ravir ¢é ti 1 cai thién vé mat lam sang cao hon 10%
so v6i nhom chiing trong 14 ngay sau khi nhép vién,
két qua khong c6 y nghia théng ké*!. T6c do thai trit
virus & nhém dung favipiravir cao hon nhém chiing,
nhung su khéc biét nay khong déang ké. Tilé can dung
liéu phap oxy bs sung & nhém dung favipiravir thip
hon 7% so v6i nhom chiing, két qua khong c6 y nghia
thong ké. Khong c6 khac biét ¢é y nghia thong ké
vé ti 1¢ can chidm soéc déc biét (ICU) va tac dung phu
gitia hai nhém bénh nhan. Tilé ti vong § nhém dung
favipiravir thdp hon nhém chiing 30%, két qua khong
6 y nghia thong ké.

Favipiravir c6 thé khong tao ra téc dong c6 loi ddng ké
d6i véi ti 1é t vong & nhém bénh nhan mic COVID-
19 nhe va trung binh *!. Diéu nay cho théy c6 thé viéc
stt dung thudc khang virus khi bénh nhan da cé triéu
chiing la qud mudn va diéu nay sé giai thich cho hiéu
qua thdp cta thudc trong boi canh lam sang.

CAC THUOC KHANG VIRUS VA KHA

NANG UC CHE BIEN CHUNG
OMICRON

Bién ching Omicron (B.1.1.529) la mgt trong nhiing
bién chiing dang quan ngai mdi nhat, la nguyén nhan
cta lan séng dich thi tu trén thé giéi hién nay. Dic
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Hinh 9: Cau trdc favipiravir (vang) tich hgp trong chudi ARN (cam) bai phiic hgp RdRp - nsp7 — nsp8 (trdng) dugc

minh hoa tif protein c6 ma PDB 7DFG*°.

trung cta bién chung nay 1a sy tich lay khoang 26-
32 dot bién trén protein gai (S) clia virus, dan dén sy
gia ting ai lyc gan két cta virus va thu thé ACE2 qua
d6 gia ting kha ning lay lan giita cic vat cha*’. Do
1a mot bién ching lay lan manh, nén da cé nhiéu lo
ngai vé hiéu qua cta cdc liéu phép diéu tri hién thoi
doi véi bién chung nay. Mot nghién ctiu trén tap chi
Nature vao thang 01 nam 2022 da cho thdy c6 su suy
giam dang ké kha nang trung hoa virus ctia cdc khing
thé don dong (ngoai trit Sotrovimab) hién nay dang
dugc cdp phép khin cdp (EUA) tai My cho théylo ngai
nay 1a hoan toan hgp ly*®. May mén thay, cc thudc
khéng virus phan td nho hién nay (bao gobm remde-
sivir, molnupiravir, va méi nhét la nirmatrelvir) déu
da dugc chting minh van gitt nguyén hoat tinh khéng
virus déi véi bién chung nay. Mtc d6 hoat tinh da
dugc chiing minh la khong cé su khac biét ¢6 y nghia
thong ké gitta Omicron va cac bién chiing dang quan
ngai trudc d6 nhu Alpha, Beta, Gamma hay Delta**.
Diéu nay goi y ring, khédc véi cdc khéng thé don dong
tap trung vao cac khang nguyén bé mit (nhu protein
S) ctia virus, cc liéu phéap khang virus phén ti nho,
tac ddng vao cac muc tiéu ndi bao sé co kha ning gid
viing hoat tinh qua céc loai bién chting khac nhau do
su hdng dinh ctia cdu truc bo gene virus quy dinh cho
nhiing dich tdc dong nay. Tuy nhién, téc do phat sinh
dot bién va bién chiing ctia virus hién nay la rit nhanh,
do d6 ta khong thé 1o la va phai sdn sang ting phé véi
su xudt hién ctia cdc bién ching SARS-CoV-2 méi.

KET LUAN

Thudc khang virus SARS-CoV-2 1a mét nhu cau cdp
thiét trong phong ngtia va diéu tri COVID-19. Mot s6

thudc dugc gidi thiéu & trén da c6 nhiing két qua thu
nghiém lam sang pha II, pha III kha quan va dugc cdp
phép khén cdp. Céc thi nghiém lam sang van dang
dugc tiép tuc thuc hién d€ danh gid hiéu qua va tinh
an toan cua cac thudc khang virus néi trén. Bén canh
vaccin, sy thanh cong ctia cac thudc khéng virus, dac
biét 1a cac thudc cdu truc phén t nho cé thé st dung
bing dudng udng, sé 1a mot chia khoa quan trong dé
gidm dién tién ndng va ti vong cta cic bénh nhan
nhiém COVID-19 ciing nhu gép phéin kiém soat hiéu
qua dai dich trong tuong lai.

XUNG POT LO1 iCH

Nhoém téc gia cam két rang khong c6 xung dot Igi ich
trong cong bd nay.

PONG GOP CUA TAC GIA

Céc tac gid cing dong gop y tudng trong bai tdng quan
nay. Lé Minh Tri truyén dat y tudng ban dau, hudng
dan tiép c4n va trién khai. Mai Thanh T4n, Lam Thiia
Phong, Ping Ngoc Bao Trin, Lai Vo Trong Nghia
téng hop tai liéu, xtt ly thong tin, trinh bay va viét
ban thao. Théi Khic Minh, Tran Thanh Dao, Nguyén
Minh Hién, Nguyén Phudc Vinh, Lé Minh Tri cung
chinh stia va hoan thién ban thao.
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Small molecules as anti COVID-19 therapeutics: Discovery process,
mechanism of action and clinical trials
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ABSTRACT
COVID-19 has become a pandemic and is still breaking out in many countries all over the world
due to the emergence of new variants. everal safe and effective vaccines have been approved and
Use your smartphone to scan this succeeded in reducing the rate of patients with severe symptoms and that of mortality. Currently,
QR code and download this article most countries have chosen to change their policy from “*zero Covid" to " live with" the pandemic
and opened their boundaries to recover their economy. However, the emergence of new danger-
ous variants such as Delta or Omicron significantly reduce the effectiveness of vaccines and there-
fore, is complicating the pandemic control. In addition to the use of vaccines, the development of
antiviral drugs is extremely important to tackle this worldwide threat. Currently, the approved anti-
COVID-19 agents consist of two main categories, including spike protein (S) targeted monoclonal
antibodies and orally available small molecule antiviral agents. However, the biopharmaceutical
approach still incurs significant drawbacks such as bad bioavailability, expensive and growing re-
sistance of the virus due to the accumulation of mutations in the receptor binding domain (RBD)
of the spike protein in new variants. On the other hand, small molecule antiviral agents are a more
appealing approach as their main therapeutic targets are intrinsic enzymes which are less likely to
mutate, hence remaining inhibitory activity against different variants. Additionally, the oral avail-
ability of these drugs also allows these medications to be taken by individuals without the aid of
, o healthcare professionals, which could alleviate the burden on healthcare systems. Therefore, the
Faculty of pharmacy, University of research and finding of new orally available antiviral agents is still a necessity. This review is carried
Medicine and Pharmacy at HCMC, Ho out to give an overview of the discovery and development, mechanism of action, clinical trials, and
Chi Minh City, Vietnam .

approval status of current small-molecule anti-SARS-CoV-2 drugs.
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