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Abstract: The Coronavirus Disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has spread throughout China and many other countries around the world. The antivirals are
important measures to this epidemic; however, there is no drug approved for against coronavirus yet. With the
continuously rising number of confirmed/suspected cases of COVID-19, it is urgent to obtain antiviral drugs for
the clinical treatment. In response to this situation, drug repurposing strategy becomes one of the best approaches
for anti-SARS-CoV-2 drug discovery. By retrieving the clinical trials registered in Chinese Clinical Trial Registry
and ClinicalTrials.gov, a total of 14 chemical drugs were registered for COVID-19. In this review, we summarize
and analyze the 14 drugs' indications, targets, and research basis related to the activities against viral infections,
esp. coronavirus infections. We are making efforts to understand the evidence basis of these drugs for the treatment
of SARS-CoV-2 infection applied by various research and clinical institutions in response to this COVID-19
outbreak, and also providing clues for quick response to possible epidemic in future and reasonable expansion of
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the indications of drugs.
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Fl 2019 4F 12 H 5| k2 #r 24 56 IR 9% 28 il ¢ (novel
coronavirus pneumonia, NCP) (WHO ¥ 1% ¥ i fiv % N
"Coronavirus Disease 2019", COVID-19) [£)J7 J& £ 4% #f
ik N SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2), %7 & 5 SARS-CoV Fl H 7 IF Il J& %7
AAEFREE (Middle East respiratory syndrome-related
coronavirus, MERS-CoV) 251k, # J& T W 8 9% 7 H
(Nidovirales) 7&K 7% # £} (Coronaviridae) 7&K 7 25 J&
(Coronavirinae) e Rk 5 . AT F W FL ow, 2
2020 4 2 H 20 H 24 Itf, [ Py AR R 1 5 12 0 11
75 465 151, BLAT 5 ALLI 1] 5 206 1], R FE T B 2 236
fiju,

BE & X R A2 T 250 AR R, B 5K T A fi
JREZE D2 IV 5K = 2 38 ) A 1 o 28 e PR s 7
il R29T IT R C A T RAT S /SR, AR P A AT 1
B BRI R FE 25 3, (07 20 56 Tuhi e th (9 H A7
IR BN RO BUR TR IR T 2997 25 Bk, R8T
W2 HESE o (ERENE R, HAhie NEOxR 2 1530
T, P R BLJF A A VR T SARS-CoV-2 B L 251 2 4
%52 d e I A I PR ARG 3 r O A0 56 [ I PR
I H 4 (Clinicaltrials.gov) ¥, #% & 2020 4E 2 H
14 H, Az 2 148 W (h [H 7 & 1153, & [H - £ 33
i) 5 COVID-19 367 A v Wi AR el 4e, Horb g 116
FEAVIRIIGIRIG YT 7 3L 30 T (b E P & 19 1, £ [
6 11 I0), P K 14 B 25 W . I X IX 14 Fh 25 1) ik
175381, VB A AT B COVID-19 Il R X 56 24 ) 1)
TE AT R B T 0 R JE ), BY & b T B R AE A e A
B 25, e rb R 3 A B ) B0 R BR 9 2 AR
T8 . A SCTE fR] A 44 SARS-CoV-2 J& e 3o F2 (1) 36 7tk
b BRI I X e 2 ) (R B B A AT R ST,
S A TH A 45 T 93 B 29 IS I 2R e i 8 B8 S e 1 2%
T FEMLAA K FH AL 2 259030 77 SARS-CoV-2 J2 s /25 11
BEER s . & ESR M, H T2 800 7iRJ7 COVID-19
(R I PR B 1 T S B B B, o s PR 1) R
FRZE WA B 3, R A 2 57 ey 0% 2R 56 32t e, 1A
Py ik Bl A R8BSt S B S, R PR
I ERIBIT R 258, NS B4 IS R AR T
FB, A9 A R B0 A7 IR PR TE A BE P R 24 0 .
ML R
1 BRHESREBRLMERZIE

SARS-CoV-2 5 SARS-CoV fll MERS-CoV [A] Jy #

1E 4 RNA R 5, 1l g htd 2/ 8 Fh i (1, H AL 45 4 Fif
SEMIER A RIER S E (S (spike, & [ S) 45T & E
(envelope, % 1 E). i & (1 (membrane, & 1 M) Fl
K 5% % A (nucleocapsid, 2 A N); 4 Fh AR &5y & A - 3-
Jih 4k L 2K 1 BERE 2 (1 (3-chymotrypsin-like protease,
3CLpro). A JR & H Mg £ H 5 1§ (papain-like protease,
PLpro). fi#t it B (helicase) [ RNA {i #fi ' RNA % £ i
(RNA-dependent RNA polymerase, RdRp). A i 5 .
7K, 5 SARS-CoV 1L, SARS-CoV-2 # 1 S 7] i1 ] If:
455 1E T3 T 2 M i 8 5L Tk 3 2 1 2 (angiotensin-
converting enzyme 2, ACE2)[@, {55 2 W it + 4 g &
Mo — M, TR 250 N1 40 2 28 pH (i %
A, BRI 5 BE P B E 8 i % 1 JS, 4 BRI PN s, e B
WAL, & WARTER AL, 7 28 6L 1R 5 v g AR B b 5, O 75
RNARR I . IbJ5, 75 RARp B B4 & 1k, %5
A TR 3 e bR S 7 2 IR 4 IE S RNA JF BLHOA AR &
B RNA, 28 J5 T DL GURE RNA D9 IR & il T 2 [
/N P B OIE BE RNA RILIE B 55 [ 4 RNA. TE R A,
AZ WA DAY 56 R 20 /8 7 B O i RNA ARSI, 0198 A2 Bk
IR . UB/E, | E N 585 i £ X2 RNA 45
aEEAMBSET, BN, 5EESESIE
MNP 5T 9 R TR, (R I, 2R B A B TR B B
Y, BOARBGAE A )a, AU EE & R A RS
Y R TSR A A, BB B, X SARS-COV-2
Az iy ) A ART B9 3 DL 90 T L s 7 ) R e i
&, anPHrmE s N (5 52 AR ) Bt A T R L 0 v
B AR (F0H RNA ZE -5 Blg) 80 T0 25 8
R (B E R 5.
2 RTTHETE IR AE MG RIS R BT S R B E 4
e A 2 R I AR K 6 v U o N S IR R K
6 KR B A, A B0 20204E 2 H 14 H, SR & B
148 T H ¥ ¥5 7 COVID-19 A ¢ 4 Mt i A 56, 3L A
VLA S 2 I R VR TT JT S 3L 30 I, 3k 14 M 2454,
HAG S AR W Lo AR SOR B — X e AT 10 JiR 3d REE
O PUR BT 704 R, 5 0l 2 P10 e R0 B 10 20 3R 4T
SLEE AR AT, DU ER AR 2 25 T et ik 48 T8 T IR
KA
2.1 IR{EPE (remdesivir) i {75 2 7 R 4 A
7] (Gilead Science, Inc.) iff & W% 4 25 i Lk 58 24
W, 22D B ) S B PH AR R 35 1 R R 1 R AR g
T W R 1D L ) 22 1K 995 28 RRp 1499 25 52 1] 10 1) 774



o RAR RN TORR A 26T IR R 25 © 357 -

/7 _\ e
- i - N
o NH. -~ \['/ ~ NS S—‘.
0\ (e} P [~ o J f.\\ \N Mz
i ., (\\\T-’\\N 0 N /E ) ?' |, E | Ny
o y—-N_ _] E N = HNT O “NH P A ~p”
oA O\ oS "W Ay QU0 (8 Qs 0wy
Y \ /s - T‘ W NTTO N r ! o s
Ke) & n N N~ TOH SN AN < Ny ke o
HO OH ] i e
s 1@ A O
[/ \'1 » [
£ LA
Remdesivir Favipiravir Lopinavir Ritonavir Emtricitabine
Ebola virus disease (Phase 11) Influenza treatment HIV/AIDS HIV/AIDS HIV/AIDS
NH; N— \
. o 0O
<{ o () Y =~
i \
OK < St o N T-N
||||| NH \_N
2 HN J%O N7
l\

N
F R
o0 Mg ol l
/O\.,)/ N=/ VAR N &
7N - 0}— ) H

e

H

Tenofovir alafenamide Darunavir
HIV/AIDS HIV/AIDS

,N'o

o
(o] /j/
= N7 0 HO
P \f/\ l;l:[{—\ ”“
N S

\l\ /l e /I\ja R o
ISR T

T ey

S

Cobicistat ASCO09 (TMC310911)
HIV/AIDS HIV/AIDS (Phase Ila)

g)k R ,J\/\/'/ HN*/\/COH

= R
/ P
cl N

o
Baloxavir marboxil Arbidol Oseltamivir Chloroquine Hydroxychloroquine
Influenza treatment Influenza treatment Influenza treatment Malaria Malaria

Figure 1 Name, structure, and original indication of chemical drugs in clinical trials to treat Coronavirus Disease 2019 (COVID-19)

Siit 4 PG 3 2 00 2, O e K es 25, N IS w AR A
GS-441524., GS-441524 & — Fl IR 9 4% H R AU, B
TR R WS — B IR J5 A PR (O 1), AT 4
il RNAJ 2 1) RdRp. W F0 2 7, B X 22 400 25 &%
A, LTI VDRI B Je W R SO AR B A
IS

it 725 7G5 0] e DR B VR AR B SR R, iAW)
A4 SARS-CoV E i (ECyy: 0.01~0.069 pmol-L™Y),
452450 mg-kg ™t 7] 52 FEAICE L SARS-CoV /) AR A
T AR, JF CGE il DD BER, (AN, Hi 4 DY 5 % MERS-
CoV RFMEG A HIHIER (ECs: 0.03~0.58 umol-L)l,

ORI 7T 7, AE TR A N B G MERS-CoV 12 h J&5
K S B A 75 6 (5 mg-kgh), T 2 R AR A i S 5
BEACE, X BRI G 5] 0 il R A R A

S VR e IR B I MR RS, A P AR T
V2 ORYE, B S TR S 4 P 5 T B e ] SARS-
CoV-2 RdRp FH W7 7t 5 RNA. 7 % K 41 mRNA Fl 748
Ji B 4= R 2 RNA & A, e 24 S 90 0F 998 2 2 1) 1) 400
], T S IR 25 20 A B T AIE SE T ANATT R AR . B AT
S5 B R, F 8 UG 5 6 SARS-CoV-2 14 A 2 H 410 1 v
&M 0.77~1.76 pumol-L 1, %5 - i £ i 5 7 i 4% 1
P R o 2 T I e 22 4, R T 2020422 H

Remdesivir

GS-441524 Active metabolite
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5 H A6 H 4 et 7 3648 76 45 F T %% B/ B SARS-
CoV-2 & YL B ¥ (NCT04252664) Fl & J&¥ &K 4 B &
(NCTO04257656), Il PR 1k 46 #8 % FH Bl WL AU TS 45 24,
ZA B HE K T 200 mg B 8 76 5, )5 8 K4
K 100 mg, X HEZH Ay 22 B 7). Tl 2020 4F 4 H I R i
Wi, HAp ST G 555 TR, & IR R
g BLRRIE B A AU, TR 2% i b kRS 1 A B R AE
& .

2.2 SEDLRIE (favipiravir) EVLH RS 3
PORERZY), B E LR A& LS4t (FUJIFILM
Toyama Chemical Co., Ltd.) iff . ¥ETCHFHA2ERTZG, N
L5 A AR s g HG v 1 AT A2 DG i =5 Pk P A% R A2 TR -
5'- = 1§ FR Fi5 (favipiravir-ribofuranosyl-5'-triphosphate,
favipiravir-RTP) (I T F&), 236 AR 5 40 % RNA 7 2
RARp A3 # I 1EH o 12251 B W10& REE 7€ A T Plim 2k
T REE, 5 S 5 RN 1Z R LT T A RNA % 7546
A A M, 078 8 BHRR 7 B IR e A
P L 2 A5

F._N__CONH;

F\[N*‘/CONH2 0 I I
(Y ——sHobo 0
NJ\OH (I)H 0

HO  OH

Favipiravir Favipiravir-RMP

F\[N\ CONH,
¢
Triphosphate—~ o
e
HO  ‘OH
Favipiravir-RTP (Active metabolite)

55 35 48 74 5 4 B #f 160 %F <K% 2 (SARS-CoV Fil
MERS-CoV) & il 3 (1 7 5d A 5], EARR 2 1 5t
T S AR IV DG 47 5 AT B ) S IR0 B A A, (HE
), I AR K % 235 UL 47 $t SARS-CoV 5t MERS-
CoV iRIe & s . MR BENE S, B Skl 1%L
Fi F5 7 4T SARS-CoV-2 3 M, H 250 8Ok EE N
61.88 pmol- L0, iy - A Ah 0 I 1o 25 2 30F ROk
J (ECqgp: 3~20 pmol-L1)10, % 2020 4£ 2 H 14 [,
A 3T VR UL R 5 FH T ¥R 97 8 e il 48 1) PR 36
W ESME
2.3 SEIABE/FIEARSE (lopinavir/ritonavir, LPV/r)
WL FARFEI A (& v 1 2) fe a4k
(AbbVie Inc.) WF K BIHL 3w 25, mREC L.
W& VTR 3 2 N 2 G 5 6 B 9 25 (human immunodefi-
ciency virus, HIV) & H B0 177, 7T LARH W7 Gag-Pol i
R AT R BUA R B, & P BU AR AR A T

TR T3 995 B URL; FIFE IS 43 2 BT X HIV-1 F HIV-2
R A G B I 3 PR RUUTK S 7, dE i ) HIv
i A W3 % W 0 72 1) #) Gag-Pol B4 & 1, S8 A B
AERRETEAS 1 HIV UKL, WM G2 )5 Bl 16— 5o i e
FIFE AR 5w e a0 i) 44 B €4 3 P450 3A (cytochrome
P450 family 3, subfamily A, CYP3A) #1i% VL R =+ % &=
BRFFIE B R KPR,

78 DT T8 =55/ 6 78 =5 B st IR i 25 1 F 96 4 T~ 2003
SEAR SN, MBS R, R R MR T Y24
B BB, Ay B SR A) P R AT I R 1 24
Mo M AATLLSARS-CoV [t 3CLpro {E #5547 i
I, R I HIV 8 E B )9 VLR 5 SARS-CoV
3CLpro A i3k Fl 7, Mo 24 280 % S 56 1 i 7s i TL TS 3
A 1] SARS-CoV 5 51 41 H 5 45, 2= B4 il 94 5 M
1.6~12.8 umol- L0213, [ifi 5, 22 TR PR i 56 2 7, i
FH 8 AR B 35 MK 1) SARS-CoV H 3 [ I il 3% DT AR
FIFFEH A 77 (B 12 /5 RIS UE AR5 400 mg + F)
FEHR 5 100 mg) HALH B AR AR R AR T 3
B FEFEK4, 20124 MERS-CoV LG, RH 58 R H
N R PIERIVEAT T 38 VB T3/ HE 0 5 25 3%
R BOR, 45T Y MERS-CoV M 6 ¥ UL IR 65/
FIFEI 4 (A R E 4K AR VE AR5 12 mg + F)
FEIR 5 3 mg) FT R 25 G S Wl PR A B, ok % it 2H 21
95 A e BRI 15 3 B0, 2014 4E — TE 7 b T %
VC A8 =5 /A48 95 =6 7€ SARS-CoV #1 MERS-CoV ff] {4 4#h
KA FOREE, 73 )9 17.1 A1 8.0 pmol- L1181 1% {5 7F
R R M 259K S ) (8~24 pmol-LY) Y. J5 R
()2, H Al AR A &R 211% 25 ¥ Bt SARS-CoV-2 13 1
Al . 2016 AF 5 T R ek IR 8 B 1 5 A 1% 2
F i 6 R 25 I R R0 B A AT MR, 202041 H 26
H 3R E 25 3R, 38 UE IR F5 /R B 35 7] LAAE A — Fhisk
M7 TR W 2 (0 F 2 B RS i
BRVRIT, FEE VU IRIT I R T el

78 VIR 3R FE T8 5 4 1) N b A N R SR A0 [ [ 5K
PR 2T 20204 1 A 22 H & A B G A R
TREEIR G I R 1297 J7 R (AT S =)D, 2 B Ak
HNEIT T RPPTHIV Y, #E2 A 14 H, hEIE
PR A58 v M 7 & 3 i U T8 S50 FE TR 5 A Ok B
SARS-CoV-2 Ilfi R 1456 3£ 13 T, /& fT 5§t SARS-CoV-2
b2 25 R 56 R M 0 E B 2 L A S i R
M —MZiv .

2.4 B iR (emtricitabine) FNRE} & i&@F (teno-
fovir alafenamide) & 1 V5 & A% E S8 300 4 SR g4 1)
A, R SEREIFIRTT 25, a8 a0 i) 3 A S R T HIV
(IO RE, ZAYEE SN B R BEH. AR
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R, BB AT R LB % B (hepatitis B,
HBV) Wi skt #2 . I RIS W, B Adse et 2, 8
AR T R SRR bR G R,

PR T 5 A A A S 0 S i A 1 R, I R
— M 5 At B0 A SR 0 B 2 IR A A VA T SO
VA Y B A R HBV &2 )t Y 7= 5 A 1 4 ) R
2016 4= Fi At FH T8 1 2 B 46 B3 iR T,

SRR, B HIV AT HBV Ak, A WA ¢ & Al v Fo
TR 5 v A 5 BT AR B VS R RO . TR IRVE T R
7ok it 9 I PR R 77 8 v, A — T0H TRt At Vi /TR gy 5
5% VS AL /R FEASFH B A (ChiCTR2000029468) AT
COVID-19 IR 77 .
25 XA ABE/AE LB M (darunavir/cobicistat) A
AR 2 L E A (7 A 44 A ) RS MARE R
7 B 25, 2018 7 A rEFRIE B, TS HAthbt
T SR R I A A VR IT HIV R RAE R . T8
P8 S HIV-1 28 (B — R A AU AL 3 P 3 ) 57, T
6 B PR A 1) 5 2 26 R 40 P HIV 4R 5 1 Gag-Pol #/iT 14
A UIE], W BE T R A LA TR R T
R, 2 B E Al CYP3A A T AR B A 0k 7E
AN CYPIARIIA I H M Rk . SRR, TRl
PG R AR AT, A LT IA 7 90 =5 AN/ L =] A 4
PRI B IR (I PE R IE

IR PENE KA G, 2 2 E I DT e T 24958
568995 BE (A4 A PRI 9, R IAK 7 8575 300 pmol L
WPE T Re B MG i =6, 5ARHAWA A R,
PN R 2 IA 280 5122, Ak, S — T T LA 2 )
e B R BIE 5T, TN IE 7R 5 v TR T R A e IR
Jp5 7 M K e, o 4F SARS-CoV-2 2 i B 1) Kd {5 A
90.38 nmol-L131, 202042 A 3 HAI5 H, Piioe Tk
TR 5175 L = Ath i 7 8 e Il 28 AR I R R B8 A A, K 43
HIERIN (ChiCTR2000029541) Al I (NCT04252274)
TR AR 5T
2.6 ASCO09 (TMC310911) ASCO09 /& HIV & [ filg #1l
il 751, ASCO/A FE AR 43 52 77 v (ASCO9F) Hafi 4L 24 k.
Fok, AT 3097 uim, Harllaiiim R iR o 4w .
2%, AR5 T ASCO9 41 76 4R 5 75 35 VE AT 7T B dl .
H A 4 505 T ASC09 A T3 et Jili 28 s IR 1k 36 v
W, KR 3TUH T M AR & a- TR F WA
(ChiCTR2000029759, ChiCTR2000029603) A Jft & ¥
H]fih 5 (NCT04261270).
2.7 PBAEEZE/R (arbidol)  FEEZE /R, HERRTLL 2 /R, &
1993 4= i Trofimov 25244 % 1 HH 87 75 B¢ Moscow-
based Masterlek™%; | & FIHT i B 254, H T FH 24 A
YRR R 5 R PR B 2, 7R SR E BT L /R

1B NN 23RN84 245 F T i ) B Aia o7 s, A i 12
71, BT G 2% 2R 6 49 Hk FR BRI 20 T 335 R A A R Gk 1)
BINEIE A, F B HR EE A 7.2~23 pmol-L 127, [
PO T2 15 M A6, BT 7838 & BB B 2% 2R X 2 Fh RNA
993 1B G AR A BELIT 1 F 0 RS 998 255 R 0 P R A
95 EE 280 L /N A W A% T 995 25 B KD R 2K 0T 28 2 L B
BRI % B3 93 75129500 A 47995 25 B 10 DU 5 B 55 00
5 B0 3 AL 0% 75 AT DNA IR 35 BHE 20 89 BT 28 9%
U R ER RO A B 2 FE AL . LA IE AL OR,
BT L 2% /K A2 38 i P k% B 1 (clathring 8 2 BH 7
BEHEN SRR,

I F et BR 9 7 HE N ML 1B T B G & 7E SARS-
CoV JFJE I, BF 78 & 7~ SARS-CoV 3k A 1 = 4 it 1 i
RIS 5 Mg B B A E R A KB, 2008 4F, 58 - Fi
Eb 2 IR P Ta PR B (003 PR B AR IE, B 7L SRR, 4B
Eb 2% JR B 244k S 50 umol - L1 B, X SARS-CoV 14 #k
Y B MGE R, SRR, REEFER TR
2= /R %t SARS-CoV 5 MERS-CoV 14 4 24 %4 2~ W 70 %
o MR PG, 2020 4F 2 A 4 H Z= 24 45 [F pA2A
T 3B I R A, 0 T AR B R LA R R OR, BT B 2
K (10~30 pmol-L-Y) BT 1 il 8 ek 7 25 S UL, F %) B¢
A M AL A M RIE R . #i%220204:2 H 14 H, 3%
6 T 5% T Bl bb 2% JR FH T 98 07 8 e i 9% 1R I R K 56
M
2.8 BETMhE (oseltamivir) B E b (B 54 ik
9F) &% [X (Roche) J& HF T I /B9 2 254, 1999 4 Al
2001 £ 43 ) 76 Fi AR B by . 1% 259008 i 4 S
IS 38 0 1 4 22 S R g, U0 1) S 2 1 0 S B UKL
M 32 40 B 2 THI R, %o B e NI H BB RN 2, 7R 38 U
B M BRI 2. 2003 £E AR L 1R I 1A, AATT
I N0 AT e I B B, DR GG PR A R A B
A IR BERIT . — TS SARS-CoV [ ¥
A7 1R R B IR A B =] Ath 55 1 K BT U 0F 9T
BN, A IR 45 R B3 2 7,

H A T 8 BT AR 5 AR B AR IR A 2 R
L= P SR G T NN N RS L =Y (S R =
R 5 2 AR 2 5 T 5 28 N 15 E 40 ik AR,
{H M TE I 9 25 SR S8 B R At =5 0 S R 0 B SR e A )
TG BEAh, SARS-CoV 1Ak A1 i 14 S 56 ok, B E] A T3
(4K & 10 mmol-L) %} SARS-CoV £ 4 it 4% A W, &
A A 8, 3k [ AE BT AR IR T T 4 A A P A
i, &I BE U G MERS-CoV i 3 Hp sk L it J8om 7 L
Bl K, DR X 5B AU 4 MERS-CoV & % 45 F B )
AV 97, (5 A% B R I &5 SR % B8 3 AR T O
SRR, 45 1 B ] il 4510,



-+ 360 - Zy%% %4k Acta Pharmaceutica Sinica 2020, 55(3): 355 —365

20204E2 A 3 H, i 2= [ W sl 40, 1% E= i R & 5K
T B R A RS P HIV 2590 1“8 SR 7 7
X =40 70 % ok B B E Lot SARS-CoV-2 % s iR
B HHATIRIT, R 3 O T B IR IR, fE 2
48 h Ji5 95 B W0 2 BB RO, R G AL e bR
RSITREAR S (58— W) B =) th 5 Bl HE 22 2 50 1
PUMAEYIR TT 245, BB )5 2 W02 97 77 R 4 iz
ZiM. AR, AW K& A bS5 77 COVID-19
Il AR AR B8 VE M (NCT04255017 A NCT04261270)
2.9 BE;&iEHE (baloxavirmarboxil) & b 35 s
FE IR B A 24 /3 7] (Shionogi & Co., Ltd.) A% K il 24
S [E I BB R TR 254, 2018 4 3K FDA L HE |
i, 697 I R AN T 48 h i) H Y F 2 3
LI B KL B, G AME X AR I JBOE RLAE 1 I PR
R (NCT03684044) IE/EHEAT . ELI& ¥ FHERAE ML
1) A2 3 e 3 A 4 1) A R B cap 1O L A% TR N D) g
(cap-dependent endonuclease) FH Wi i 87 2 5 4 B fiE
PRvE P, f 20 1) U IO B mRINA (1 42 &, B T 75
A . IR BRI TC cap I IZ IR N DI KI5, B
AIARAT R G T ISV FHERP RN BRE R RIE . £1%
COVID-19, A P 50 J A FH B9 0 5 18 1 1 R a0
1 VE M (ChiCTR2000029548 £ ChiCTR2000029544) .
2.10 &FE (chloroquine) &M /& —Ff O T JE 24,
1934 H i - 4% 4% (Hans Andersag) & BPY, G
XT R TR E R = H 2 R (P, malariae) L, BA A
ORI B) H S B o A 9 i B (P falciparum) B
PO . B AT S I ) 4T A R A B,
JEE A AN B8 2 A RD R P L2 R 1, T 00 1 DR R
FAUA, e Ah, S TR T I AR OK B R HUE (2R
AR DT R M A BEAR I

B T S0 1 A | 2 A 1 A e g% R YT
P, BF 50 VBT R T IR, R I E X HIV-1
A HIV-2 44 1 8% G HL A J00 & 1, 2 B0 )ik B2 o
3 umol-L1M G ER T 3. TTARF L BoR, & H O IR & e
800 mg, ] FEAK S BB R TR A L, ek, 24
PRANIUIR BRI T R, ST 2 o R R A S
PE, G B B3 B s BT 28 R B 10 B A EE AN
PR 7 05

5 S PR R B I 5T 5 T, BL7E 20 140 80 AN
90 A A & H/ N BT 4955 (mouse hepatitis virus,
MHV) 52520 1 101 1 2F 5 IR 9% 2 (bovine coronavirus,
BCoV) & #EfiE . SARS-CoV HiHl )5, #F 7T & on
ST SARS-CoV 14 #M ik Je A #1113 1 (ECqy: 0.1~
8.8 umol- L4550 fA& Py 24 2 2% 45 R B oo, S X
SARS-CoV /& 4k 5| 2 1) i 4 hE S LA 2 i AFE H, (HA

43 1 35 P4 SARS-CoV #k &P, St S i il SARS-
CoV S il [RHL I, A BF 78I\ S0 1T 52 M0 1 3= 41 i 1
W 5 A, % T R 3 A2 0 i 00 35 M, AT T 3R ACE2
IE bl A T R, A & BE T T SARS-CoV 5 3L 32 &
ACE2 [ 454151, 2014 45, NATTJF & T S $iL MERS-
CoV [RIHF 78, M A 24 2505 4 S Si o S mT 1 i) MERS-
CoV gy, J 2P E i 9 FF A 3.0~6.275 pmol - L1 16571,
RR LG T &0 F 796 97 e IR B B gL I PR 56 £ s
Al fEZ 08, 7 I OHT e 1 1 R A SR, BT A D
BT SR A BT SARS-CoV-2 24 R 2, 45 5 8o ook
Ak FE 2 1.13 pmol-L?, ECyy A 6.90 umol-L 0,
BUEF] 202092 H 14 H, LA 4 TR MBS {38 H 5
W Y 97 3BT 76 It 48 (1) R X B Ay A o
211 #EFE (hydroxychloroquine)  #% & tH /& —
FhUHE 24, 1955 AE ik i, FLmh k2 3 T /bt
JEVEE, G R IE RAE 5 S R B0 [R], (AR e T e B
2 T 2RI 5 35 2 R ZL BEARE (176 9709

YA T YUREENS, M AERERRET
A, B HE R A T S BT Lm R
A0S0 IR AT BIF 5 I s e S X 1R 1R o RN JE R
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SARS-CoV ifi: N ECs,: 8.0~34 pymol-L 15784 %f MERS-
CoV - HMh ik 4 8.279 pumol - L1157, %5 48 e IR 97
(feline coronavirus) - £ 47 fil] ¥ £ 24 28 pumol-L* 064,
SRR, AR I T 2 EEH T 677 6 IR 85 e IR PR
50 H A v] ik 2 08, ok WL R S Bt SARS-CoV-2
EEBEIRGE. 822 14 H, LE 5 R A
YEYTHTEE I 2 ) PR R A v A

DL b 14 Ff 24 4 s ph B & AR 25 H TR T
COVID-19 Il PRAASE I A9 T3 1.
3 REERE

HE AL LSk, ol e R B 5 R I E K O
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HIHEAT 0 0T, B A1 JE S RARp # 71) HIV 38 % 5% g
FH 5 HIV B i 0 ) 70 L B B 255 25 90 A0 L IE 52
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A, B AR 0 56 IR 98 7 24 2805 B PR e T
IR YT COVID-19 I R IR 56 1 55 B AK 4 . 7E DU EE 24
WIS A, T R 9 B ST 56 2% A 0 R R M 1R 20 o 7
T2 BT R RIS S 2457 B B R T AR, BT DA M
15 LR, AT EEIG PR S 1 25 W F0 2 2 5l i b . R
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Table 1  Chemical drugs in clinical registration to treat Corona Virus Disease 2019(COVID-19). SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2; MERS-CoV: Middle East respiratory syndrome-related coronavirus. The information is retrieved from the Chinese

Clinical Trial Registry (http://www.chictr.org.cn/index.aspx) and Clinicaltrials.gov as of February 14th, 2020 of which without ethics review

is excluded
Activity (in vitro, L
L. . Activity L. . . R
L in vivo, or clinical ) . . Medication regimen (including
Original indication . against Clinical trials - S
Name & target data) against SARS-CoV-2 identifier combination mgd'lcatlo.n, dosage
SARS-CoV or reported and administration)
MERS-CoV reported
Remdesivir Ebola virus disease Yes®! Yes!" NCT04252664 200 mg loading dose on day 1,
(Phase I1); NCT04257656 followed by 100 mg iv once-daily
RNA-dependent RNA maintenance doses for 9 days
polymerase inhibitor
Favipiravir Influenza treatment; No Yes!" ChiCTR2000029544  + current antiviral treatment
RNA-dependent RNA ChiCTR2000029548 600 mg tid with 1 600 mg first loading
polymerase inhibitor dosage for no more than 14 days
ChiCTR2000029600  + alpha-interferon atomization
Lopinavir/ A fixed dose combination Yesl216] No NCT04252885 2 tablets (200 mg / 50 mg tablet) g12 h
ritonavir for HIV/AID treatment; for 7-14 days + ordinary treatment
Lopinavir: protease NCTO04255017 500 mg bid for 2 weeks+ symptomatic
inhibitor supportive treatment
Ritonavir: protease NCT04261907 2 tablets (200 mg / 50 mg tablet) bid
inhibitor and inhibitor of for 14 days + conventional standard-
CYP3A4 ized treatment
ChiCTR2000029308 2 tablets (200 mg /50 mg tablet)bid +
interferon-a2b (IFNa2b)
ChiCTR2000029387  + IFNa2b + ribavirin
ChiCTR2000029468  + emtritabine (FTC)/ tenofovir alafen-
amide fumarate tablets (TAF)
ChiCTR2000029539  + conventional standardized treatment
ChiCTR2000029541 400 mg /100 mg bid + conventional
treatment containing thymosin (1.6 mg
SC QOD)
ChiCTR2000029548 2 tablets (200 mg / 50 mg tablet) bid
for 14 days
ChiCTR2000029573 500 mg/100 mg/time bid + novaferon
injection 20 g/ timeatomized inhala-
tionbid
ChiCTR2000029603  + conventional standardized treatment
ChiCTR2000029741  Monotherapy
ChiCTR2000029759  + IFN aerosol inhalation
Emtricitabine/ A fixed dose combination No No ChiCTR2000029468  + lopinavir / ritonavir
tenofovir for HIV/AID treatment;
alafenamide  Emtricitabine: nucleoside
reverse transcriptase
inhibitor
Tenofovir alafenamide:
nucleoside reverse
transcriptase inhibitor
Darunavir/ A fixed dose combination No Yesl?2:2] NCT04252274 1 tablet (800 mg/150 mg) qd for
cobicistat for HIV/AID treatment; 5 days + conventional treatments

Darunavir: protease
inhibitor
Cobicistat: CYP3A4
inhibitor

ChiCTR2000029541

1 tablet (800 mg/150 mg) qd +
conventional treatment containing
thymosin (1.6 mg SC QOD)
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Continued

Activity (in vitro,

L . Activity L . . .
o in vivo, or clinical . . ) Medication regimen (including
Original indication ) against Clinical trials o L
Name data) against . e combination medication, dosage
& target SARS-CoV-2 identifier . ;
SARS-CoV or reported and administration)
MERS-CoV reported
ASCO09/ A fixed dose combination No No NCTO04261270 ASCO9F one tablet(400 mg/tablet) bid
ritonavir for HIV/AID treatment for 14 days + oseltamivir tablet 75 mg qd;
(ASCO09F) (Phase lla); Ritonavir three tablets (100 mg / tablet)
ASCO09: protease bid for 14 days + oseltamivir tablet 75
inhibitor mg qd
NCT04261907 ASCO09F (300 mg/100 mg tablet) one
tablet bid for 14 days, + conventional
standardized treatment
ChiCTR2000029603  ASCO9F + conventional standardized
treatment
ChiCTR2000029759  ASCO9F + IFN aerosol inhalation
Arbidol Influenza treatment; Yes3] Yes!??! NCT04255017 0.2 g once, tid, 2 weeks
Inhibits viral entry by NCTO04254874 0.2 g tid, 2 weeks = IFN a2b (45 pg +
interfering with 2mL sterile water bid) atomization
clathrin-dependent NCT04252885 200 mg tid for 7-14 days + ordinary
trafficking treatment
NCTO04260594 2 tablets tid for 14 to 20 days + basic
treatment
ChiCTR2000029573 200 mg tid + recombinant cytokine
gene derived protein injection (novafer-
on injection) 20 g / time atomized inha-
lation tid
ChiCTR2000029759 0.2 g tid for 14 days + a-IFN aerosol
inhalation
Baloxavir Influenza treatment; No No ChiCTR2000029544  + current antiviral treatment
marboxil An inhibitor of influenza ChiCTR2000029548 80 mg on day1, 80 mg on day 4; and
virus' cap-dependent 80 mg on day 7 as necessary. No more
endonuclease activity than 3 times administration in total
Oseltamivir Influenza treatment; No No NCT04255017 75 mg bid for 2 weeks
Neuraminidase inhibitor NCT04261270 75 mg qd +1 tablet ASCO9F(400 mg/
tablet) bid for 14 days or 3 tablets rito-
navir (100 mg / tablet) bid for 14 days.
Chloroquine  Malaria treatment; Yeste=4-57 Yes!! ChiCTR2000029542 0.5 g bid for 10-day + conventional
Caps hemozoin to management
prevent biocrystallization ChiCTR2000029609  * lopinavir/ritonavir
of heme ChiCTR2000029741  Monotherapy
ChiCTR2000029826 2 tablets bid + therapy recommended
by "New Coronavirus Infected Pneu-
monia Diagnosis and Treatment
Scheme (revision of Trial Version 5)"
Hydroxychlo- Malaria treatment; Yesl5764 No NCT04261517 400 mg per day for 5 days + conven-

roquine

Caps hemozoin to
prevent biocrystallization
of heme

ChiCTR2000029559
ChiCTR2000029760
ChiCTR2000029761

ChiCTR2000029762

tional treatments

0.1 g bid or 0.2 g bid

Monotherapy

Low/medium/high-dose + conventional
therapy

+ conventional treatment
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TN AR T e H I A, R R SR BT
I BE 2 VP B TR B Bt IR s B A At =
G TR0 75 B 25 W I R A1 KO 1) 95 975 B 24 3K
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SE IR AR MY BORFEAE A, 0 B8R At = A AR TR B
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b, 24 Bl T COVID-19 [ s A iR 36 254 (B 72 175 =5 A
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JA B A A B AR TN PR R, AR I TR
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HI 3T SARS-CoV-2 254, 4 bk 8 15 1 B H &5 o 20k
ST e H I B0 9 B VR T R AR TR AT &

References

[1] National
Republic of China. Update on the 2019 Novel Coronavirus in
China 02/20/202024:00 [EB/OL]. 2020 [2020-02-20]. http://www.
nhc. gov. cn/xcs/yqfkdt/202002/ac1e98495ch04d36b0d0adele7fab
545.shtml.

[2] Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak

Health and Health Commission of the people's

associated with a new coronavirus of probable bat origin [J].
Nature, 2020 [2020-02-03]. https://doi.org/10.1038/s41586-020-
2012-7.

[3] Masters PS. The molecular biology of coronaviruses [M] // Karl
Maramorosch AS. Advances in Virus Research. Vol 66. New
York: Academic Press, 2006: 193-292.

[4] Warren TK, Jordan R, Lo MK, et al. Therapeutic efficacy of the

(5]

6]

[71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

small molecule GS-5734 against Ebola virus in rhesus monkeys
[J]. Nature, 2016, 531: 381-385.

Sheahan TP, Sims AC, Graham RL, et al. Broad-spectrum antiviral
GS-5734 inhibits both epidemic and zoonotic coronaviruses [J].
Sci Transl Med, 2017, 9: eaal3653 .

de Wit E, Feldmann F, Cronin J, et al. Prophylactic and therapeutic
remdesivir (GS-5734) treatment in the rhesus macaque model of
MERS-CoV infection [J]. Proc Natl Acad Sci, 2020: 201922083.

Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019-
nCoV) in vitro [J]. Cell Res, 2020, 30: 1-3.

Sidwell RW, Barnard DL, Day CW, et al. Efficacy of orally
administered T-705 on lethal avian influenza A (H5N1) virus
infections in mice [J]. Antimicrob Agents Chemother, 2007, 51:
845-851.

Furuta Y, Takahashi K, Shiraki K, et al. T-705 (favipiravir) and
related compounds: novel broad-spectrum inhibitors of RNA
viral infections [J]. Antiviral Res, 2009, 82: 95-102.

Baranovich T, Wong SS, Armstrong J, et al. T-705 (favipiravir)
induces lethal mutagenesis in influenza A HIN1 viruses in vitro
[J]. J Virol, 2013, 87: 3741-3751.

Guo J, Guo Y. The in vitro HAART pharmacodynamics study
with dolutegravir as the "anchor” [J]. Acta Pharm Sin (% 2% %%
#i2), 2015, 50: 50-58.

Chen F, Chan KH, Jiang Y, et al. In vitro susceptibility of 10
clinical isolates of SARS coronavirus to selected antiviral
compounds [J]. J Clin Virol, 2004, 31: 69-75.

Chu CM, Cheng VCC, Hung IFN, et al. Role of lopinavir/ritonavir
in the treatment of SARS: initial virological and clinical findings
[J]. Thorax, 2004, 59: 252-256.

Stockman LJ, Bellamy R, Garner P. SARS: systematic review of
treatment effects [J]. PLoS Med, 2006, 3: e343.

Chan JFW, Yao Y, Yeung ML, et al. Treatment with lopinavir/
ritonavir or interferon- f1b improves outcome of MERS-CoV
infection in a nonhuman primate model of common marmoset
[J]. J Infect Dis, 2015, 212: 1904-1913.

de Wilde AH, Jochmans D, Posthuma CC, et al. Screening of an
FDA-approved compound library identifies four small-molecule
inhibitors of middle east respiratory syndrome coronavirus
replication in cell culture [J]. Antimicrob Agents Chemother,
2014, 58: 4875-4884.

Zumla A, Chan JFW, Azhar EI, et al. Coronaviruses - drug
discovery and therapeutic options [J]. Nat Rev Drug Discov,
2016, 15: 327-347.

Jiang H, Deng HF, Wang Y, et al. The possibility of using
Lopinave/Litonawe (LPV/r) as treatment for novel coronavirus
2019-nCoV pneumonia: a quick systematic review based on
earlier coronavirus clinical studies [J]. Chin J Emerg Med (&
fisE IR E), 2020, 29: 182-186.

Lim SG, Ng TM, Kung N, et al. A double-blind placebo-



364

Zy%% %4k Acta Pharmaceutica Sinica 2020, 55(3): 355 —365

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

controlled study of emtricitabine in chronic hepatitis B [J]. Arch
Intern Med, 2006, 166: 49-56.

USDHHS. FDA approves Vemlidy® (tenofovir alafenamide) for
chronic hepatitis B in adults [EB/OL]. 2016 [2016-11-21]. https:
/Iwww. hhs. gov/hepatitis/blog/2016/11/21/fda-approves-vemlidy-
tenofovir-alafenamide-for-chronic-hepatitis-b-in-adults.html.
Lascar RM, Benn P. Role of darunavir in the management of
HIV infection [J]. HIV AIDS (Auckl), 2009, 1: 31-39.

Hubei Daily (3#-t H 4k). "Abidol and darunavir appears to effec-
tively supress coronavirus": Prof. Lanjuan Li and her team in
Wuhan [EB/OL]. 2020 [2020-02-05]. http://wjw. hubei. gov. cn/
bmdt/ztzI/fkxxgzbdgrfyyq/jkkp/202002/t20200205_2019431.
shtml.

Beck BR, Shin B, Choi Y, et al. Predicting commercially avail-
able antiviral drugs that may act on the novel coronavirus (2019-
nCoV), Wuhan, China through a drug-target interaction deep
learning model [J]. bioRxiv, 2020. DOI: 10.1101/2020.01.31.
929547.

Trofimov FA, Tsyshkova NG, Zotova SA, et al. Synthesis of a
new antiviral agent, arbidole [J]. Pharm Chem J, 1993, 27: 75-76.
Boriskin YS, Leneva IA, Pecheur El, et al. Arbidol: a broad-spec-
trum antiviral compound that blocks viral fusion [J]. Curr Med
Chem, 2008, 15: 997-1005.

Berendsen BJA, Wegh RS, Essers ML, et al. Quantitative trace
analysis of a broad range of antiviral drugs in poultry muscle
using column-switch liquid chromatography coupled to tandem
mass spectrometry [J]. Anal Bioanal Chem, 2012, 402: 1611-
1623.

Leneva IA, Burtseva El, Yatsyshina SB, et al. Virus susceptibility
and clinical effectiveness of anti-influenza drugs during the
2010; 2011 influenza season in Russia [J]. Int J Clin Infect Dis,
2016, 43: 77-84.

Shi L, Xiong H, He J, et al. Antiviral activity of arbidol against
influenza A virus, respiratory syncytial virus, rhinovirus, cox-
sackie virus and adenovirus in vitro and in vivo [J]. Arch Virol,
2007, 152: 1447-1455.

Brooks MJ, Burtseva El, Ellery PJ, et al. Antiviral activity of
arbidol, a broad-spectrum drug for use against respiratory viruses,
varies according to test conditions [J]. J Med Virol, 2012, 84:
170-181.

Zhong Q, Yang Z, Liu Y, et al. Antiviral activity of arbidol
against Coxsackie virus B5 in vitro and in vivo [J]. Arch Virol,
2009, 154: 601-607.

Zhao C, Zhao Y, Chai H, et al. Synthesis and in vitro anti-hepatitis
B virus activities of some ethyl 5-hydroxy-1H-indole-3-carboxyl-
ates [J]. Bioorg Med Chem, 2006, 14: 2552-2558.

Pécheur El, Lavillette D, Alcaras F, et al. Biochemical mechanism
of hepatitis C virus inhibition by the broad-spectrum antiviral
arbidol [J]. Biochemistry, 2007, 46: 6050-6059.

Blaising J, Lévy PL, Polyak SJ, et al. Arbidol inhibits viral entry

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

by interfering with clathrin-dependent trafficking [J]. Antiviral
Res, 2013, 100: 215-219.

Wang H, Yang P, Liu K, et al. SARS coronavirus entry into host
cells through a novel clathrin- and caveolae-independent endo-
cytic pathway [J]. Cell Res, 2008, 18: 290-301.

Khamitov RA, Loginova SY, Shchukina VN, et al. Antiviral
activity of arbidol and its derivatives against the pathogen of
severe acute respiratory syndrome in the cell cultures [J]. Vopr
Virusol, 2008, 53: 9-13.

Guo YH, Li J, Chen QF, et al. Long-term outcomes in patients
with severe acute respiratory syndrome treated with oseltamivir:
a 12-year longitudinal study [J]. Int J Clin Exp Med, 2019, 12:
12464-12471.

Li W, Hulswit RJG, Widjaja I, et al. Identification of sialic acid-
binding function for the Middle East respiratory syndrome coro-
navirus spike glycoprotein [J]. Proc Natl Acad Sci, 2017, 114:
E8508-E8517.

Tan ELC, Ooi EE, Lin CY, et al. Inhibition of SARS coronavirus
infection in vitro with clinically approved antiviral drugs [J].
Emerg Infect Dis, 2004, 10: 581-586.

Bleibtreu A, Jaureguiberry S, Houhou N, et al. Clinical manage-
ment of respiratory syndrome in patients hospitalized for sus-
pected Middle East respiratory syndrome coronavirus infection
in the Paris area from 2013 to 2016 [J]. BMC Infect Dis, 2018,
18: 331.

Physicians Weekly. Cocktail of flu, HIV drugs appears to help
fight coronavirus: Thai doctors [EB/OL]. 2020 [2020-02-03].
https://www.physiciansweekly.com/cocktail-of-flu-hiv/.

Scott HH. Manson's tropical diseases [J]. Br Med Bull, 1951, 7:
217-218.

Hempelmann E. Hemozoin biocrystallization in Plasmodium
falciparum and the antimalarial activity of crystallization inhibi-
tors [J]. Parasitol Res, 2007, 100: 671-676.

Drugs.com. Chroloquine [EB/OL]. https://www.drugs.com/mtm/
chloroquine.html.

Savarino A, Gennero L, Chen HC, et al. Anti-HIV effects of
chloroquine: mechanisms of inhibition and spectrum of activity
[J]. AIDS, 2001, 15: 2221-2229.

Savarino A, Shytaj IL. Chloroquine and beyond: exploring anti-
rheumatic drugs to reduce immune hyperactivation in HIV/AIDS
[J]. Retrovirology, 2015, 12: 51-60.

Sperber K, Louie M, Kraus T, et al. Hydroxychloroquine treat-
ment of patients with human immunodeficiency virus type 1 [J].
Clin Ther, 1995, 17: 622-636.

Ooi E, Chew J, Loh J, et al. In vitro inhibition of human
influenza A virus replication by chloroquine [J]. Virol J, 2006,
3:39-41.

Delvecchio R, Higa L, Pezzuto P, et al. Chloroquine, an endocy-
tosis blocking agent, inhibits Zika virus infection in different cell
models [J]. Viruses, 2016, 8: 322-336.



o RAR RN TORR A 26T IR R 25 - 365

[49]

[50]

[51]

[52]

[53]

(54]

[55]

[56]

(57]

Borges MC, Castro LA, Fonseca BALD. Chloroquine use im-
proves dengue-related symptoms [J]. Mem Inst Oswaldo Cruz,
2013, 108: 596-599.

Darryl F, David S, Joseph BP, et al. Lack of protection against
Ebola virus from chloroquine in mice and hamsters [J]. Emerg
Infect Dis, 2015, 21: 1065.

Mizzen L, Hilton A, Cheley S, et al. Attenuation of murine coro-
navirus infection by ammonium chloride [J]. Virology, 1985,
142: 378-388.

Krzystyniak K, Dupuy JM. Entry of mouse hepatitis virus 3 into
cells [J]. J Gen Virol, 1984, 65: 227-231.

Payne HR, Storz J, Henk WG. Initial events in bovine coronavi-
rus infection: analysis through immunogold probes and lysoso-
motropic inhibitors [J]. Arch Virol, 1990, 114: 175-189.

Vincent MJ, Bergeron E, Benjannet S, et al. Chloroquine is a
potent inhibitor of SARS coronavirus infection and spread [J].
Virol J, 2005, 2: 69-78.

Savarino A, Di Trani L, Donatelli I, et al. New insights into the
antiviral effects of chloroquine [J]. Lancet Infect Dis, 2006, 6:
67-69.

Barnard DL, Day CW, Bailey K, et al. Evaluation of immuno-
modulators, interferons and known in vitro SARS-CoV inhibi-
tors for inhibition of SARS-CoV replication in BALB/c mice [J].
Antiviral Chem Chemother, 2006, 17: 275-284.

Dyall J, Coleman CM, Hart BJ, et al. Repurposing of clinically

[58]

[59]

[60]

[61]

(62]

(63]

[64]

developed drugs for treatment of Middle East respiratory syn-
drome coronavirus infection [J]. Antimicrob Agents Chemother,
2014, 58: 4885-4893.

Mo Y, Fisher D. A review of treatment modalities for Middle
East respiratory syndrome [J]. J Antimicrob Chemother, 2016,
71: 3340-3350.

Hydroxychloroquine [M] // LiverTox: Clinical and Research
Information on Drug-Induced Liver Injury. Bethesda: National
Institute of Diabetes and Digestive and Kidney Diseases, 2012.
Paton NI, Goodall RL, Dunn DT, et al. Effects of hydroxychloro-
quine on immune activation and disease progression among HIV-
infected patients not receiving antiretroviral therapy: a random-
ized controlled trial [J]. JAMA, 2012, 308: 353-361.

Madrid PB, Panchal RG, Warren TK, et al. Evaluation of Ebola
virus inhibitors for drug repurposing [J]. ACS Infect Dis, 2015,
1: 317-326.

Shiryaev SA, Mesci P, Pinto A, et al. Repurposing of the anti-
malaria drug chloroquine for Zika virus treatment and prophylaxis
[3]. Sci Rep, 2017, 7: 15771.

Wang LF, Lin YS, Huang NC, et al. Hydroxychloroquine-inhibited
dengue virus is associated with host defense machinery [J]. J
Interferon Cytokine Res, 2014, 35: 143-156.

Biot C, Daher W, Chavain N, et al. Design and synthesis of
hydroxyferroquine derivatives with antimalarial and antiviral
activities [J]. J Med Chem, 2006, 49: 2845-2849.



