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Abstract: There is no specific drug that has been approved for 2019-nCoV. There are a number of factors that
pose major challenges in their development. Approaches to the development of anti-2019-nCoV include screening
existing broad-spectrum antiviral drugs, repositioning of readily available clinical compounds, and de novo devel-
opment of novel and specific agents for 2019-nCoV. Candidate compounds can be developed either to inhibit virus-
based targets, such as RNA proteases, polymerase, spike glycoproteins, and viral envelop and membrane proteins,
or to inhibit host-based targets, such as receptors and proteases that are utilized by virus for viral entry and endocy-
tosis. Recently, the RNA polymerase remdesivir had demonstrated clinical efficacy in one patient with severe novel
coronavirus pneumonia (NCP). The broad-spectrum viral protease inhibitor Kaletra® is also recommended in the
current NCP clinical practice. Both drugs had lately been proceeded into multiple controlled phase 11 clinical trials
to test their safety and efficacy in NCP. Combinational therapies consisting of multiple drugs provide other viable
options against 2019-nCoV, based on scientific and clinical rationales. Using bioinformatics and database analysis,
we have identified 75 clinically compounds, including 20 marketed compounds, that are efficacious in inhibiting
key targets in virus- and host-based approaches, which may facilitate the development of new therapeutic options
for 2019-nCoV.
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Table 1 Representative compounds that target essential viral enzymes in in vitro testing. 3CLpro: Protease 3C-like; PLpro: Papain-like
protease; RdRp: RNA-derived RNA polymerase; HCV: Viral hepatitis C; N/A: Not available

Target Drug Material Method ICs )
(-log mol-L?)

3CLpro Betulinic acid Coronavirus (SARS-associated) Spectrophotometric assay 5

3CLpro Cryptotanshinone Coronavirus (SARS-associated) Fluorescent assay 3.6

3CLpro Curcumin Coronavirus (SARS-associated) Spectrophotometric assay 44

3CLpro Hesperetin Vero African green monkey kidney cells  Luciferine/luciferase assay 5.1

3CLpro Lopinavir Human immunodeficiency virus type-1 Fluorescent assay 10.9

protease
3CLpro Niclosamide Coronavirus (SARS-associated) Spectrophotometric assay 44
3CLpro Rupintrivir Transmissible gastroenteritis Fluorescence resonance energy transfer <4.3
coronavirus (TGEV) (FRET) assay

PLpro Cryptotanshinone Coronavirus (SARS-associated) Ubiquitin-7-amino-4-methylcoumarin 4.1
as substrate

PLpro Cryptotanshinone Coronavirus (SARS-associated) Arg-Leu-Arg-Gly-Gly-7-amino-4- 5
methylcoumarin as substrate

PLpro Curcumin Coronavirus (SARS-associated) Arg-Leu-Arg-Gly-Gly-7-amino-4- 5.2
methylcoumarin as substrate

PLpro Mercaptopurine Coronavirus (MERS-associated) Fluorescent assay, ubiquitin-7-amino- 4.6
4-trifluoromethylcoumarin as substrate

PLpro Mycophenolic acid Coronavirus (MERS-associated) Fluorescent assay, ubiquitin-7-amino- 3.6

sodium salt 4-trifluoromethylcoumarin as substrate
PLpro Psoralen Coronavirus (SARS-associated) Arg-Leu-Arg-Gly-Gly-7-amino-4- <3.8

methylcoumarin as substrate
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Continued
. 1C,,
Target Drug Material Method (-log mol-L%)
PLpro Tioguanine Coronavirus (MERS-associated) Fluorescent assay, ubiquitin-7-amino- 49
4-trifluoromethylcoumarin as substrate
RdRp ALS-008112 Respiratory syncytial virus Radioactivity assay 7.7
RdRp CBR-2092 Staphylococcus aureus N/A 75
RdRp IDX-20963 Human enzyme (mitochondrial) N/A <33
RdRp Nevirapine Human immunodeficiency virus type-1 Poly(rA)-oligo(dT) as template primer 6.6
RdRp Remdesivir Mycobacterium tuberculosis N/A <37
RdRp Remdesivir Respiratory syncytial virus N/A 6
RdRp Ribavirin HEK293 human embryonic kidney cells  Luciferine/luciferase assay 51
(influenzavirus A (H1N1)-infected)

RdRp Ribavirin Human norovirus N/A 4.2
RdRp Rifalazil Mycobacterium tuberculosis N/A >8.0
RdRp Rifampicin Escherichia coli N/A 7.9
RdRp Rifampicin Mycobacterium tuberculosis N/A 75
RdRp Rifampicin Mycobacterium tuberculosis N/A 7.8
RdRp Rifampicin Staphylococcus aureus N/A 7.8
RdRp Suramin sodium Human norovirus Fluorescent assay 7.6
RdRp Suramin sodium Murine norovirus Fluorescent assay 7.2
RdRp NS5B 2'-C-Methylguanosine HCV N/A 6.9
RdRp NS5B ACH-3422 HCV N/A 5.9
RdRp NS5B AG-21541 HCV Radioactivity assay 7.7
RdRp NS5B AL-335 HCV N/A 6.9
RdRp NS5B Beclabuvir Bovine viral diarrhea virus Radioactivity assay <4.6
RdRp NS5B Beclabuvir HCV Poly(rA)-oligo(dT) as template primer 8.3
RdRp NS5B Cordycepin HCV N/A 4.7
RdRp NS5B Danoprevir HCV N/A 8.3
RdRp NS5B Deleobuvir sodium HCV N/A 7.3
RdRp NS5B Digitoflavone HCV Radioactivity assay 4.9
RdRp NS5B Filibuvir HCV N/A 8
RdRp NS5B GS-6620 HCV RNA as template primer >5.0
RdRp NS5B GSK-2485852 HuH7 human liver cancer cells N/A 7.3
RdRp NS5B GSK-625433 HCV N/A 8.5
RdRp NS5B HCV-371 HCV N/A 6.7
RdRp NS5B mCyd HCV N/A 5.3
RdRp NS5B mCyd HCV N/A 5.5
RdRp NS5B MK-0608 HCV Polymerase assay 7
RdRp NS5B Naringenin Dengue virus Radioactivity assay <43
RdRp NS5B Nesbuvir HCV Radioactivity assay 7.4
RdRp NS5B Nesbuvir HCV N/A 7.5
RdRp NS5B Pinocembrin Dengue virus Radioactivity assay <4.3
RdRp NS5B PSI-6130 HCV Radioactivity assay 5.4
RdRp NS5B PSI-6130 HCV N/A 5.7
RdRp NS5B Quercetin Dengue virus Radioactivity assay 5.5
RdRp NS5B Raltegravir potassium HCV N/A <4.3
RdRp NS5B Ribavirin HCV N/A 45
RdRp NS5B Tegobuvir HCV RNA as template primer 7.1
RdRp NS5B TMC-647055 HCV Transcription assay 7.5
RdRp NS5B Vaniprevir HCV N/A 8
RdRp NS5B Vidarabine HCV N/A 4.3
RdRp NS5B VX-135 HCV N/A 6.2
RdRp NS5B-1a  Beclabuvir HCV Radioactivity assay 8.5
RdRp NS5B-1a Dasabuvir HCV N/A 8.7
RdRp NS5B-1a Dasabuvir HCV N/A >8.0
RdRp NS5B-1a  GS-6620 HCV N/A 6.7
RdRp NS5B-1a  IDX-184 HCV Radioactivity assay 7.1
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RdRp NS5B-1a  IDX-375 HCV N/A 7.8
RdRp NS5B-1a  JTK-853 HCV Uridine incorporation assay 7.8
RdRp NS5B-1a  Nesbuvir HCV N/A 7.4
RdRp NS5B-1a  Ursolic acid HCV Poly(rA)-oligo(dT) as template primer 5
RdRp NS5B-1a  VX-135 HCV N/A >8.5
RdRp NS5B-1b  Beclabuvir HCV Radioactivity assay 8.4
RdRp NS5B-1b  BILB-1941ZW HCV Uridine incorporation assay 7.2
RdRp NS5B-1b  Dasabuvir HCV N/A 8.5
RdRp NS5B-1b  Dasabuvir HCV N/A >5.0
RdRp NS5B-1b  Deleobuvir sodium HCV N/A 7.3
RdRp NS5B-1b  Filibuvir HCV Radioactivity assay 7.1
RdRp NS5B-1b  Filibuvir HCV Radioactivity assay <7.0
RdRp NS5B-1b Filibuvir HCV N/A 8.2
RdRp NS5B-1b  GS-6620 HCV N/A 6.3
RdRp NS5B-1b  IDX-184 HCV Radioactivity assay 6.5
RdRp NS5B-1b  IDX-375 HCV N/A 8.3
RdRp NS5B-1b  JNJ-54257099 HCV Uridine incorporation assay 6.9
RdRp NS5B-1b  Lomibuvir HCV Radioactivity assay 7.3
RdRp NS5B-1b  Lomibuvir HCV Radioactivity assay 8.2
RdRp NS5B-1bh  MK-3281 HCV Uridine incorporation assay 52
RdRp NS5B-1b  Nesbuvir HCV N/A 7.4
RdRp NS5B-1b  PSI-352938 HCV Uridine incorporation assay 6
RdRp NS5B-1b  PSI-6130 HuH7 human liver cancer cells Viral replication assay 7.2
RdRp NS5B-1b  Radalbuvir HCV Radioactivity assay 7.4
RdRp NS5B-1b  Silybin HCV Radioactivity assay 3.1
RdRp NS5B-1b  Silymarin HCV Radioactivity assay 35
RdRp NS5B-1b  Taxifolin HCV Radioactivity assay <2.8
RdRp NS5B-1b  Tegobuvir HCV Radioactivity assay <4.0
RdRp NS5B-1b VX-135 HCV N/A 7.9
RdRp NS5B-2a  Dasabuvir HCV Uridine incorporation assay 4.8
RdRp NS5B-2a  GS-6620 HCV N/A 6.2
RdRp NS5B-2a IDX-184 HCV Radioactivity assay 6.9
RdRp NS5B-2a  IDX-375 HCV N/A <6.0
RdRp NS5B-2a  JTK-853 HCV Uridine incorporation assay <5.0
RARpNS5B-2a PSI1-352938 HCV Uridine incorporation assay 5.3
RdRp NS5B-2a Ursolic acid HCV Poly(rA)-oligo(dT) as template primer 5.1
RdRp NS5B-2a  VX-135 HCV N/A 6.7
RdRp NS5B-2b  Beclabuvir HCV Radioactivity assay 6.8
RdRp NS5B-2b  IDX-184 HCV Radioactivity assay 6.9
RdRp NS5B-2b  VX-135 HCV N/A 7
RdRp NS5B-3a  Beclabuvir HCV Radioactivity assay 8.7
RdRp NS5B-3a  GS-6620 HCV N/A 7.3
RdRp NS5B-3a  IDX-375 HCV N/A <6.0
RdRp NS5B-3a  JTK-853 HCV Uridine incorporation assay 6.6
RdRp NS5B-3a PS1-352938 HCV Uridine incorporation assay 5.9
RdRp NS5B-3a  VX-135 HCV N/A 6.9
RdRp NS5B-4a GS-6620 HCV N/A 7
RdRp NS5B-4a  JTK-853 HCV Uridine incorporation assay 6.7
RdRp NS5B-4a PS1-352938 HCV Uridine incorporation assay 5.4
RdRp NS5B-4a  VX-135 HCV N/A 6.4
RdRp NS5B-5a  Beclabuvir HCV Radioactivity assay 8.3
RdRp NS5B-5a  GS-6620 HCV N/A 6.9
RdRp NS5B-5a V' X-135 HCV N/A 7.3
RdRp NS5B-6a  Beclabuvir HCV Radioactivity assay 7.2
RdRp NS5B-6a  GS-6620 HCV N/A 7
RdRp NS5B-6a  VX-135 HCV N/A 7.4
RdRp PB2 ACH-3422 Polymerase PB2 N/A <4.0
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Table 2 Representative compounds that target host receptor and proteases utilized by CoV for viral entry, and in vitro testing results.

ACE2: Angiotensin-converting enzyme 2; TMPRSS2: Transmembrane protease, serine 2

Target Drug Material Method ICs 7
(-log mol-L?)

ACE2 Captopril Human enzyme Angiotensin | as substrate <3.0

ACE2 MLN-4760 Heart, mouse 2,4-Dinitrophenyl-7-methoxycoumarin 4.7
as substrate

ACE2 MLN-4760 Mononuclear cells (bone marrow), mouse 2,4-Dinitrophenyl-7-methoxycoumarin 6.9
as substrate

ACE2 MLN-4760 Recombinant human enzyme 2,4-Dinitrophenyl-7-methoxycoumarin 8.5
as substrate

ACE2 N-(2-Aminoethyl)-1-  Recombinant human enzyme Peptide 7Mca-Y-V-A-D-A-PK(Knp)- 4.2

aziridineethanamine OH as substrate
ACE2 N-(2-Aminoethyl)-1- ~ SARS Sl-expressing cells Beta-galactosidase activity <4
aziridineethanamine

ACE2 Peptide 4 Hela cells with ACE2 SARS pseudovirus infection 4.3

ACE2 Peptide 5 HeLa cells with ACE2 SARS pseudovirus infection 5.2

ACE2 Propofol Artery (pulmonary), human RNA assay 5

ACE2 Tiliquinol Recombinant human enzyme Peptide 7Mca-Y-V-A-D-A-PK(Knp)- 2.7
OH as substrate

Furin Agmatine Recombinant human enzyme L-pyroGlu-Arg-Thr-Lys-Arg-7-amino-4- <7.1
methylcoumarin as substrate

Furin Andrographolide Human enzyme Fluorescent assay 3.7

TMPRSS2 ABBV-075 LNCaP clone FGC human prostate cancer cells ~ RNA assay 8.7

TMPRSS2 Apalutamide LNCaP human prostate carcinoma cells RNA assay 6.3

(androgen-dependent)
TMPRSS2 Bicalutamide LNCaP human prostate carcinoma cells RNA assay 6.1
(androgen-dependent)
TMPRSS2 Camostat Human enzyme, trypsin 7.3
TMPRSS2 Enzalutamide LNCaP clone FGC human prostate cancer cells ~ RNA assay 6.7
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Table 3 Detailed analysis of identified marketed drugs, using enzalutamide as an example

Drug

Enzalutamide

TMPRSS2
Molecular: androgen receptor antagonists;
Cellular: signal transduction modulators

Target
Mechanism of action

Condition

Active: cancer [bladder, endometrium, prostate metastatic, salivary glands, liver (hepatocellular carcinoma), ovary

(epithelial), pancreas (adenocarcinoma), prostate (castration-resistant)];
Inactive: cancer [breast, prostate, triple negative breast cancer, peritoneum, fallopian tube, kidney (renal cell carcinoma,

clear cell)]
Administration route  Oral
Organizations

Original: Astellas Pharma, Medivation; Active: Astellas Pharma, Medivation; Inactive: Shanghai Fosun Pharmaceutical

(Group), State University of New Jersey (Rutgers), University of California, Oakland

Calculated properties
LOGD pH 7.4 =2.13
Therapeutic groups

CLOG P =2.13; PSA = 108.53; FRB =5.00; MW = 464.44; H DON = 1.00; H_ACC = 6.00; SOL pH 7.4 = 0.00;

Renal Cancer Therapy, Prostate Cancer Therapy, Oncolytic Drugs, Bladder Cancer Therapy , Ovarian Cancer Therapy,

Pancreatic Cancer Therapy, Liver Cancer Therapy, Breast Cancer Therapy, Female Reproductive System Cancer Therapy,

Head and Neck Cancer Therapy

Name brand Xtandi
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