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Abstract:  Severe Acute Respiratory Syndrome-Coronavirus 2 (SARS-CoV-2) is a novel coronavirus 

that caused a global epidemic named COVID-19. This disease continues to kill thousands of people 

around the world. Physiopathological studies showed that different organs such as lungs, brain, kidneys, 

immune system, and heart are affected directly and/or indirectly by this disease. With the absence of a 

vaccine, several treatments have been proposed, including old antiviral drugs, synthetic 

pharmacophores, and natural antiviral bioactive compounds. These molecules presented promising 

results with specific action on the virus.  Moreover, other strategies are underway, such as the use of 

monoclonal antibodies, cell therapy, plasma therapy, and vaccine trials. In this work, we highlight the 

therapeutic strategies of COVID-19 natural compounds to vaccine trials.  
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1. Introduction 

Recently, a worldwide epidemic named COVID-19 (Coronavirus disease 2019) was 

produced by a novel virus named Severe Acute Respiratory Syndrome- Coronavirus 2 (SARS-

CoV-2) [1, 2]. This virus belongs to the Coronaviridae family, SARS-CoV-2, and ɓ-

coronavirus genus with MERS-CoV and SARS-CoV [1, 2]. Molecularly, it is a positive-

stranded RNA and contains four structural proteins on their surface (the membrane protein M, 

the envelope protein E, and the spicule S). The spike protein is involved in virus tropism by its 

binding to host cell surfaces.   
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The rapid transmission of SARS-CoV-2 from human-to-human continues to cause real 

health dangers (cause the death of many people and causing enormous social, psychological, 

and economic impacts) [3, 4, 5].  

With the absence of efficacy treatments, COVID-19 induces several clinical symptoms 

of patients infected by SARS-CoV-2 are different and include dry cough, high fever (>38°C), 

fatigue, and some other symptoms such as vomiting myalgia, dyspnea, hemoptysis, sputum 

production, headache, and diarrhea [6ï8]. Moreover, the detection of SARS-CoV-2 is based 

essentially on molecular diagnosis using on Real-Time Polymerase Chain Reaction (RT-PCR) 

technique [9]. 

Pharmacological strategies revealed the in vitro and in vivo efficacy drugs from 

different sources, while specific antiviral therapeutics and vaccines are the most effective 

methods to prevent and treat a viral infection. Up to date, there is any specific drug against the 

new coronavirus [10]. The lockdoAAAAAwn is the only alternative solution to prevent and 

reduce the risk of transmission of this virus. Moreover, several studies are now being 

undertaken to set up treatments that target virus checkpoints such as penetration, de-

encapsulation, transcription, replication, and assembly.  

In this review, the latest advances in vitro and in vivo researches about anti-SARS-

COV-2 active drugs such as natural bioactive compounds and synthetic pharmacophores are 

scientifically explored and give promising results. Finally, all anti-COVID-19 therapeutic 

strategies at clinical trials using synthetic drugs, old antivirals, antibodies, cell therapy, plasma 

therapy, and current vaccine trials are also highlighted and critically discussed.  

2. Preclinical therapeutic strategies 

2.1. Natural bioactive compounds as possible drugs against SARS-CoV-2. 

Since the outbreak of SARS, many researches dedicated themselves in order to find anti 

coronavirus agents, including the secondary metabolites as alkaloids, flavonoids, terpenoids, 

glycosides, tannins, etc., that exist in herbal medicines. In all studies, the hypothesizes suggest 

that the receptor inhibitors, and the inhibition of proteins, which are essential for viral entry 

and replication of SARS-CoV, are the main attractive targets to discover a potential antiviral 

treatment for the human pathogen coronavirus. Table 1 summarizes all studies screened and 

confirmed the direct inhibition of SARS-CoV by some natural compounds in silico, in vitro, 

and in vivo. 

 

Table 1. Anti-COVID effects of natural compounds isolated from medicinal plants 

Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

Alkaloids  Capsaicin 

 

Allium sativum SARS-CoV-2 Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual dockers) 

software. 

Stronger bond and high 

affinity to protease 

 

[11] 

Bromocriptine, 

Celsentri, Delavirdine, 

Emend, Golvatinib, 

Maraviroc, Olysio, 

Saquinavir, 

Sovaprevir, 

Tanespimycin 

- SARS-CoV-2  

Molecular Docking 

Analysis 

Stronger bind the N-

terminus and C-terminus 

of the homology model of 

SARS-CoV-2  

Nsp14 

[12] 

Agglutinin, nelfinavir 

 

Galanthus 

nivalis 

Feline coronavirus 

(FCoV)  

Inhibited FCoV replication  
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Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

Feliscatus whole fetus-4 

(fcwf-4) cells 

Cell viability: MTT assay 

microtitration infectivity-

inhibition assay 

Agglutinin more potent 

than nelfinavir with 

IC50=0.0088 nM and 8.19 

ɛM, respectively at MOI 

0.01 (2000 PFU/mL) 

Nelfinavir significantly 

blocked the induction of 

CPE foci at 9.41 ɛM 

Agglutinin strong 

inhibitory activities at all 

concentrations 

Synergistic antiviral effect 

of two agents 

[13] 

indirubin, tryptanthrin, 

indigodole A, 

indigodole B 

Strobilanthes 

cusia 

Human coronavirus NL63 

(HCoV-NL63) infection 

MTT Cytotoxicity Test 

Cytopathic Effect 

Reduction and Virus Yield 

Inhibition Assays 

Infectivity Inhibition 

Assay  

Time-of-

Addition/Removal Assay 

Assays on Virucidal 

Potent antiviral activity  

Prevented the early 

(IC50=0.32 µM) and late 

stages (IC50=0.06 µM) of 

HCoV-NL63 replication 

Strong virucidal activity 

(IC50=0.06 µM) 

Anti-HCoV-NL63 

[13] 

Indirubin, Indican, 

Sinigrin 

 

Isatis indigotica SARS-CoV 3CLpro 

 

Sinigrin and hesperetin 

block the cleavage 

processing of the 3CLpro 

with IC50=217 µM and 8.3 

µM, respectively 

[14] 

Lycorine Lycoris radiata SARS-CoV cytotoxicity 

assay 

Potent antiviral activities 

against SARS-CoV  

EC50 value of 15.7±1.2 nM 

CC50 value in the Vero E6 

and HepG2 cell lines tested 

are 14980.0±912.0 and 

18810.0±1322.0 nM, 

respectively  

selective index (SI) greater 

than 900 

[14] 

Flavonoids  Baicalein, Silibinin - SARS-CoV-2 Molecular 

Docking Analysis 

Stronger bind the N-

terminus and C-terminus 

of the homology model of 

SARS-CoV-2  

Nsp14, 

[12] 

(+)-catechin - Swine testicle cells 

Transmissible 

gastroenteritis virus 

(TGEV H16 strain) 

MTT assay  

Real-time PCR analysis 

Inhibited TGEV 

replication in Swine 

testicle cells 

Reduced the viral yields  

Alleviated ROS conditions 

[15] 

myricetin and 

scutellarein 

- SARS-coronavirus (CoV) 

induced severe acute 

respiratory syndrome 

(SARS) 

SARS helicase, nsP13, 

and the hepatitis C virus 

(HCV) helicase, NS3h 

Conducting fluorescence 

resonance energy transfer 

(FRET)-based 

double-strand (ds) DNA 

unwinding assay  

Colorimetry-based ATP 

hydrolysis assay. 

Potently inhibit the SARS-

CoV helicase protein 

Inhibited the ATPase 

activity of nsP13 by more 

than 90% at a 

concentration of 10 µM 

With IC50=2.71±0.19 µM 

and 0.86±0.48 µM, 

respectively 

Any effect on the growth 

of MCF10A cells 

Any effect on the helicase 

activity of HCV virus 

 

[16] 

tomentin A; Tomentin 

B; Tomentin C; 

Tomentin D; Tomentin 

Paulownia 

tomentosa 

SARS-CoV PLpro from E. 

coli 

Inhibited PLpro in a dose-

dependent manner  

[17] 
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Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

E; 3'-O-

methyldiplacol; 4'-O-

methyldiplacol; 3'-O-

methyldiplacone; 4'-O-

methyldiplacone; 

mimulone; diplacone; 

6- geranyl-4',5,7-

trihydroxy-3',5'-

dimethoxyflavanone 

SARS-CoV PLpro 

inhibition assay 

IC50 raging between 5.0 

and 14.4 µM. 

ACA, Galangin Curcuma sp. Molecular docking using 

the MOE 2010 program  

SARS-CoV-2 marker 

protein, RBD-S, PD-

ACE2, and SARS-cov-2 

protease 

 

Highest affinity to bind the 

receptors  

Exhibited lowest energy 

binding with docking score 

of -13.51, - 9.61, and -9.50 

to the respected receptor of 

SARS-CoV-2 protease 

(6LU7), Spike 

glycoprotein-RBD 

(6LXT), and PD-ACE2 

(6VW1) 

Better interaction to the 

SARS-CoV-2 protease 

compared to lopinavir 

Better interaction to Spike-

RBD compared to 

nafamostat 

 

 

 

[18] 

Tangeretin, 

Hesperetin, Nobiletin, 

Hesperidin, 

Naringenin,  

Caesalpinia 

sappan 

Molecular docking using 

the MOE 2010 program  

SARS-CoV-2 marker 

protein, RBD-S, PD-

ACE2, and SARS-CoV-2 

protease 

 

Highest affinity to bind the 

receptors  

Exhibited lowest energy 

binding with docking score 

of -13.51, - 9.61, and -9.50 

to the respected receptor of 

SARS-CoV-2 protease 

(6LU7), Spike 

glycoprotein-RBD 

(6LXT), and PD-ACE2 

(6VW1) 

Better interaction to the 

SARS-CoV-2 protease 

compared to lopinavir 

Better interaction to Spike-

RBD compared to 

nafamostat 

[18] 

naringenin, naringin, 

hesperetin, hesperidin, 

neohesperidin, 

nobiletin 

Citrus 

aurantium 

Citrus grandis 

Citrus reticulata 

LC-MS technique for 

analyzed six flavonoids 

Molecular docking 

Binding affinity of 

flavonoids to bind 

Angiotensin-Converting 

enzyme 2 (ACE 2) 

Stronger binding affinity 

the ACE2. 

Naringin had highest 

binding activity to the 

ACE2 enzyme Docking 

energy of -6.85 kcal/mol 

The docking energy of 

naringin, hesperetin and 

narigenin binding to ACE2 

were comparable with 

chloroquine. 

[19] 

Hesperetin, Daidzein Isatis indigotica SARS-CoV 3CLpro 

cell-free assays  

cell-based cleavage assays 

Sinigrin and hesperetin 

blocked the cleavage 

processing of the 3CLpro 

with IC50=217 µM and 8.3 

µM respectively 

[14] 

kaempferol, morin, 

herbacetin, rhoifolin, 

pectolinarin, Daidzein 

 

- SARS-CoV 3CLpro 

Studied interaction of the 

three flavonoids using a 

tryptophan-based 

fluorescence method 

 induced-fit docking 

analysis 

Efficiently blocked the 

enzymatic activity of 

SARS-CoV 3CLpro. 

IC50 of SARS-CoV 3CLpro 

inhibitory activity=33.17, 

27.45, and 37.78 µM, 

respectively  

 

 

 

[20] 
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Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

FRET protease assays 

with the SARS-CoV 

3CLpro 

FRET protease assays 

with the SARS-CoV 

3CLpro in the presence of 

Triton X-100 

Quercetin, daidzein, 

puerarin, 

epigallocatechin, 

epigallocatechin 

gallate, gallocatechin 

gallate, ampelopsin 

 

Pichia pastoris SARS-CoV 3C-like 

protease (SARS-CoV 

3CLpro) 

Molecular docking 

Inhibition assay 

Good inhibition toward 

3CLpro with IC50 values of 

73, 73, and 47 ɛM, 

respectively 

gallocatechin gallate 

showed a competitive 

inhibition pattern with Ki 
value of 25Ñ1.7 ɛM 

gallocatechin gallate 

displayed a binding energy 

of -14 kcal mol-1 to the 

active site of 3CLpro 

 

[21] 

 

amentoflavone, 

bilobetin, ginkgetin, 

sciadopitysin 

Torreyanucifera SARS-CoV 3CLpro 

Molecular docking study 

Enzymatic assays 

SARS 3C-like protease 

(3CLpro) inhibition assay 

Most potent 3CLpro 

inhibitory effect (IC50=8.3 

µM) 

[22] 

Terpenoids Limonene Elettaria SARS-CoV-2 Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual docker) 

software. 

Stronger bond and high 

affinity to protease 

 

[11] 

Thymol Mentha 

pulegium 

SARS-CoV-2  

Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual docker) 

software. 

Stronger bond and high 

affinity to protease 

 

[11] 

ferruginol, 

dehydroabieta-7-one, 

sugiol,[8ɓ-

hydroxyabieta-

9(11),13-dien-12-

one)], 6,7-

dehydroroyleanone, 

pinusolidic acid, Ŭ-

cadinol 

Chamaecyparis 

obtuse var 

formosana 

SARS-CoV-induced 

cytopathogenic effect on 

Vero E6 cells 

Cell-Based Assay 

Utilizing CPE on Vero E6 

Cells via SARS-CoV 

Infection 

cell-based assay 

Cytotoxic Effects: MTT 

assay 

Inhibition of Viral 

Replication in SARS-

CoV-Infected Vero E6 

Cells 

SARS-CoV 3CL Protease 

Inhibition Assay 

Computer Modeling of 

SARS-CoV 3CL Protease 

Inhibition. 

Significant levels (++ to 

+++) of anti-SARS-CoV 

activity at concentrations 

between 3.3 and 10 µM.  

Significant inhibition on 

3CL protease  

 

[23] 

, 3ɓ,12-

diacetoxyabieta-

6,8,11,13-tetraene, 

cedrane-3ɓ,12-diol, 

betulonic acid 

 

Juniperus 

formosana 

SARS-CoV-induced 

cytopathogenic effect on 

Vero E6 cells 

Cell-Based Assay 

Utilizing CPE on Vero E6 

Cells via SARS-CoV 

Infection 

cell-based assay 

Cytotoxic Effects: MTT 

assay 

Inhibition of Viral 

Replication in SARS-

Significant levels (++ to 

+++) of anti-SARS-CoV 

activity at concentrations 

between 3.3 and 10 µM.  

Significant inhibition on 

3CL protease  

 

 

[23] 
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Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

CoV-Infected Vero E6 

Cells 

SARS-CoV 3CL Protease 

Inhibition Assay 

Computer Modeling of 

SARS-CoV 3CL Protease 

Inhibition. 

cryptojaponol, 7 ɓ -

hydroxydeoxycryptoja

ponol 

Cryptomeria 

japonica 

 

SARS-CoV-induced 

cytopathogenic effect on 

Vero E6 cells 

Cell-Based Assay 

Utilizing CPE on Vero E6 

Cells via SARS-CoV 

Infection 

cell-based assay 

Cytotoxic Effects: MTT 

assay 

Inhibition of Viral 

Replication in SARS-

CoV-Infected Vero E6 

Cells 

SARS-CoV 3CL Protease 

Inhibition Assay 

Computer Modeling of 

SARS-CoV 3CL Protease 

Inhibition. 

SARS-CoV activity at 

concentrations between 

3.3 and 10 µM.  

Significant inhibition on 

3CL protease  

 

 

[23] 

Betulin Strobilanthes 

cusia 

Human coronavirus NL63 

(HCoV-NL63) infection 

MTT Cytotoxicity Test 

Cytopathic Effect 

Reduction and Virus Yield 

Inhibition Assays 

Infectivity Inhibition 

Assay  

Time-of-

Addition/Removal Assay 

Assays on Virucidal 

Activity  

Potent antiviral activity  

Prevented the early 

(IC50=0.32 µM) and late 

stages (IC50=0.06 µM) of 

HCoV-NL63 replication 

Strong virucidal activity 

(IC50=0.06 µM) 

Anti-HCoV-NL63 activity 

with IC50 values of 1.52 

µM and 0.30 µM in LCC-

MK2 and Calu-3 cells, 

respectively 

[13] 

Betulin, 18-

hydroxyferruginol, 

hinokiol, ferruginol, 

18-oxoferruginol, O-

acetyl-18-

hydroxyferruginol, 

methyl 

dehydroabietate, 

isopimaric acid, 

kayadiol 

Torreya 

nucifera 

SARS-CoV 3CLpro 

Molecular docking study 

Enzymatic assays 

SARS 3C-like protease 

(3CLpro) inhibition assay 

Most potent 3CLpro 

inhibitory effect (IC50=8.3 

µM) 

[22] 

Tanins Phloroglucinol, 

triphloretol A, eckol, 

dioxinodehydroeckol, 

2-phloroeckol, 7-

phloroeckol, 

fucodiphloroethol G, 

dieckol, 

phlorofucofuroeckol A  

 

Ecklonia cava SARS-CoV 3CLpro 

SARS-CoV 3CLpro trans-

cleavage assay 

SARS-CoV 3CLpro cis-

cleavage assay 

Real-time analysis of 

ligand interaction with 

SARS-CoV 3CLpro by 

surface plasmon resonance 

(SPR) 

Molecular docking 

simulation study 

Inhibitory activities in a 

dose-dependently and 

competitive manner 

Most potent SARS-CoV 

3CLpro trans/cis-cleavage 

Inhibitory effects 

(IC50s=2.7 and 68.1 µM, 

respectively). 

Significantly blocking the 

cleavage of SARS-CoV 

3CLpro in a cell-based 

assay  

Exhibited a high 

association rate in the SPR 

sensorgram 

Formed extremely strong 

hydrogen bonds to the 

catalytic dyad (Cys145 and 

 

[24] 
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Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

His41) of the SARS-CoV 

3CLpro 

Phloroglucinol, Eckol, 

7-Phloroeckol, 

Phlorofucofuroeckol, 

Dieckol 

 

Ecklonia cava Porcine epidemic diarrhea 

virus (PEDV) 

MTT assay 

Antiviral assay 

Hemagglutination 

inhibition (HI) assay 

Real-time PCR analysis 

Western blot analysis 

Confocal fluorescence 

imaging 

In the simultaneous-

treatment assay, 

IC50=10.8±1.4 µM 

In post-treatment assay, 

IC50=12.2±2.8 µM 

Blocked the binding of 

viral spike protein to sialic 

acids at less than 36.6 µM 

[25] 

geraniin, 

tellimagradin, 

punicalin, castalin, 

strictinin, granatin A, 

pedunculagin, 

casuarinin, tercatain, 

bicornin 

- SARS-CoV-2 

Molecular docking 

modeling  

Molecular Operating 

Environment (MOE 

v2009) software 

Interacted with the 

receptor binding site and 

catalytic dyad (Cys145 and 

His41) of SARS-CoV-2 

Successfully inhibit the 

protease enzyme of SARS-

CoV-2  

 

[26] 

Quinone Hypericin, Idarubicin - SARS-CoV-2 

Molecular Docking 

Analysis 

Stronger bind the N-

terminus and C-terminus 

of the homology model of 

the SARS-CoV-2  

Nsp14, 

[12] 

Emodin, Promazine, 

Rhein, 1,4-bis-(1-

anthraquinonylamino)-

anthraquinone 

 

Rheum 

officinale 

and Polygonum 

multiflorum, 

SARS-CoV S 

Biotinylated ELISA 

Immunofluorescence 

assay (IFA) 

3-(4,5-Dimethylthiazol-2-

yl)-2,5-

diphenyltetrazolium 

bromide (MTT) assay 

Significantly blocked the S 

protein and ACE2 

interaction 

Inhibited the infectivity of 

S protein-pseudotyped 

retrovirus to Vero E6 cells. 

Percent inhibition of 

emodin at 50 µM was 

94.12±5.90% 

 

[27] 

Emodin - Coronavirus HCoV-OC43 

Rhabdomyosarcoma cells 

Measurement of virus 

using real-time PCR 

Plaque reduction assay 

Inhibited the 3a ion 

channel of coronavirus 

SARS-CoV and HCoV-

OC43 as well as virus 

release from HCoV-OC43 

K1/2=20 µM 

[28] 

Aloeemodin Isatis indigotica SARS-CoV 3CLpro 

cell-free assays  

cell-based cleavage assays 

Sinigrin and hesperetin 

blocked the cleavage 

processing of the 3CLpro 

with IC50=217 µM and 8.3 

µM, respectively 

 

[14] 

Coumarin Coumarin Glycyrrhiza 

glabra 

SARS-CoV-2 

Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual docker) 

software. 

Stronger bond and high 

affinity to protease 

 

[11] 

psoralen, bergapten, 

xanthotoxin, 

isopimpinellin 

Angelica keiskei SARS-CoV a 

chymotrypsin-like 

protease (3CLpro) and a 

papain-like protease 

(PLpro) 

SARS-CoV 3CLpro cell-

free trans-cleavage 

inhibition assay 

SARS-CoV 3CLpro cell-

based cis-cleavage 

inhibition assay 

SARS-CoV PLpro 

inhibition assay 

Deubiquitination activity 

assay 

Exhibited the most potent 

3CLpro and PLpro inhibitory 

activity with IC50 values of 

11.4 and 1.2 µM. 

Inhibited cell-free trans-

cleavage of SARS-CoV 

3CLpro with IC50=11.4±1.4 

µM 

Inhibited cell-based cis-

cleavage activities of 

SARS-CoV 3CLpro with 

IC50=7.1±0.8 µM 

Exhibited the most potent 

activity with a selectivity 

[29] 
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Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

DeISGylation activity 

assay 

Chymotrypsin activity 

In silico molecular 

simulation study 

AutoDock version 3.0.5 

using AutoDock version 

3.0.5 

index (SI ¼ CC50/EC50) 

value of 9.2. 

IC50 of Deubiquitination 

activity=2.6±0.7 µM 

IC50 of DeISGylation 

activity=5.2±0.4 µM 

Steroidal 

alkaloids 

Verticinone 3-beta-D-

glucoside, Imperialine-

3-ɓ-D-glucoside, 

pseudojervine, 

zhebeininoside, 

Veratroylzygadenine, 

Zhebeinone-3-ɓ-D-

glucoside, 

Mulberroside E, 

Hupehenisine, 

verdineverticinone-3-

ɓ-D-glucoside, (E)-

Resveratrol 3,5-O-ɓ-

diglucoside, peimisine, 

peimisine, 15-O-(2-

Methylbutanoyl)-3-O-

veratroylprotoverine, 

3-Acetylzygadenine, 

Polydatin IV, 

Piceatannol 3,4'-di-ɓ-

D-glucopyranoside, 

puqietinone 

ñAgsirgaò 

species 

SARS-CoV-2 

HPLC-Q-Exactive high-

resolution mass 

spectrometry 

molecular docking 

technology 

AutoDock molecular 

docking software 

blocked the binding of 

ACE2 and SARS-CoV-2 

S-protein at the molecular 

level 

 

[30] 

 

Steroids Sitosterol Strobilanthes 

cusia 

Human coronavirus NL63 

(HCoV-NL63) infection 

MTT Cytotoxicity Test 

Cytopathic Effect 

Reduction and Virus Yield 

Inhibition Assays 

Infectivity Inhibition 

Assay  

Time-of-

Addition/Removal Assay 

Assays on Virucidal 

Activity  

Potent antiviral activity  

Prevented the early 

(IC50=0.32 µM) and late 

stages (IC50=0.06 µM) of 

HCoV-NL63 replication 

Strong virucidal activity 

(IC50=0.06 µM) 

Anti-HCoV-NL63 activity 

with IC50 values of 1.52 

µM and 0.30 µM in LCC-

MK2 and Calu-3 cells, 

respectively 

[13] 

Glycyrrhizic acid 

derivatives, 

Glycyrrhiza 

radix 

SARS-CoV strain FFM1 

Immunocytochemical 

Staining of Viral Antigens 

and 

Visual CPE Assay 

Determination of 

Cytotoxicity using MTT 

assay 

Seven derivatives 

inhibited SARS-CoV 

replication at lower 

concentrations compared 

to GL 

The introduction of N-

acetylgycosamine into the 

glycoside chain of GL (1) 

increased the anti SARS-

CoV activity about 9 times 

compared to GL 

Compound 11 more active 

against SARS-CoV with 

an EC50=5±3 µM 

High cytotoxicity effect 

with CC50=15±3 µM 

Selectivity index (SI)=3 

The immunocytochemical 

staining showed >99% 

suppression of viral 

antigen expression 

 

[31] 

https://doi.org/10.33263/BRIAC111.83188373
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.83188373  

 https://biointerfaceresearch.com/ 8326 

Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

Beta-sitosterol Isatis indigotica SARS-CoV 3CLpro 

cell-free assays  

cell-based cleavage assays 

Sinigrin and hesperetin 

blocked the cleavage 

processing of the 3CLpro 

with IC50=217 µM and 8.3 

µM, respectively 

 

[14] 

Allyls  DiallylDisulfide Allium sativum SARS-CoV-2 

 Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual docker) 

software. 

Stronger bond and high 

affinity to protease 

 

[11] 

Stilbenes Curcumin Curcuma longa SARS-CoV-2 

Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual docker) 

software. 

 

Stronger bond and high 

affinity with protease 

 

[11] 

Curcumin, DMC Citrus sp. Molecular docking using 

the MOE 2010 program  

SARS-CoV-2 marker 

protein, RBD-S, PD-

ACE2, and SARS-CoV-2 

protease 

 

Highest affinity to bind the 

receptors  

Exhibited lowest energy 

binding with docking score 

of -13.51, - 9.61, and -9.50 

to the respected receptor of 

SARS-CoV-2 protease 

(6LU7), Spike 

glycoprotein-RBD 

(6LXT), and PD-ACE2 

(6VW1) 

Better interaction to the 

SARS-CoV-2 protease 

compared to lopinavir 

Better interaction to Spike-

RBD compared to 

nafamostat 

[18] 

Phenylpropan

oids 

Verbascoside Stachys 

schtschegleevi 

SARS-CoV-2 

Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual dockers) 

software 

Stronger bond and high 

affinity to protease 

 

[11] 

Glucosides Glucuronic acid Astraglus 

gossypinus 

SARS-CoV-2 

 Protease 

Molecular Docking 

Analysis using MVD 

(molegro virtual dockers) 

software 

Stronger bond and high 

affinity with protease 

 

[11] 

Lignoids hinokinin, savinin - SARS-CoV-induced 

cytopathogenic effect on 

Vero E6 cells 

Cell-Based Assay 

Utilizing CPE on Vero E6 

Cells via SARS-CoV 

Infection 

cell-based assay 

Cytotoxic Effects: MTT 

assay 

Inhibition of Viral 

Replication in SARS-

CoV-Infected Vero E6 

Cells 

SARS-CoV 3CL Protease 

Inhibition Assay 

Computer Modeling of 

SARS-CoV 3CL Protease 

Inhibition. 

Significant levels (++ to 

+++) of anti-SARS-CoV 

activity at concentrations 

between 3.3 and 10 µM.  

Significant inhibition on 

3CL protease  

 

[23] 
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Chemical 

family  

Compounds  Source  Experimental 

system (model cell line, 

in silico, in vivo) 

Keys 

findings/mechanisms 

insights 

References  

Tanshinones tanshinone IIA, 

tanshinone IIB, methyl 

tanshinonate, 

cryptotanshinone, 

tanshinone I, 

dihydrotanshinone I, 

rosmariquinone 

 

Salvia 

miltiorrhiza 

SARS-CoV 3CLpro and 

PLpro viral cysteine 

proteases. 

SARS-CoV 3CLpro 

inhibition assay 

SARS-CoV 

PLproinhibition assay 

Kinetics of SARS-3CLpro 

activation, 

Analysis of SARS-CoV 

3CLpro and PLpro inhibition 

progress curves 

Tanshinone I (5) exhibited 

the most potent nanomolar 

level inhibitory activity 

toward deubiquitinating 

(IC50=0.7 µM) 

Good inhibitors of both 

cysteine proteases 

Slight activity 

[32] 

phloroglucinol, 

triphloretol A, eckol,  

dioxinodehydroeckol,  

2-phloroeckol, 7-

phloroeckol,  

fucodiphloroethol G,  

dieckol,  

phlorofucofuroeckol A  

 

Salvia 

miltiorrhiza 

SARS-CoV 3CLpro and 

PLpro 

SARS-CoV viral proteases 

inhibition using the FRET 

method 

SARS-CoV PLpro 

deubiquitination assay 

SARS-CoV PLpro deIS 

Gylation assay 

Potent inhibitor of PLpro 

with an IC50 value of 3.7 

µM 

inhibited SARS-CoV 

3CLpro with an 

IC50=103.6±17.4 µM 

Strongly inhibited the 

cleavage of both ubiquitin 

and ISG15 (IC50=7.6 and 

8.5 µM, respectively) 

[33] 

Alkylated 

chalcones 

isobavachalcone, 4-

hydroxyderricin, 

xanthoangelol, 

xanthoangelol F, 

xanthoangelol D, 

xanthoangelol E, 

xanthoangelol B, 

xanthoangelol G, 

xanthokeistal A   

Angelica keiskei SARS-CoV a 

chymotrypsin-like 

protease (3CLpro) and a 

papain-like protease 

(PLpro) 

SARS-CoV 3CLpro cell-

free trans-cleavage 

inhibition assay 

SARS-CoV 3CLpro cell-

based cis-cleavage 

inhibition assay 

SARS-CoV PLpro 

inhibition assay 

Deubiquitination activity 

assay 

DeISGylation activity 

assay 

Chymotrypsin activity 

In silico molecular 

simulation study 

AutoDock version 3.0.5 

using AutoDock version 

3.0.5 

Exhibited the most potent 

3CLpro and PLproinhibitory 

activity with IC50 values of 

11.4 and 1.2 µM. 

Inhibited cell-free trans-

cleavage of SARS-CoV 

3CLpro with IC50=11.4±1.4 

µM 

Inhibited cell-based cis-

cleavage activities of 

SARS-CoV 3CLpro with 

IC50=7.1±0.8 µM 

Exhibited the most potent 

activity with a selectivity 

index (SI ¼ CC50/EC50) 

value of 9.2. 

IC50 of Deubiquitination 

activity=2.6±0.7 µM 

IC50 of DeISGylation 

activity=5.2±0.4 µM 

[29] 

2.1.1. Mechanism insights of natural alkaloids anti-SARS-CoV-2. 

Some researchers have reported an important antiviral activity of alkaloids such as 

Capsaicin, Bromocriptine, Celsentri, Delavirdine, Emend, Golvatinib, Maraviroc, Olysio, 

Saquinavir, Sovaprevir, Tanespimycin, Agglutinin, nelfinavir, indirubin, tryptanthrin,  

indigodole A, indigodole B, Indirubin, Indican, Sinigrin, and Lycorine (Figure 1 and Table 1). 

Among them, Liu et al.  [12] demonstrated, in silico, that Saquinavir and Bromocriptine could 

bind to the N-terminus and C-terminus of the homology model of SARS-CoV-2 Nsp14 which 

is important for replication and transcription of SARS and other coronaviruses, meaning that 

these compounds may be useful in the treatment of early stages of virus cycle. 

 

https://doi.org/10.33263/BRIAC111.83188373
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.83188373  

 https://biointerfaceresearch.com/ 8328 

 
Figure 1. Chemical structures of natural alkaloids isolated from medicinal plants with anti-SARS-CoV-2 

activities (these structures were drawn by ChemDraw). 

In another study carried out in vitro, Tsai et al.  [13] evaluated, in the first step, the 

antiviral activity of tryptanthrin against HCoV-NL63 using the CPE reduction assay. The 

results showed that at 40ɛM, tryptanthrin exhibits an important antiviral effect with a 

significant reduction in HCoV-NL63-induced CPE in LLC-MK2 cells 36 and 48 h post-

infection. In the same study, the infectivity assay with immunofluorescent staining 

demonstrated that this alkaloid compound exhibits a strong inhibitory activity in the early and 

late stages of HCoV-NL63 replication.  
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Figure 1. Continued. 

However, tryptanthrin was less potent in impeding the early (IC50=0.32 ɛM) than the 

late-stage (IC50=0.06 ɛM); and considerably decreased the production of extracellular virions 

in these two stages. More interesting, this study indicated that tryptanthrin significantly 

attacked the viral enzymes such as RNA-dependent RNA polymerase and PLP2 during the late 

stages of HCoV-NL63 replication, indicating that the viral RNA genome synthesis and progeny 

virus production were moderated. Thus, tryptanthrin demonstrated important virucidal activity 

against HCoV-NL63 (IC50=0.06ɛM). Tryptanthrin could be used against human coronaviruses 
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as an inhibitor targeting the viral replication cycle. Another alkaloid compound, namely 

sinigrin, exhibits a good antiviral effect. Indeed, Lin et al. [14] studied its anti-SARS 

coronavirus 3C-like protease effect. According to this study, the use of the cell-based assay 

revealed that sinigrin (IC50=217 ɛM) significantly blocks the cleavage processing of the viral 

protease 3CLpro. In addition, sinigrin (CC50>10 mM) was not toxic to Vero cells; this compound 

may be considered as a potential alternative to develop an inhibitor of SARS-CoV 3CLpro [14]. 

In addition, using cytotoxicity assay, the authors demonstrated an interesting anti-SARS-CoV 

effect of lycorine with an EC50 value of 15.7±1.2 nM.  The results suggested that this alkaloid 

compound is a candidate for new anti-SARS-CoV drug development. 

 
Figure 1. Continued. 
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Figure 2. Chemical structures of natural flavonoids isolated from medicinal plants with anti-SARS-CoV-2 

activities (these structures were drawn by ChemDraw). 

2.1.2. Mechanism insights of flavonoids anti-SARS-CoV-2. 

Other secondary metabolites namely flavonoids confirmed the anti-SARS effects such 

as baicalein, silibinin, myricetin, and scutellarein, (+)-catechin tomentin A; Tomentin B; 

Tomentin C; Tomentin D; Tomentin E; 3'-O-methyldiplacol; 4'-O-methyldiplacol; 3'-O-

methyldiplacone; 4'-O-methyldiplacone; mimulone; diplacone; 6- geranyl-4',5,7-trihydroxy-

3',5'-dimethoxyflavanone, Tangeretin, Hesperetin, Nobiletin, Hesperidin, Naringenin, ACA, 

Galangin, naringenin, naringin, hesperetin, hesperidin, neohesperidin, nobiletin, kaempferol, 
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morin, herbacetin, rhoifolin, pectolinarin, daidzein, quercetin, daidzein, puerarin, 

epigallocatechin, epigallocatechin gallate, gallocatechin gallate, ampelopsin, amentoflavone, 

bilobetin, ginkgetin, and sciadopitysin (Figure 2 and Table 1). Among these compounds, 

hesperidin was described as a potent inhibitor of SARS-CoV-2.  

 

 
Figure 2. Continued. 
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Indeed, Utomo et al.  [18] revealed, in silico, the anti-SARS-Cov-2 potential of 

hesperidin through its binding to RBDS, PD-ACE2, and SARS-CoV-2 protease. The results 

showed that hesperidin has the lowest docking score for all three protein receptors representing 

the highest affinity to bind the receptors tested. More importantly, this flavonoid compound 

has better interaction with the SARS-CoV-2 protease and to Spike-RBD compared to lopinavir 

and nafamostat [18]. These results suggest that hesperidin would be effective to block virus 

infection and replication. 

 

Figure 2. Continued. 
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In another study, herbacetin, rhoifolin, and pectolinarin (flavonoids)were reported as 

antiviral molecules against coronaviruses. The in silico results indicated that herbacetin, 

rhoifolin, and pectolinarin block the enzymatic activity of SARS-CoV 3CLpro[35]. In addition, 

the confirmation of their interaction was performed using a tryptophan-based fluorescence 

assay; the in silico results demonstrated that S1, S2, and S30 sites are involved in binding with 

flavonoids, meaning that herbacetin, rhoifolin, and pectolinarin may be suggested to be 

inhibitors of the responsible enzyme for cleavage of the remaining 11 locations causing a 

release of a total of 16 nonstructural proteins (nsp) in both SARS- and MERS-CoV. Another 

study evaluated the antiviral effect of quercetin, epigallocatechin gallate, and gallocatechin 

gallate [21]. Indeed, these three flavonoid products exhibited a good inhibition of 3CLpro with 

IC50 values of 73, 73, and 47 µM, for quercetin, epigallocatechin gallate, and gallocatechin 

gallate, respectively. Notably, gallocatechin gallate demonstrated a competitive inhibition 

pattern with Ki=25±1.7 µM. In silico, gallocatechin gallate showed numerous hydrophobic and 

H-bonds interaction with amino acid residues in the active site pocket of 3CLpro. In another 

work, the SARS-CoV 3CLpro was the target of amentoflavone [22]. The results of fluorogenic 

methods showed that amentoflavone inhibits SARS-CoV 3CLpro with an IC50 value of 8.3 µM. 

The characterization of the inhibitory mechanism of amentoflavone against SARS-CoV 3CLpro 

activity was investigated. The results indicate that this compound exhibits non-competitive 

inhibition characteristics toward 3CLpro. According to this study, an elucidation, performed in 

silico, of the interaction of SARS-CoV 3CLpro with this compound supports the inferences 

drawn from the enzymatic assay, revealing its important inhibitory effect on SARS-CoV 

3CLpro. Thus, these results suggest amentoflavone, such as a natural therapeutic drug against 

SARS-CoV infection. 

2.1.3. Mechanism insights of natural steroids anti-SARS-CoV-2. 

The research is also interested in the antiviral activity of steroids such as glycyrrhizic 

acid derivatives, sitosterol, beta-sitosterol (Figure 3 and Table 1). Among these compounds, 

the glycyrrhizic acid derivatives demonstrated, in vitro, an important anti-SARS-CoV 

compared to glycyrrhizic acid [31]. The results of this study indicate that seven derivatives 

inhibited SARS-CoV replication at lower concentrations (EC50 values varied between 5±3 to 

139±20 µM) compared to glycyrrhizic acid (EC50=365±12 µM).  

 

Figure 3. Chemical structures of natural steroids isolated from medicinal plants with anti-SARS-CoV-2 

activities (these structures were drawn by ChemDraw). 

Indeed, the anti-SARS-CoV activity of the compound resulting from the integration of 

N-acetylgycosamine into the glycoside chain of glycyrrhizic acid is nine times higher compared 
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to glycyrrhizic acid [31]. This derivative compound inhibited SARS-CoV replication at an EC50 

of 40 µM. More importantly, the CC50 was superior to 3000 µM, and the resulting selectivity 

index (SI) is >75; thus, no CPE was detectable at a 500 µM of this compound, and the 

immunocytochemical staining indicated that the suppression of viral antigen expression was 

superior to 99%. Since the coronaviruses are known by their highly glycosylated, particularly 

in the S proteins which have been shown to be important for viral entry into cells by binding 

to the ACE2 receptor, the authors suppose that the addition of N-acetylglucosamine residues 

into the carbohydrate part of the basic structure of glycyrrhizic acid plays an important role in 

its interaction with S proteins, meaning that viral entry might be inhibited by these binding 

[31]. 

2.1.4. Mechanism insights of natural tannins anti-SARS-CoV-2. 

Several tannins molecules have been tested against SARS-CoV. Such as 

phloroglucinol, triphloretol A, eckol, dioxinodehydroeckol, 2-phloroeckol, 7 phloroeckol, 

fucodiphloroethol G, dieckol, phlorofucofuroeckol A, phloroglucinol, eckol, 7-phloroeckol, 

phlorofucofuroeckol, geraniin, tellimagradin, punicalin, castalin, strictinin, granatin A, 

pedunculagin, casuarinin, tercatain, and bicornin (Figure 4 and Table 1). In this context, 

Khalifa et al.  [26] analyzed, in silico, the biological activity of hydrosoluble tannins as natural 

anti-SARS-CoV-2 through the binding with the main protease of this virus [26]. 

Among the hydrosoluble tannins tested, pedunculagin, tercatain, and punicalin were 

found to have a stronger bond and high affinity with the receptor binding site and catalytic 

dyad (Cys145 and His41) of SARS-CoV-2 main protease, indicating their fruitful inhibition of 

the SARS-CoV-2 protease enzyme. These results anticipated that tannins might be more useful 

candidates for COVID-19 drug therapy. In another investigation of the antiviral effect of tannin 

compounds, Park et al.  [24] targeted in their research SARS-CoV 3CLpro which plays an 

important role in viral replication. Indeed, the results of the effect of nine phlorotannins 1-9 on 

the cell-free SARS-CoV 3CLpro trans-cleavage assay demonstrated that among the products 

tested, the dieckol displayed a good inhibitory effect against SARS-CoV 3CLpro cell-free 

cleavage with an IC50 value of 2.7 µM. The results of the kinetic mechanism investigation of 

the compound inhibitor and SARS-CoV 3CLprointeractionindicated that dieckol had 

competitive inhibition profiles with Ki value of 2.4 µM. In addition, the authors determined the 

kinetic binding parameters, the association rate constant, and the dissociation rate constant 

using surface plasmon resonance [24]. Diekcol increased the SPR sensorgram in a significant 

and dose-dependent manner. The dissociation constant KD (koff/kon) was calculated by globally 

fitting the kinetic data at various dieckol concentrations (12.5, 25, and 50 µM) to the Langmuir 

binding model (KD=10.3 µM). The KD for the dieckol interaction with kon=73.5 µM-1 S-1 and 

koff=0.000843 S-1, which quantitatively revealed a higher association rate than that of the 

positive control hesperetin (KD=24.5 µM). To explain the inhibition mechanism of dieckol as 

an important potent inhibitor of SARS-CoV 3CLpro, a docking experiment was performed. The 

results indicated that dieckol bound to the S1 site of SARS-CoV 3CLpro through H-bonds, and 

formed strong hydrogen bonds to the catalytic dyad (Cys145 and His41) of SARS-CoV 3CLpro. 

In silico experiments, support the results obtained with the enzymatic assay that revealed the 

important inhibitory action of dieckol on SARS-CoV 3CLpro [24].  
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Figure 4. Chemical structures of natural tannins isolated from medicinal plants with anti-SARS-CoV-2 

activities (these structures were drawn by ChemDraw). 
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Figure 4. Continued. 

2.1.5. Mechanism insights of natural quinone anti-SARS-CoV-2. 

The quinone is one of the secondary metabolites studied for their antiviral activity. The 

hypericin, idarubicin, emodin, promazine, rhein, 1,4-bis-(1-anthraquinonylamino)-

anthraquinone, emodin, and aloe-emodin are the most tested quinones (Figure 5 and Table 1). 

Among them, emodin has been confirmed as an anti-SARS-CoV compound [27]. According 

to this study, the results of the biotinylated ELISA assay showed that emodin blocked the 

binding of S protein to ACE2 in a dose-dependent manner with an IC50 value of 200 µM. The 

inhibitory potential of emodin on the SARS-CoV S protein and Vero E6 cell interaction was 

also evaluated using IFA. Neither cytotoxic effect, nor cellular morphological change has been 

observed in emodin-treated cells. Treatment of Vero E6 cells with emodin/biotinylated S 

protein decreased the cell-associated fluorescence, indicating that this quinone compound is 

able to block the S protein and Vero E6 cell interaction. Additionally, the inhibitory potential 

of emodin was evaluated by the S protein-pseudotyped retrovirus infectivity [27]. The results 

showed that emodin inhibited the S protein-pseudotyped retrovirus infectivity in a dose-

dependent manner, and at 50µM (without toxic effect) of emodin, the percent of inhibition was 
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94.12%. The finding of this study suggested that emodin was a novel anti-SARS-CoV 

compound and might be considered as a potential drug to treat the SARS infection [27].  

 
Figure 5. Chemical structures of natural quinones isolated from medicinal plants with anti-SARS-CoV-2 

activities (these structures were drawn by ChemDraw). 

 

In another work, Schwarz et al. [28] demonstrated that emodin inhibits HCoV-OC 43 

release from infected RD cells with similar effectiveness of K1/2 å20ÕM for inhibition of SNE-

3a protein of SARS-CoV and HCoV-OC43.This inhibition of 3a ion channel could contribute 

to the reduction of virus release from the SARS-CoV-infected host. Therefore, reduced virus 

release from infected cells may provide the immune system sufficient time to improve the 

response against the infection [28]. 

2.1.6. Mechanism insights of natural stilbenesanti-SARS-CoV-2. 

Curcumin compound, belonging to the stilbeneôs groups, has been reported as anti-

SARS-CoV (Figure 6 and Table 1). Mohammed and Shaghaghi,  [11] evaluated the 

bioinformatics study of SARS-CoV-2 inhibition by a secondary metabolite of medicinal plants. 

The results showed that curcumin has a stronger bond and high affinity with protease [11].  

 
Figure 6. Natural chemical structures of stilbene isolated from medicinal plants with promising anti-SARS-

CoV-2 activity (these structures were drawn by ChemDraw). 
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Finally, due to the high effectiveness function of plant compounds, the authors arrived 

at the conclusion that the coumarin compound may be considered as an effective anti-protease 

drug to treat COVID-19. Concerning the products belonging to other compound groups such 

as terpenoids, coumarin, steroidal alkaloids, allyls, phenylpropanoids, glucosides, lignoids, 

tanshinones, and alkylated chalcones, a detailed list of their anti-SARS activities is presented 

in Table 1. 

2.2. Synthetic pharmacophores as possible drugs against SARS-CoV-2. 

The search for new synthetic molecules as therapeutic drugs requires time for biological 

screening in vitro and in vitro. With the COVID-19 pandemic, the screening for therapeutic 

treatments, particularly targeted therapy using active molecules, could not be carried out 

routinely. Indeed, many research groups have started urgently to identify synthetic molecules 

with anti-SARS-CoV-2 properties (Table 2).  

Table 2. Synthetic compounds with possible anti-SARS-CoV-2 effects. 

Synthetic drugs 

Experimental 

system (model cell line, in 

silico, in vivo) 

Keys findings/mechanism insights Authors 

9a Structure-guided design IC50=0.6ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10a Structure-guided design IC50=0.4 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

9b Structure-guided design IC50=0.7 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10b Structure-guided design IC50=0.6 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

9c Structure-guided design IC50=0.8 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10c Structure-guided design IC50=0.7 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

9d Structure-guided design IC50=0.7 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10d Structure-guided design. IC50=0.9 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

9e Structure-guided design IC50=6.1 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10e Structure-guided design IC50=7.5 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

9f Structure-guided design IC50=0.6 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10f Structure-guided design IC50=0.5 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10a Structure-guided design EC50=0.5 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

10c Structure-guided design EC50=0.8 ɛM 

Inhibition of MERS coronavirus 3CL protease. 

[36] 

SP-4 (residues 

192ï203) 

 

Expression and 

purification of 

recombinant SARS-CoV S 

protein 

Biotinylated enzyme-

linked immunosorbent 

assay (ELISA) 

Significantly blocked the interaction between S protein 

and ACE2. 

IC50=4.30±2.18 nmol. 

[37] 

SP-8 (residues 

483ï494) 

Expression and 

purification of 

recombinant SARS-CoV S 

protein 

Biotinylated enzyme-

linked immunosorbent 

assay (ELISA) 

Significantly blocked the interaction between S protein 

and ACE2. 

IC50=6.99±0.71 nmol. 

[37] 

SP-10 (residues 

668ï679) 

Expression and 

purification of 

Significantly blocked the interaction between S protein 

and ACE2. 

[37] 
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recombinant SARS-CoV S 

protein 

Biotinylated enzyme-

linked immunosorbent 

assay (ELISA) 

Blocked both binding of the S protein and infectivity of 

S protein-pseudotyped retrovirus to Vero E6 cells. 

IC50=1.88±0.52 nmol.  

Compound 1 Computation tool 

Autodock 3.0.5 

Inhibitory activity against recombinant 3C-like 

protease. 

IC50=58.35Ñ1.41ɛM. 

[38] 

Compound 2 Computation tool 

Autodock 3.0.5 

Inhibitory activity against recombinant 3C-like 

protease. 

IC50=62.79Ñ3.19 ɛM. 

[38] 

Compound 3 Computation tool 

Autodock 3.0.5 

Inhibitory activity against recombinant 3C-like 

protease. 

IC50=101.38Ñ3.27ɛM. 

[38] 

Compound 4 Computation tool 

Autodock 3.0.5. 

Inhibitory activity against recombinant 3C-like 

protease. 

IC50=77.09Ñ1.94ɛM. 

[38] 

Compound 5 Computation tool 

Autodock 3.0.5 

Inhibitory activity against recombinant 3C-like 

protease. 

IC50=90.72Ñ5.54ɛM. 

[38] 

Compound 6 Computation tool 

Autodock 3.0.5 

IC50=38.57Ñ2.41ɛM. 

Competitive inhibition of 3C-like protease 

(Ki=9.11Ñ1.61ɛM). 

[38] 

Compound 7 Computation tool 

Autodock 3.0.5 

IC50=41.39Ñ1.17ɛM. 

Competitive inhibition of 3C-like protease 

(Ki=9.93Ñ0.44ɛM). 

[38] 

cmp3 

 

SARS-CoV-2 Mpro 

Molecular docking study 

Exhibited favorable electrostatic energy (ȹGelec=-

21.38 kcal/mol) 

[39] 

cmp12 

 

SARS-CoV-2 Mpro 

Molecular docking study 

Total binding free energy (ȹGtol) = -45.22 kcal/mol) 

ligand RMSD values after 20ns=0.91 Å  

Exhibited favorable electrostatic energy (ȹGelec=-

26.16 kcal/mol) 

[39] 

cmp14 SARS-CoV-2 Mpro 

Molecular docking study 

Total binding free energy (ȹGtol) =-44.91kcal/mol 

Ligand RMSD values after 20ns=1.18Å 

Exhibited favorable electrostatic energy (ȹGelec=-

33.56 

kcal/mol) 

[39] 

cmp17 

 

SARS-CoV-2 Mpro 

Molecular docking study 

Total binding free energies (ȹGtol) =-41.72kcal/mol 

Ligand RMSD values after 20ns=0.84 Å 

Exhibited favorable electrostatic energy (ȹGelec=-

36.65 kcal/mol) 

[39] 

cmp18 SARS-CoV-2 Mpro 

Molecular docking study 

Total binding free energies (ȹGtol) =-44.55kcal/mol 

Ligand RMSD values after 20ns=1.03 Å 

Exhibited favorable electrostatic energy (ȹGelec=-5.39 

kcal/mol) 

[39] 

cmp2 SARS-CoV-2 Nsp12 

RdRp 

Molecular docking study 

Exhibited favorable electrostatic energy (ȹGtol=-41.74 

kcal/mol) 

Formed three H-bonds with motif C (Ser759), motifD 

(Lys798) and motif E (Ser814) 

[39] 

cmp17a 

 

SARS-CoV-2 Nsp12 

RdRp 

Molecular docking study 

Exhibited favorable electrostatic energy (ȹGtol=-

34.37kcal/mol) 

Formed five H-bonds with Arg624 (motif A),Thr680 

and Ser682 (motif B), Ser756 (motif C) and Lys798 

(motif D) 

[39] 

cmp21 

 

SARS-CoV-2 Nsp12 

RdRp 

Molecular docking study 

Exhibited favorable electrostatic energy (ȹGtol=-24.9 

kcal/mol) 

Formed four H-bonds with motif A (Asp623), motif F 

(Arg553 and Arg555), and motif C (Ser759) 

[39] 

cmp1 SARS-CoV-2 Nsp13 

helicase 

Molecular docking study 

Estimated favourableȹGtol(-37.29kcal/mol), [39] 

cmp3a 

 

SARS-CoV-2 Nsp13 

helicase 

Molecular docking study 

Estimated favorable ȹGtol (-40.08 kcal/mol)  [39] 

cmp11 

 

SARS-CoV-2 Nsp13 

helicase 

Molecular docking study 

Estimated favorable ȹGtol (-49.73 kcal/mol)  [39] 
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cmp15 

 

SARS-CoV-2 Nsp13 

helicase 

Molecular docking study 

Estimated favorable ȹGtol (-30.56kcal/mol) [39] 

A novel series of 

fused 1,2,3-

triazoles 

derivatives 

HEL cells 

In silico studies. 

Inhibition of 3CL protease. 

Promising antiviral properties for compounds 14d, 14n, 

14q, 18f, and 18i against human coronavirus 229E. 

[40] 

1 Molecular docking study Inhibitory activity against SARS-CoV 3CLpro. [41] 

2 Molecular docking study IC50=10 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

3 Molecular docking study IC50=0.60 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

4 Molecular docking study IC50=9.1 ɛM. 

Ki=0.66 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

5 Molecular docking study Kinact/Ki=1900 M-1s-1. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

6 Molecular docking study IC50=0.065 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

7 Molecular docking study Ki=2.2 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

8 Molecular docking study IC50=1.7 ɛM. 

Ki=0.0041 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

9 Molecular docking study Ki=0.0031 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

10 Molecular docking study Ki=3.2 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

11 Molecular docking study IC50=323 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

12 Molecular docking study Ki=0.065 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

13 Molecular docking study IC50=0.37 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

14 Molecular docking study Ki=0.0075 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

15 Molecular docking study IC50=6.1 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

16 Molecular docking study IC50=6.8 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

17 Molecular docking study IC50=17.2 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25a Molecular docking study Ki=5.90 mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25b Molecular docking study Ki=23.0 mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25c Molecular docking study Ki=0.46mM. 

IC50=21.0mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25d Molecular docking study Ki=1.60mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25e Molecular docking study Ki=1.71mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25f Molecular docking study Ki=29.0mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25g Molecular docking study Ki=9.40mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

25h Molecular docking study Ki=1.20mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26a Molecular docking study Ki=3.20mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26b Molecular docking study Ki=0.42 mM. 

IC50=43.0mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 
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26c Molecular docking study Ki=0.61mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26d Molecular docking study Ki=7.4mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26e Molecular docking study Ki=0.69mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26f Molecular docking study Ki=0.70mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26g Molecular docking study Ki=1.30mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26h Molecular docking study Ki=0.56mM. 

IC50=24.0mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26i Molecular docking study Ki=1.56mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26j Molecular docking study Ki=8.4mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26k Molecular docking study Ki=0.84mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26l Molecular docking study Ki=3.20mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

26m Molecular docking study Ki=0.39mM. 

IC50=10.0mM. 

Good inhibitory activity against 3CLpro. 

[41] 

26n Molecular docking study Ki=0.33mM. 

IC50=14.0mM. 

Good inhibitory activity against 3CLpro. 

[41] 

27a Molecular docking study Ki=0.66 mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

27b Molecular docking study Ki=37.0mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

27c Molecular docking study Ki=52.0mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

27d Molecular docking study Ki=2.50mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[41] 

1 Molecular docking study IC50=0.5mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

2 Molecular docking study IC50=5mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

3 Molecular docking study IC50=11.1mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

4 Molecular docking study IC50=30nM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

5 Molecular docking study IC50=13mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

6 Molecular docking study IC50=1.5mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

7 Molecular docking study IC50=6.2mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

9a Molecular docking study Inactive. [42] 

9b Molecular docking study Inactive. [42] 

9c Molecular docking study Inactive. [42] 

10a Molecular docking study Inactive. [42] 

10b Molecular docking study Inactive. [42] 

10c Molecular docking study IC50=11 ɛM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

12 Molecular docking study IC50>20mM. [42] 

13a Molecular docking study IC50=7.72 mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13b Molecular docking study IC50=25.3mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13c Molecular docking study IC50=6.9mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

https://doi.org/10.33263/BRIAC111.83188373
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.83188373  

 https://biointerfaceresearch.com/ 8343 

Synthetic drugs 

Experimental 

system (model cell line, in 

silico, in vivo) 

Keys findings/mechanism insights Authors 

13d Molecular docking study IC50=4.1mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13e Molecular docking study IC50=22.5mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13f Molecular docking study IC50=9.1 mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13g Molecular docking study IC50=3.8mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13h Molecular docking study IC50=100mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13i Molecular docking study Inactive. [42] 

13j Molecular docking study IC50=100mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13k Molecular docking study IC50=26mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

13l Molecular docking study Inactive. [42] 

16a Molecular docking study IC50=2.9mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16b Molecular docking study IC50=3.6mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16c Molecular docking study IC50=13.3mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16d Molecular docking study IC50=3.4mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16e Molecular docking study IC50=4.1mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16f Molecular docking study IC50=8.1 mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16g Molecular docking study IC50=22.1mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16h Molecular docking study IC50=100mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16i Molecular docking study IC50=10.3mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16j Molecular docking study IC50=2.1mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

16k Molecular docking study IC50=1.5mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

17a Molecular docking study IC50=0.051mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

17b Molecular docking study IC50=0.97mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

17c Molecular docking study IC50=0.70mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

17d Molecular docking study IC50=2.0mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

17e Molecular docking study IC50=12.5mM. 

Inhibitory activity against SARS-CoV 3CLpro. 

[42] 

1 Normal human fibroblast 

cells (HS27) 

In silico studies 

Activity against HCV (EC50=0.8 ɛM). 

Activity against SCV (IC50>50 ɛM for ATPase activity, 

IC50=11 ɛM for helicase activity). 

[43] 

3 Normal human fibroblast 

cells (HS27) 

In silico studies 

Activity against HCV (EC50=5 ɛM). 

Activity against SCV (IC50>50 ɛM for ATPase activity, 

IC50>50 ɛM for helicase activity). 

[43] 

4 Normal human fibroblast 

cells (HS27) 

In silico studies 

Activity against HCV (EC50=3 ɛM). 

Activity against SCV (IC50>50 ɛM for ATPase activity, 

IC50>50 ɛM for helicase activity). 

[43] 

1a Vero 76 cells Reduced cytopathic effect induced by human SARS 

CoV. 

EC50=0.018 ɛM. 

[44] 

1c  Vero 76 cells Reduced cytopathic effect induced by human SARS 

CoV. 

EC50<0.005ɛM. 

[44] 

1e Vero 76 cells Reduced cytopathic effect induced by human SARS 

CoV. 

[44] 
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EC50<0.005ɛM. 

4a Vero 76 cells Reduced cytopathic effect induced by human SARS 

CoV. 

EC50=0.34 ɛM. 

[44] 

4b Vero 76 cells Reduced cytopathic effect induced by human SARS 

CoV. 

EC50=0.039 ɛM. 

[44] 

 

Researchers have greatly exploited the behavior of other coronaviruses (SARS-CoV 

and MERS) to be able to mimic the molecular action on pharmacodynamic targets, which are 

certainly similar. Indeed, as being the result of Darwinian adaptive mutations, SARS-CoV-2 

uses the same molecular scenario in its parasitic behavior, which made it possible to test some 

molecules against the targets of other coronaviruses, which will certainly have 

pharmacodynamic actions and possibly therapeutic effects on SARS-CoV-2. In our research 

approach, a bibliometric study was carried out using the various databases in order to identify, 

index, and organize the studies that have been recently carried out on molecules that 

specifically attack SARS-CoV-2 or the molecular targets of other coronaviruses. Table 2 

presents the research work on the properties of synthetic molecules that we have schematized 

by ChemDraw.  

 
Figure 7. Structures of guided design inhibitor of SARS-CoV-2 (this structure was drawn by ChemDraw). 

 

The CL3 protease protein is a molecule expressed by the virus to proteolyze non-

functional viral proteins into functional function units. The inhibition of this protease is an 

important pharmacological target for blocking the assembly of the virus after its impossible 

and/or difficult replication. In this way, several studies have already confirmed the inhibitory 

action of certain synthetic molecules against CL3p (Table 2). Using an in-silico model,  Galasiti 

Kankanamalage et al. [36] tested the action of fourteen synthetic molecules (Figure 7) on the 

3CL protease of MERS coronavirus. The molecule 10a has been shown to be the most active 

in inhibiting this protein with an inhibition value of IC50=0.6 ɛM. The two molecules 10f and 

https://doi.org/10.33263/BRIAC111.83188373
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.83188373  

 https://biointerfaceresearch.com/ 8345 

10a also revealed a strong inhibition (IC50=0.5 ɛM), followed by 9f, 10b and 9a (IC50=0.6 ɛM), 

then by 9b, 10c and 9d (IC50=0.5 ɛM) [36].  

 
Figure 8. Chemical structure of the novel 3CLpro inhibitors studied (these structures were drawn by ChemDraw). 

In another work, the inhibitory action of seven synthetic molecules (Figure 8) was 

tested against CL3p [38]. Molecule 6 showed very strong inhibition with a low concentration 

(IC50=38.57Ñ2.41 ɛM) followed by molecule 7 (IC50=41.39Ñ1.17 ɛM).  

https://doi.org/10.33263/BRIAC111.83188373
https://biointerfaceresearch.com/

