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SARS COV2 is one of the most destructive pandemics the world has faced and led to extreme economic losses. For its clinical therapy, 

SARS-COV-2 3CL Protease (3CLpro) is considered a target because of its crucial role in replication. Inhibition of this 3CLpro can lead to 

a decrease in viral load and infection. Different studies used various compounds and tested their inhibiting activity. Among them, flavonoids, 

serine derivatives, Chalcones, and alpha-keto amides were proven to have inhibitory effects. Many in-vitro tests were done to check the 

binding and inhibition abilities of such compounds. In vivo, some studies are done, but more is needed to prove this discovery. As far as 

research is concerned, therapeutic drugs against COVID-19 can be made by using such inhibitors. More in vivo studies and animal model 

experimentation should be done to confirm the findings.  
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INTRODUCTION 

3CLpro is a viral protease vital for the replication of the 

virus (Figure 1). Many small molecules (3CLpro) have been 

reported to inhibit SARS COV2 replication in cell cultures 

(Dampalla et al., 2021; V’kovski et al., 2021). 3CLPro is not 

present in the host cells, so it can be tested as an excellent 

target for antiviral agents. During the last five years, 

different inhibitors have been constructed for 3CLPro based 

on its structure. Other inhibitors include peptide mimetics 

and small molecules (He et al., 2020). Nigella sativa has 

high anti-SARS-CoV activity and could be a good source for 

developing new coronavirus antiviral treatments (Idrees et 

al., 2021; Saadh et al., 2022). 

Consequently, the objective of this study is to examine 

inhibitors of SARS-CoV-2 3CL-protease as prospective 

therapeutics for the treatment of people infected with 

SARS-CoV-2, providing patients and healthcare 

professionals with new hope in the battle against SARS-

CoV-2. 

 

 

 

 

 

 

3CLpro Inhibitors and their Mechanism of Actions   

Alpha-Ketoamide inhibitors  

This inhibitor was designed using conserved active sites of 

the main coronavirus protease. To find the best compromise 

for various sizes of the S2 pocket of 3CLpro, the functional 

group at the p2 site of alpha-keto amides was most important. 

The most effective inhibition of SARS-CoV-2 was achieved 

by the designed compound 1.  The 3CLPro enzymes of 

SARS-CoV-2 and compound 1 have the highest structural 

similarity, showing that compound 1 is the best antiviral 

candidate against SARS-CoV-2 (He et al., 2020). 
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Serine Derivatives  

Tetrapeptide inhibitor 3 was used to derive serine 

derivatives and the D-Serine derivative 4, which was 

constructed and tested against 3CLpro R1881 mutant 

protease. No cytotoxicity was displayed by compound 5 

towards HeLa cells (He et al., 2020; Mengist et al., 2021). 

Flavonoids   

A library of flavonoids containing ten scaffolds was checked 

for their inhibitory effectiveness and herbacetin, 

pectolinarin, and rhoifolin showed the most inhibitory 

effect. Compounds 6, 7 and 8 (PDB ID: 4WY3) were tested 

for docking. Four H-bonds were formed by the herbacetin at 

the S2 site. There was a difference in the binding modes of 

rhoifolin and pectolinarin (He et al., 2020; Jo et al., 2020). 

There are many compounds which could act as in vitro 

antiviral agents and offer effective treatment. Also, the 

combination of punicalagin and Zn+2 particles inhibits the 

SARS-CoV-2 3CLpro in vitro (Saadh et al., 2021). 

Chalcones 

From chalocones, compound 14 (IC50 = 11.4 ± 1.4 µM) was 

suggested as being the most effective inhibitor.  This could 

be due to the per hydroxyl group that might be most vital for 

binding to 3CLpro.  Compound 14 (PDB ID: 2ZU) in 

docking studies showed a hydrogen bond between His163, 

Se144, and carbonyl and hydroxyl groups (He et al., 2020; 

Mathpal et al., 2022).  Dampalla et al. used various variants 

of deuterated aldehyde compounds to test their inhibitory 

effects. In addition, alpha ketoamide based on compound 1 

and compounds 3, 4, 8, and 11 prodrug variations of 

aldehydes bisulfite adduct were prepared for testing, with 

bisulfite adduct displaying 50% inhibitory concentrations in 

the enzyme assay that matched their aldehyde counterparts. 

Visible lower potency was shown by Alpha-Ketoamide 

derivative, i.e., compound 5, in the enzyme assay. 

Significant increased IC50 values were noted in prodrug 

counterparts, i.e., compounds 3, 4, 8, and 11 in contrast to 

their bisulfite and aldehyde precursors. 

PF-07321332 is emerging as a promising oral delivery 

second-generation clinical candidate (Vandyck et al., 2021). 

Compound 4, GC376 and MAC-5576 were identified as 

3CLpro inhibitors. Protease biochemical inhibition was 

displayed by each of the mentioned compounds, along with 

inhibition of virus, in the cell-based assay by GC376 and 

compound 4, whereas it was not shown by MAC-5576. The 

crystal structures of these compounds were made in complex 

forms with the proteases to confirm their crystal inhibition. 

Similar interactions were depicted by compounds four and 

GC376 as mimetic inhibitors. MAC-5576 interactions were 

identical to those of the already identified 3CLpro small 

molecule inhibitor (Iketani et al., 2021; Resnick et al., 2021). 

Recently, GC376 has been reported as an inhibitor of 

3CLpro. The results of this study confirm the previous 

findings as similar interactions were observed in this study 

as well. The GC376 benzyl groups are bound to 

asymmetrical units of 3CLpro protomers and are also joined 

in the hydrophobic pocket constructed by Leu167, Gln 192, 

and M et165. In this region, weaker electronic density is 

observed; along with previous findings, it can be concluded 

that modifications in this subsite can be done to improve the 

inhibitor (Iketani et al., 2021). More than 40 types of 

tanshinone molecules have been identified to show clinical 

applications such as antiviral activity (Mandal et al., 2021). 

Lead compound injected in mouse with Middle East 

respiratory syndrome (MERS) infection caused survival 

increase from 0 to 100 percent and reduction of lungs viral 

titers. Other potential compounds include nigelledine, 

hederagenin, thymohydroquinone, alpha hederin, 

thymoquinone, and hederagenin are the compounds isolated 

from Nigella sativa, have a role in inhibiting the viral 

replication and binding to host cell receptors. Other study 

reported 23 small molecules that acts as inhibitors, and they 

have been identified with IC50 ranging from 0.26 to 0.28.85 

μM (Zhu et al., 2020).  

Another study found that theaflavin, a chemical found in 

black tea, could dock in the catalytic site of SARS-CoV-2 

RNA-dependent polymerase. Scutellaria baicalensis ethanol 

extract has been shown to stop the activity of SARS-CoV-2 

main proteinase (3CL Mpro) and in vitro SARS-CoV-2 

replication (Hasegawa et al., 2021).  Baicalein binds to the 

substrate-binding site of the virus by the interaction between 

2 catalytic residues and stops the peptide substrate from 

binding to the active site. Andquinadoline B, Scedapin, 

norquinadoline A, and the polyketide isochaetochromin D1 

have higher affinity for the target proteins 3CLpro, nsp15, 

grp78 (spiking domain), and RdRp. An acoustic liquid-

handling apparatus was used for the screening of 32,033 

chemical samples, and eight compounds exhibited antiviral 

potential in the cell-based assay (Hasegawa et al., 2021). 

Hu et al., used a deep learning model and an enzymatic assay 

for the inhibitor identification, and six novel potent inhibitors 

of 3CLpro were identified. Bung et al., used a de novo 

synthesis technique to design the molecules for the inhibition 

activity and were successful in the testing and designing. For 

in-vitro evaluation, 18 hits were selected for in-vitro 

evaluation, and results show that five compounds as 

inhibitors of viral protease were influential in terms of 

inhibition.  After this, docking was done in detail for the study 

of the inhibition mechanism. For energetic hit generation, a 

pharmacophore model was generated using co-crystallized 

ligand and active hits (Abdallah et al., 2021). Intense 

inhibitory activity was depicted by glycosylated flavonoids 

that bound more strongly than the N3 co-crystallized 

inhibitors. The binding of the flavonoids to the protease 

active site is dependent on the structure. With increased 

strength, flavanols have mono or disaccharide substituted at 

position C3. NMR was used to identify inhibitors, and 

compound 6 exhibited 75% inhibitory activity against SARS-

CoV-2 main proteinase (3CL Mpro) (Zubair et al., 2021; 

Klemm et al., 2021).  
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In the enzyme assay, Vero E6 and A549-ACE2 were the cell 

lines used to test the deuterated compounds that are more 

potent as compared to GC378. When tested effective 

concentration values (50%) of deuterated compounds were 

compared to those in cell lines, they were lower by 2.67-3.38 

folds when compared to GC376 in Vero E6 cells. Up to 

100µ, every compound, including GC376, doesn’t show any 

cytotoxicity (Dampalla et al., 2021). 

 

Figure 1: The The 3CL pro (Mpro) of the SARS-CoV-2 

virus is a key antiviral drug target. 

 

CONCLUSIONS  

It can be concluded that many different chemicals from 

natural sources can be potent treatments for coronavirus 

infection. In terms of sequence, the catalytic domain of 

SARS-CoV-2 main proteinase (3CL Mpro) for COV-1 and 

COV-2 viruses is identical. The naturally occurring 

compounds found to be effective include Chalcone, 

flavonoids, Andquinadoline B, Scedapin, norquinadoline A, 

and polyketide Isochaetochromin D1. These compounds 

were very successful in in vitro studies and in vivo, although 

more in vivo studies are required. Naturally occurring 

compounds and their derivatives are the best options, as 

synthetic compounds are costly and will require further 

research. 
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