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nological outcomes of the selected compounds against the 
SARS-COV are detailed in Table 1 below.

Understanding the similarity between the 3CLpro 
main protease of SARS-COV and COVID-19, which is 
very important in the viral life cycle, has highlighted the 
protease as an attractive potential target for anti-corona-
virus drug development43-45. Besides, they both have cat-
alytic dyad composed of conserved residues His41 and 
Cys145. Considering the explored compounds’ in vivo 
activity, their molecular affinity in the COVID-19 main 
protease’s binding pocket was evaluated. Only seven out 
of the compounds showed good binding energy. They 
bind with COVID-19 protease via multiple hydrogen 
bonding and hydrophobic contacts. Residues Phe140, 
185 Leu141, His163, Met165, Glu166, and His172 form 
hydrophobic interactions with the ligands. While Asn142, 
Gly143, and Cys145 form intermolecular H-bond with 
the ligands. The binding mode indicates useful clues to 
the possible molecular basis of these compounds.

The oxygen atom of the primary hydroxyl functional 
group of nucleoside unit β-D-N4-hydroxycytidine (EIDD-
1931; Binding Energy (B.E) = ‒6.5 kcal/mol) is H-bonded 
to Cys145 (bond distance =2.59 Å; bond angle 127.7 and 

100.5o, respectively) (relevant Figure 1S can be found 
in the supplementary material: see Acknowledgement). 
Meanwhile, the hydrogen atom is H-bonded Ser144 and 
Le141 (bond distance (b.d) =2.73 and 2.68 Å; bond an-
gle =129.1, 114.7, 127.7, and 100.5o, respectively). The 
conserved amino acid His41 is sandwiched between the 
pyrimidinone ring and the hydroxy amino group via H-
bonding and hydrophobic interaction. The interactions 
of 3-Deazaneplanocin (B.E = ‒6.5 kcal/mol) with the 
COVID-19 main protease is described in detail in the 
supplementary material (Figure S2: see Acknowledge-
ment). Interestingly, the cyclopentene unit of this com-
pound interacts with Cys145 via H-bonding. In contrast, 
an oxygen atom of the primary hydroxy functional group 
on the cyclopentene ring formed three outstanding hydro-
gen bonds with a backbone amino acid residue Gly143 and 
145 having the bond distance of 2.59 and 2.25 Å, respec-
tively. The hydrogen atom formed H-bond interactions 
with Ser144 and Leu 141; these interactions were also ob-
served in the docked complex of EP128533. Meanwhile, 
the amino acid Thr26 is interpolated between NH2 and 
NH functional groups of imidazo[4,5-c]pyridine moiety 
(supplementary material). The oxygen atoms on the car-

Table 1: Results obtained in infected mice treated with the selected compound.
Authors Treatment Lung virus titre Hispathology and immunological findings
Bernard et al. 2006a Nelfinavir Weakly effective

In effective
-

β-D-N4-hydroxycytidine -
Calpain inhibitor VI Weakly effective -
Pentoxifylline Weakly effective -
Chloroquine Weakly effective -
Amodiaquine Weakly effective -
3-Deazaneplanocin In effective -

Bernard et al. 2006b Mycophenolic acid Suppressed production of pro-inflammatory 
cytokines, nitric oxide, and LDH in 
macrophages

Ribavirin

EICAR
Mizoribine

Inhibit macrophage production of pro-
inflammatory cytokines and Th2 cytokines 
while preserving Th1 cytokine.

Barnard et al. 2008 Promazine Ineffective Reduction in RANTES expression promoting 
neutrophil migration to the SARS-COV 
infection site. Promazine and its prodrugs 
should not be considered potential therapies 
for SARS infections.

Craig et.al 2009 Ribavirin Moderately 
effective

Allowed continual stimulation of the 
inflammatory response, which may contribute 
to pathogenesis. Decreased IL-6 expression

Dipeptidyl 
glutaminyl 
fluoromethylketone 
(EP128533)

Ineffective Neither effective in preventing death nor 
reduced the disease signs measured. No 
evidence of toxicity and lack of activity 
may be likely due to bioavailability. Maybe 
a foundation for the development of an 
effective antiviral prodrug that is soluble and 
bioavailable

Sheahan et al. 2017 Remdesivir (GS-5734) Effective Therapeutic administration of 
GS-5734 reduced disease and suppressed 
replication of SARS-COV during an ongoing 
infection. Improve pulmonary function, 
reduce viral loads

Sheahan et al. 2020 β -D-N4-hydroxycytidine-5′-
isopropyl ester (EIDD-2801)

Effective Significantly reduced lung viral loads and 
improved pulmonary function and weight 
loss.




