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A B S T R A C T   

Polyphenolics and 1,3,4-oxadiazoles are two of the most potent bioactive classes of compounds in medicinal 
chemistry, since both are known for their diverse pharmacological activities in humans. One of their prominent 
activities is the antimicrobial/antiviral activities, which are much apparent when the key functional structural 
moieties of both of them meet into the same compounds. The current COVID-19 pandemic motivated us to 
computationally screen and evaluate our library of previously-synthesized 2-(3,4,5-trihydroxyphenyl)-1,3,4- 
oxadiazoles against the major SARS-CoV-2 protein targets. Interestingly, few ligands showed promising low 
binding free energies (potent inhibitory interactions/affinities) with the active sites of some coronaviral-2 en-
zymes, specially the RNA-dependent RNA polymerase (nCoV-RdRp). One of them was 5,5’-{5,5’-[(1R,2R)-1,2- 
dihydroxyethane-1,2-diyl]bis(1,3,4-oxadiazole-5,2-diyl)}dibenzene-1,2,3-triol (Taroxaz-104), which showed 
significantly low binding energies (− 10.60 and − 9.10 kcal/mol) with nCoV-RdRp-RNA and nCoV-RdRp alone, 
respectively. These binding energies are even considerably lower than those of remdesivir potent active 
metabolite GS-443902 (which showed − 9.20 and − 7.90 kcal/mol with the same targets, respectively). Further 
computational molecular investigation revealed that Taroxaz-104 molecule strongly inhibits one of the potential 
active sites of nCoV-RdRp (the one with which GS-443902 molecule mainly interacts), since it interacts with at 
least seven major active amino acid residues of its predicted pocket. The successful repurposing of Taroxaz-104 
has been achieved after the promising results of the anti-COVID-19 biological assay were obtained, as the data 
showed that Taroxaz-104 exhibited very significant anti-COVID-19 activities (anti-SARS-CoV-2 EC50 = 0.42 μM) 
with interesting effectiveness against the new strains/variants of SARS-CoV-2. Further investigations for the 
development of Taroxaz-104 and its coming polyphenolic 2,5-disubstituted-1,3,4-oxadiazole derivatives as anti- 
COVID-19 drugs, through in vivo bioevaluations and clinical trials research, are urgently needed.   

1. Introduction 

More than one year ago, a strange novel coronavirus (2019-nCoV), 
officially known as severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), suddenly appeared in Wuhan City of the People’s Re-
public of China [1]. With its ongoing spread, the human respiratory 
signs/symptoms of the characteristic infection (called coronavirus dis-
ease 2019 "COVID-19") were detected and the pandemic was arisen [1, 
2]. Few weeks ago, at the end of December 2020, more than 85 millions 
of COVID-19 patients have been confirmed worldwide, with about 1.85 
millions of lives sadly lost due to this untreated horrible disease [3]. 
With expectations of evolution of more virulent/resistant new strains in 

2021, the scientific community all over the world is racing time in a 
challenging mission to find effective potent remedies and therapies 
capable of combating this virus or, at least, counter almost all the irri-
tating severe/fatal effects of the COVID-19 [2,4]. 

In the second half of 2020, the first three under-investigation syn-
thetic anti-COVID-19 agents (CoViTris2020, ChloViD2020, and 
Cyanorona-20) have been successfully discovered and reported [5,6] 
(Fig. 1). CoViTris2020 and ChloViD2020 are the first multitarget 
anti-SARS-CoV-2 inhibitors in the literature [5]. Both compounds are 
strong polyphenolic antioxidants with very potent anti-SARS-CoV-2 
activities (EC50 = 0.31 and 1.01 μM, respectively) [5]. Specifically, 
CoViTris2020 has its lowest binding energy with the coronaviral-2 
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RNA-dependent RNA polymerase (nCoV-RdRp), which is − 12.00 
kcal/mol [5]. On the other hand, Cyanorona-20 is a very potent mon-
otarget anti-SARS-CoV-2 inhibitor, since it selectively targets the 
nCoV-RdRp [6]. Cyanorona-20 is the 4-cyanobenzylidene derivative of 
the antiviral favipiravir at the amino group with extremely-enhanced 
anti-COVID-19 activities (anti-SARS-CoV-2 EC50 = 0.45 μM), and it 
was designed to act mainly as a prodrug (like favipiravir and remdesivir) 
which is metabolized inside the human cells to its active nucleotide 
triphosphate form Cyanorona-20-ribofuranosyl-5’-triphosphate (Cya-
norona-20-RTP) [6]. Medicinal chemists and scientists consider 
Cyanorona-20 as the first bioactive anti-SARS-CoV-2 derivative based on 
the favipiravir scaffold. 

Drug repurposing/repositioning is a tactic or trend which uses a 
known compound or an existing drug (i.e., gives a known molecule a 
second or new opportunity) to treat a challenging, rare, resistant, or 
difficult-to-treat disease. This trend is considered as a substitutional 
drug development plan or strategy that can interestingly be imple-
mented in a reduced/shorter time interval (i.e., less time-consuming) 
and with minimized expenses (i.e., more cost-effective) as compared 
to the conventional standard method of developing any new medication 
[7]. Moreover, as predominant pathogeneses and molecular pathways 
(e.g., oxidative stress and inflammatory conditions) largely contribute to 
almost all diseases and disorders, there are great chances in screening 
and investigating the possibility of known compound repurposing as a 
therapeutic choice [8,9]. Drug repurposing against SARS-CoV-2 is hav-
ing a noticeable role in the therapeutic solutions for the current 
pandemic [10], since some known drugs, e.g., remdesivir, ivermectin, 
favipiravir, hydroxychloroquine, and arbidol, were suggested to have 
some potencies and efficacies against this resistant virus [11–22]. 
Making use of this compound repurposing strategy in an effort to help in 
fighting the COVID-19 pandemic, we have computationally screened 
and examined the compounds of our small libraries (specially those 
previously bioevaluated as effective or potent antioxidant, anti- 
inflammatory, antiviral, and/or antimicrobial agents) [23,24] against 
almost all the target COVID-19 enzymes, receptors, and proteins. Until 
mid-2020, more than 181 SARS-CoV-2 protein structures were 
completely identified and released in the Protein Data Bank (PDB), 
which are primarily related to about eleven diverse types of the novel 
coronaviral-2 proteins. Surprisingly, this screening and reevaluation 
gave rise to the discovery of mainly three potent anti-SARS-CoV-2 agents 
of the polyphenolic 2,5-disubstituted-1,3,4-oxadiazole type, CoVi-
Tris2020/ChloViD2020 (which were previously reported [5]) and 
Taroxaz-104 (which is reported in this current research paper) (Fig. 2), 
which have three, one, and two 3,4,5-trihydroxyphenyl/1,3,4-oxadia-
zole group(s), respectively. 

Taroxaz-104 (the word “tar” stands for (2R,3R)-(+)-tartaric acid, the 
carboxylic acid from which the compound is derived or synthesized; the 
word “oxaz” stands for the 1,3,4-oxadiazole ring or the oxygen/nitrogen 
atoms present in the compound; and the number “104” stands for the 
number of the oxygen and nitrogen atoms present in the compound, 

which are 10 and 4, respectively) is a polyphenolic molecule (chemically 
it is 5,5’-{5,5’-[(1R,2R)-1,2-dihydroxyethane-1,2-diyl]bis(1,3,4-oxa-
diazole-5,2-diyl)}dibenzene-1,2,3-triol) that was previously synthesized 
and bioevaluated as effective antioxidant compound more than four 
years ago [23] (Fig. 3). It is worth noticing that Taroxaz-104 molecule 
could be seen as a dimer of the typical 2,5-disubstituted-1,3,4-oxadia-
zole monomer 5-[5-(hydroxymethyl)-1,3,4-oxadiazol-2-yl]benzene-1, 
2,3-triol. Polyphenols are one of the most bioactive phytochemical 
species, since they have potent diverse biological activities, e.g., anti-
oxidant, anti-inflammatory, immunomodulatory, antimicrobial, anti-
viral, and recently in vitro anticoronaviral-2 activities [23–31]. 
Polyphenols potentially inhibit all the steps of the coronaviral-2 life 
cycle, e.g., prevent binding of SARS-CoV-2 spike (S) protein to human 
cell membrane enzyme/receptor angiotensin-converting enzyme 2 
(ACE2), hinder viral entry into the human cell, block viral RNA repli-
cation/transcription, and disturb protein processing [25–31]. Interest-
ingly, the antioxidant polyphenolic Taroxaz-104 molecule has a high 
reserve of oxygen atoms (ten atoms, present in the six phenolic hydroxyl 
groups, two aliphatic hydroxyl groups, and two 1,3,4-oxadiazole nuclei) 
and nitrogen atoms (four atoms, present in the two 1,3,4-oxadiazole 
nuclei) in its constructure, rendering it significantly potential inhibitor 
of the microbial protein (e.g., SARS-CoV-2 proteins). Taroxaz-104 
molecule structure is clearly characterized by a high degree of struc-
tural flexibility, thus the flexible backbone of this compound is expected 
to add extra inhibitory binding abilities to its structure when hitting any 
viral protein [5]. The significant number of hydrogen bond- 
donating/accepting moieties and aromatic rings (which provide the 
strong hydrogen bonds and hydrophobic interactions required for the 
ideal binding with the binding motifs and domains of all active pock-
ets/cavities of the COVID-19 protein targets [5]) is also proposed to 
synergize and potentiate the inhibitory binding abilities of Taroxaz-104 
ligand against the SARS-CoV-2 particles. It is worth mentioning that 
Taroxaz-104 molecule has considerable analogy with coronaviral RNA 
nucleosides, giving the compound the potential ability of being 

Fig. 1. Chemical structures of the under-investigation newly-discovered anti-COVID-19 drugs (CoViTris2020, ChloViD2020, and Cyanorona-20).  

Fig. 2. Chemical structure of the anti-COVID-19 drug candidate Taroxaz-104.  
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successful bioisosteric antimetabolite in COVID-19 treatment. In addi-
tion, the oxygenous/nitrogenous constructure of Taroxaz-104 is char-
acterized by an important predicted feature of being a potent 
multizincophore (i.e., a strong zinc ion/atom carrier), since it has about 
fourteen zincophoric centers (ten active oxygen atoms and four active 
nitrogen atoms), rendering it an ideal typical candidate to act as a strong 
zinc-chelating/transporting agent. Zn2+ ions, in certain concentrations, 
were found to significantly impair nCoV-RdRp activity and its associated 
coronaviral-2 replication/transcription in vitro, thus they have pivotal 
role and function in controlling the performance and activity of the 
COVID-19 RNA-synthesizing machinery and inhibiting the replication 
processes of coronaviruses intracellularly [5,15,20,32]. Inhibiting 
nCoV-RdRp and its accompanying replication process is a 
newly-established strategy to fight SARS-CoV-2 through searching for 
zincophoric/multizincophoric molecules that have strong zincophoric 
properties, thus Taroxaz-104 is expected to act as anti-COVID-19, partly, 
through acting as a potent anti-SARS-CoV-2 zincophoric compound [5, 
15,20,32]. The intense resonance of Taroxaz-104 chemical structure 
may help in reducing the binding free energies and strengthening the 
inhibitory biochemical stabilities of the complexes of Taroxaz-104 with 
the active amino acid residues of the SARS-CoV-2 target proteins (e.g., 
nCoV-RdRp), and, as a result, boosting the total potential anti-COVID-19 
activities [5,23]. Logically, the beneficial antioxidant actions of 
Taroxaz-104 will also support its potential anti-COVID-19 bioactivities 
through reducing the oxidant parts of almost all target coronaviral-2 
enzymes/proteins, leading to inactivation of these active proteins (this 
antioxidant performance will also have a secondary role in quenching 
and suppressing the severe inflammatory oxidative stress status of the 
COVID-19 patients [4,23]). The existence of the two pharmacologically- 
active antiviral heterocyclic 1,3,4-oxadiazole cores in Taroxaz-104 
chemical structure is predicted to significantly support the 
anticoronaviral-2 bioactions of Taroxaz-104 [5,23]. The desirable 
moderate and balanced ratios of lipophilic-to-hydrophilic properties of 
Taroxaz-104 (Taroxaz-104 has a log P value < 5) are substantially 
required to afford the preferable tolerated pharmacokinetic features 
[33]. 

The primary computational molecular docking of Taroxaz-104 
molecule in almost all the recognized SARS-CoV-2 protein targets 
(including most known coronaviral-2 functional enzymes) revealed the 
significantly strong inhibitory binding affinities with the protein struc-
tures of SARS-CoV-2 [34], specifically with the nCoV-RdRp. These 
motivating primary results were further reevaluated through another 

molecular docking application to confirm the previous results and 
deeply investigate the nCoV-RdRp-Taroxaz-104 interaction in more 
details. Interestingly, the computational reevaluation proved the potent 
inhibitory interactions of the small molecule of Taroxaz-104 with many 
of the active amino acid residues of the most important binding 
domains/motifs (i.e., active pockets/cavities of the allosteric and active 
sites) of the giant molecule of nCoV-RdRp. Based on the previous 
promising multitarget (i.e., multiple inhibitory actions against the 
coronaviral-2 particle) and specific-target (i.e., distinctive inhibitory 
action against the nCoV-RdRp particle) data, the biological assessment 
of the anti-SARS-CoV-2 activities of Taroxaz-104 was carried out using 
an in vitro anti-COVID-19 bioassay. Similarly as the simulative compu-
tational predictions, the anti-COVID-19 bioassay results were also very 
interesting, since they even significantly surpassed those of the potent 
reference drugs. All the preceding promising predictions and results 
support our mission to prove the potential therapeutic effectiveness of 
successfully using Taroxaz-104 compound as a highly potent 
anti-COVID-19 drug. As a conclusion, in this original discovery research 
paper, the deep theoretical computational investigations and in vitro 
experimental biological evaluations of the previously-synthesized com-
pound called Taroxaz-104 as efficient and very active anti-COVID-19 
agent (i.e., as a strong antidotal anti-SARS-CoV-2 compound) were 
reported. 

2. Methods 

2.1. Computational molecular docking studies (speculative anti-COVID- 
19 activities evaluation) of Taroxaz-104 

The primary computational screening and molecular modeling to 
theoretically predict and evaluate the anti-SARS-CoV-2 properties of 
Taroxaz-104 were performed using COVID-19 Docking Server [35]. This 
server is one of the new molecular docking web servers constructed and 
launched in response to the COVID-19 pandemic in order to examine 
and predict the binding mechanisms between the known COVID-19 
targets and their several potential ligands by implementing AutoDock 
Vina/CoDockPP docking engines [35]. COVID-19 Docking Server 
web-based software is a new interactive web server for computational 
docking of small and complex molecules against known protein targets 
of COVID-19 (SARS-CoV-2 and human targets) in order to speculatively 
predict the binding modes between any COVID-19 target and the ligands 
along with evaluating the anti-SAR-CoV-2 properties of these potential 

Fig. 3. Synthetic pathways of the potential anti-COVID-19 drug Taroxaz-104.  
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inhibitors. The web server was loaded by the several constructions of all 
the functional/structural protein targets involved in the coronaviral-2 
replication life cycle through using the reliable appropriate methods. 
3D coordinate generation/format transformation for the uploaded files 
were performed using Open Babel. The potent antiviral agent 
GS-443902 (active metabolite of remdesivir; it is also called GS-441524 
triphosphate) was used as the reference or positive control compound 
for comparison purposes [36]. Taroxaz-104 and GS-443902 structures 
were preferably uploaded in the form of strict .sdf file format. For virtual 
docking of each of Taroxaz-104 and GS-443902 molecules, the “Dock-
ing” mode box was selected as the implemented computational type. To 
obtain the highest precise docking results possible, a moderate default 
exhaustiveness value option of 12 was used. The outputs of the top ten 
models were visualized by JSmol (3D representations), and all the 
docking results were easily seen and downloaded from the separate 
result page. 

To confirm the results of the COVID-19 Docking Server methodology 
and investigate the best binding interactions and modes in much more 
details, another molecular docking web server, PatchDock, was used 
[37]. PatchDock web server is a validated rigid molecular docking al-
gorithm which is based mainly on shape complementarity principles 
[37,38]. The permitted input is two molecules of any type (e.g., proteins, 
enzymes, DNA, peptides, antibodies, antigens, drugs, and compounds), 
while the resulted output is a full list of potential complexes arranged by 
the different criteria of shape complementarity. According to its web 
site, PatchDock algorithm is principally inspired by object identi-
fication/recognition and several image segmentation techniques used in 
computer vision. Docking in PatchDock methodology is largely analo-
gous to collecting a jigsaw puzzle. When solving the puzzle we try to 
match two pieces by picking one piece and searching for the comple-
mentary one. We concentrate on the patterns that are unique for the 
puzzle element and look for the matching patterns in the rest of the 
pieces. As with the jigsaw puzzle, PatchDock technique segments sur-
faces of the two examined molecules into various distinguishable 
patches according to the shape of each surface. The patches coincide to 
patterns that visually differentiate between the puzzle pieces. Once the 
patches are totally recognized, they could be easily superimposed using 
the employed shape matching algorithms (each patch passes through the 
three major stages of the algorithm [37,38]). To begin the docking 
procedure for each compound, the files of the optimized free structures 
of the receptor (complex nCoV-RdRp enzyme with the PDB code of 
7BV2; the protein with the best inhibitory binding interactions and 
scores from the previous COVID-19 Docking Server methodology) and 
ligand (Taroxaz-104 or GS-443902) molecules were firstly uploaded in . 
pdb format in their respective positions in the docking page of the 
server. A default clustering RMSD value of 4.0 and an enzyme-inhibitor 
complex type were selected in our current case (advanced options are 
also available in this docking tool). Results were seen and easily 
downloaded in the form of solutions tables (data are sorted in a 
descending order according to the final score) in the results page. The 
best solutions from the PatchDock Server were further refined in another 
linked web server, called FireDock Server, which is used for fast and 
final refinement of the binding interactions in molecular docking [39]. 

After performing the previous two major docking procedures, the 
structure of nCoV-RdRp-Taroxaz-104 complex or nCoV-RdRp-GS- 
443902 complex was further examined (3D) and precisely analyzed 
for investigative characterization through utilizing the fully-automated 
interactive tool of the well-designed Protein-Ligand Interaction Pro-
filer (PLIP) web server [40,41]. Screen shots of the resulted images were 
taken for investigation and reporting. Data of the interacted active 
amino acid residues were tabulated for comparison and explanation of 
the prior docking results to come to final conclusions. 

2.2. In vitro anti-COVID-19 bioactivities of Taroxaz-104 

This credible and robust in vitro anti-COVID-19 test is based mainly 

upon the original procedures of Chu and coworkers [11,42] with very 
slight adjustments. The complete procedures were carried out in a 
specialized biosafety level 3 (BSL-3) laboratory. The assayed new strain 
of SARS-CoV-2 virus, the first Variant of Concern from 2020, December 
(VOC-202012/01), was isolated from the fresh nasopharynx aspirate 
and throat swab of a confirmed thirty nine-years-aged COVID-19 female 
patient using Vero E6 cells (ATCC CRL-1586). Stock virus (107.25 

TCID50/mL) was prepared after three serial passages in Vero E6 cells in 
infection media (DMEM supplemented with 4.5 g/L D-glucose, 100 mg/L 
sodium pyruvate, 2% FBS, 100,000 U/L Penicillin-Streptomycin, and 25 
mM HEPES). Following the original procedures in the literature, 
Taroxaz-104 compound was prepared (starting from gallic acid), puri-
fied (> 96% purity, HPLC), fully characterized (color, melting point, IR, 
1H NMR, 13C NMR, MS, and elemental analysis), and put in small dark 
brown glass vials to be ready for the assay [23]. The pure reference 
compound GS-443902 was purchased from MedChemExpress (MCE®). 
Preliminary pilot assays were performed mainly to determine and decide 
the adequate concentration of Taroxaz-104 and GS-443902 to start the 
in vitro anti-COVID-19 and cytotoxicity tests with. The stocks of the 
tested compounds were accurately prepared by dissolving each of the 
two compounds in dimethylsulfoxide (DMSO) (100 mM concentration of 
each, this was found to be the best stock concentration). Additionally, 
DMSO was used for the purpose of a negative control comparison to 
make the study placebo-controlled. To evaluate the in vitro 
anti-SARS-CoV-2 activity of the target compound, Taroxaz-104, in 
comparison to that of the positive control drug, GS-443902, along with 
that of the negative control solvent, DMSO, Vero E6 cells were pre-
treated with the three compounds diluted in infection media for 1 h prior 
to infection by the new variant of the SARS-CoV-2 virus at MOI = 0.02. 
The three tested compounds were maintained with the virus inoculum 
during the 2-h incubation period. The inoculum was removed after in-
cubation, and the cells were overlaid with infection media containing 
the diluted test compounds. After 48 h incubation at 37 ◦C, supernatants 
were immediately collected to quantify viral loads by TCID50 assay or 
quantitative real-time RT-PCR "qRT-PCR" (TaqMan™ Fast Virus 1-Step 
Master Mix) [11,42]. Viral loads in this assay were fitted in logarithm 
scale (log10 TCID50/mL and log10 viral RNA copies/mL) [11,42], not in 
linear scale [43], under increasing concentrations of the tested com-
pounds. Four-parameter logistic regression (GraphPad Prism) was used 
to fit the dose-response curves and determine the EC50 of the tested 
compounds that inhibit SARS-CoV-2 viral replication (CPEIC100 was also 
determined for each compound). Cytotoxicity of each of the three tested 
compounds was evaluated in Vero E6 cells using the CellTiter-Glo® 
Luminescent Cell Viability Assay (Promega) [11,44]. Final results were 
represented as the mean (μ) ± the standard deviation (SD) from the 
triplicate biological experiments. Statistical analysis was performed 
using SkanIt 4.0 Research Edition software (Thermo Fisher Scientific) 
and Prism V5 software (GraphPad). All reported data were significant at 
p < 0.05. 

3. Results and discussion 

3.1. Computational molecular docking studies (speculative anti-COVID- 
19 activities evaluation) of Taroxaz-104 

The predictive molecular docking investigation of Taroxaz-104 
molecule revealed that its maximal effectiveness (i.e., the strongest 
inhibitory binding interactions) obviously appeared upon hitting the 
nCoV-RdRp, thus Table 1 specifically focuses on the results for the nCoV- 
RdRp-Taroxaz-104 complex as compared to the reference nCoV-RdRp- 
GS-443902 complex. The successful understanding of the nCoV-RdRp- 
Taroxaz-104 binding interactions will pave the way for the develop-
ment of this compound as a candidate SARS-CoV-2 inhibitor in the drug 
discovery journey of COVID-19. This computational prediction helps us 
to deeply confirm and establish the expected anti-COVID-19 mechanism 
of action of Taroxaz-104 agent along with its degree of efficacy/potency. 

A.M. Rabie                                                                                                                                                                                                                                       
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On close observation of the predicted best pose score values (in 
Table 1) of docking nCoV-RdRp (with and without RNA, respectively) 
using COVID-19 Docking Server, it is obviously noticed that Taroxaz- 
104 is superior to GS-443902 in the inhibitory binding affinities/po-
tencies with very good binding energies of − 10.60 and − 9.10 kcal/mol 
with RdRp-RNA (RTP site) and RdRp alone (RNA site), respectively. The 
previous values interestingly reflect the promising expected nCoV- 
RdRp-inhibiting properties of the potent antioxidant molecule 
Taroxaz-104, since they significantly exceed those of the positive control 
agent GS-443902 (it has lower good binding energies of − 9.20 and 
− 7.90 kcal/mol with RdRp-RNA and RdRp alone, respectively), through 
demonstrating the strong interactions and binding to the SARS-CoV-2 
polymerase protein with and without RNA forming very stable inhibi-
ted complexes. These considerable primary results are very encouraging 
since they bring to light the significant probability of Taroxaz-104 to be 
a very potent candidate inhibitor/blocker of nCoV-RdRp. Fig. 4a–d 
shows the resulted respective docking images (3D visualized in JSmol 
application) using COVID-19 Docking Server methodology. 

As a complementary confirmation of the COVID-19 Docking Server 
results, PatchDock Server methodology was performed. The results in 

Fig. 5a and b show that Taroxaz-104 interacts with one or more of the 
predicted active/allosteric pockets (domains and motifs) of the nCoV- 
RdRp in close mode(s) of action to that of the reference GS-443902. 
Taroxaz-104 molecule strikes about 50% of the same active amino 
acid residues that GS-443902 interacts with in chain A of nCoV-RdRp 
complex structure, namely His256/Tyr265/Ile266/Lys267/Trp268/ 
Pro322/Pro323, respectively, revealing another additional active/allo-
steric site(s) of the polymerase to the previously-suggested one known 
for favipiravir [45,46]. Taroxaz-104 binds to the previously-mentioned 
amino acids with much more stronger interactions than GS-443902, thus 
predictably exhibits better inhibitory binding interactions than this 
reference ligand. It was also found that Taroxaz-104 forms higher 
number of strong hydrogen bonds and hydrophobic interactions with 
the nCoV-RdRp than what GS-443902 does, as a result of, mainly, the 
relatively higher number of hydroxyl groups/aromatic rings. These data 
completely support the previous results obtained upon applying the 
COVID-19 Docking Server methodology. 

3D visualization of the best poses of docking of nCoV-RdRp with 
Taroxaz-104 and GS-443902 molecules in PLIP web server (Fig. 6a and 
b) shows the balanced degrees of conformational/orientational flexi-
bility of Taroxaz-104 structure as compared to the less-balanced ones of 
GS-443902 structure. Taroxaz-104 molecule is expected to be clearly 
characterized by superflexibility inside the biological systems, since it is 
a disubstituted or two-wing bulky derivative of tartaric acid with bigger 
topological polar surface area (TPSA) and more total atoms than GS- 
443902 molecule. This significant flexibility is much required for any 
ligand of nCoV-RdRp to provide its structural backbone with the optimal 
positioning and targeting of the active binding cavities (including active 
domains and motifs) of the polymerase protein, which leads to more 
efficient and potent inhibition of the SARS-CoV-2 replication processes 
performed by the enzyme. Promisingly, all the previous computational 
predictions support the theoretical expectation for Taroxaz-104 to act as 
an efficacious potent anti-COVID-19 agent. 

Table 1 
Score values of the computationally-predicted anti-nCoV-RdRp properties of the 
target 1,3,4-oxadiazole, Taroxaz-104, and the reference drug, GS-443902, 
respectively, using COVID-19 Docking Server methodology (the table displays 
the least binding free energy value obtained, in kcal/mol, for each compound 
with nCoV-RdRp).  

SARS-CoV-2 Target Polymerase Top Pose Score Value of Inhibitory Binding 
Energies for Docking of nCoV-RdRp Protein 

Target (kcal/mol) 

Taroxaz-104 GS-443902 

RdRp-RNA (RTP site) − 10.60 − 9.20 
RdRp (RNA site) − 9.10 − 7.90  

Fig. 4. Screenshots of COVID-19 Docking 
Server outputs of the top predicted binding 
model of docking of Taroxaz-104 molecule 
(colored pink) in: (a) nCoV-RdRp-RNA “RTP 
site” (PDB code: 7BV2; colored with other 
various colors), (b) nCoV-RdRp “RNA site” 
(PDB code: 7BV2; colored with other various 
colors); and GS-443902 molecule (colored 
pink) in: (c) nCoV-RdRp-RNA “RTP site” 
(PDB code: 7BV2; colored with other various 
colors), (d) nCoV-RdRp “RNA site” (PDB 
code: 7BV2; colored with other various 
colors).   
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3.2. In vitro anti-COVID-19 bioactivities of Taroxaz-104 

The values resulted from the in vitro anti-COVID-19 and cytotoxicity 
bioassays (compound concentrations were measured in μM) are shown 
in Table 2 in details. Recently, more prevalent, infectious, virulent, and 

resistant strains (variants and lineages) of SARS-CoV-2 have been 
appeared (e.g., VOC-202012/01, previously identified in the U.K. as the 
first Variant Under Investigation in December 2020 "VUI-202012/01" 
and also as the lineage B.1.1.7 or 501Y.V1; and 501.V2, which was 
mainly detected and traced in South Africa) due to multiple genetic 

Fig. 5. 2D representations of the inhibitory binding interactions, of a) Taroxaz-104; b) GS-443902 (showing opening and rearrangement of the ribofuranosyl moiety 
into smaller cyclopropane ring during the expected metabolic and docking procedures), with the amino acids residues of one or more of the active sites of nCoV-RdRp 
(the COVID-19 polymerase). 
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mutations, specially in the spike structure (leading to significant modi-
fications in the spike receptor binding site), and all of them are still 
under tracing [47–50]. The data presented in Table 2 interestingly 
revealed the significantly higher anti-COVID-19 potency of Taroxaz-104 
(specially against the new variants or mutants of SARS-CoV-2 appeared 
until now) as compared to that of the positive control reference drug 
GS-443902 (on the other hand, the placebo DMSO demonstrated 
extremely weak and negligible results). Taroxaz-104 compound was 
found to block SARS-CoV-2 replication/transcription in Vero E6 cells 
with EC50 much less than 100 μM. Promisingly, Taroxaz-104 (EC50 =

0.42 μM) was found to be about 43 times as potent as the reference 
GS-443902 (EC50 = 18.05 μM) with respect to the in vitro 
anti-SARS-CoV-2/anti-VOC-202012/01 bioactivity. According to this 
assay, CC50 of Taroxaz-104 ligand is much greater than 100 μM, thus this 
compound is thought to have very considerable clinical selectivity index 
“SI” (SITaroxaz-104 > 238.10; it is highly wider than that of GS-443902, 
SIGS-443902 > 5.54), indicating the specific and selective anti-RNA ac-
tions of the molecule against the new strains of SARS-CoV-2 rather than 
the human genome. Taroxaz-104 showed very minute value of the 
concentration that causes 100% inhibition of the SARS-CoV-2 

Fig. 6. 3D representations of the inhibitory binding interactions, of a) Taroxaz-104; b) GS-443902, with the amino acids residues of one or more of the active sites of 
nCoV-RdRp. 
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VOC-202012/01 cytopathic effects in vitro (CPEIC100 = 1.20 μM), which 
was much lesser than that of GS-443902 (CPEIC100 = 20.50 μM). 
Moreover, Taroxaz-104 also showed very small value of the concentra-
tion that is needed for 50% decrease in the RNA copies number of 
SARS-CoV-2 (VOC-202012/01 strain) in vitro (0.46 μM), which was 
much smaller than that of GS-443902 (18.67 μM). 

It is worth mentioning that the probability that Taroxaz-104 may 
undergo some biochemical transformations through biological meta-
bolism inside the human cells into more active forms (e.g., its mono/di/ 
triphosphate forms) is present, which may also significantly differ based 
on the nature of each tissue type (e.g., hepatic and primary human 
airway epithelial cells). Based on the metabolism of the analogous nat-
ural polyphenolic products in humans, the in vivo metabolic activation is 
speculatively predicted to attach very minute chemical moieties (which 
of optimal bioavailability and biocompatibility to the human cells) to 
Taroxaz-104 molecule scaffold, therefore, increasing the total clinical 
tolerance and anti-COVID-19 bioactivities of Taroxaz-104 agent. Most 
experimental biological data observed here in this section are substan-
tially consistent with the previous theoretical/computational data hy-
pothesized in the sections of introduction and molecular docking 
studies. The questions now, will Taroxaz-104 successfully pass the final 
preclinical/clinical studies?!, will Taroxaz-104 surpass its brothers 
CoViTris2020 and ChloViD2020 in the pharmacological activities 
against the current new variants of SARS-CoV-2?!, and will Taroxaz-104 
persist very effective against the other evolved variants of SARS-CoV-2 
in the near future?! The coming days will undoubtedly answer all 
these questions and we will see. Promisingly, the apparent superiority, 
in almost all anti-COVID-19 parameters, properties, and activities, of 
Taroxaz-104 over the potent antiviral agent GS-443902 supports 
Taroxaz-104 candidacy to be a potential unique SARS-CoV-2 killer or 
antidote. 

4. Conclusions 

Emergence of the new strains of SARS-CoV-2 represents a critical 
challenging watershed point in our struggle against the virus and 
COVID-19 pandemic. The tantalizing mysterious story starts with the 
appearance and prevalence of SARS-CoV-2 B.1.1.7 strain in London and 
Southeast England (U.K.) in December of 2020. Most virologists and 
epidemiologists are pointing to the probability of significant further 
opportunities for coronaviral-2 evolution, specially in people with 
considerably-compromised immune systems, since these patients easily 
tend to suffer from long-lasting chronic infections, during which the 
SARS-CoV-2 can linger for long periods of weeks and months. Potent 
inhibition of the most pivotal protein targets of the SARS-CoV-2 particle, 
e.g., nCoV-RdRp, is considered as the most successful and feasible tactic 

for efficient development of anti-SARS-CoV-2/anti-COVID-19 drugs. 
Our continuous efforts led to the effective repositioning/repurposing 
and discovery of a very promising potent nCoV-RdRp/SARS-CoV-2 in-
hibitor through the successful biological reevaluation of the previously- 
synthesized antioxidant ligand Taroxaz-104, which successfully inhibi-
ted the most important stage of the coronaviral-2 life cycle, the repli-
cation/transcription phase, with interesting EC50 value of 0.42 μM. 
Taroxaz-104 exhibits about 43-fold anti-SARS-CoV-2 potencies 
(specially against the newly-evolved SAR-CoV-2 variant, VOC-202012/ 
01) as compared to the standard reference drug GS-443902. Meanwhile, 
the discovery and arising of the very strong anti-COVID-19 bioactivities 
of Taroxaz-104 molecule render us welcoming this compound as a third 
new member (beside the two preceding members, CoViTris2020 and 
ChloViD2020 compounds) of the first chemical class discovered of anti- 
COVID-19 agents (the polyphenolic 1,3,4-oxadiazoles or 2,5-disubsti-
tuted-1,3,4-oxadiazoles class) [5]. Previous comprehensive computa-
tional molecular modeling studies revealed the optimal 
pharmacokinetic/druglikeness parameters values that Taroxaz-104 has. 
Molecular docking checking and analysis of the best blocking binding 
modes of Taroxaz-104 ligand with the different SARS-CoV-2 protein 
targets showed that the polyhydroxyphenyl/1,3,4-oxadiazole moieties 
significantly enhance the inhibitory affinities at the active and/or allo-
steric site(s) of the coronaviral-2 polymerase or nCoV-RdRp (binding 
energies reach − 10.60 kcal/mol) as compared to the reference 
GS-443902 (which lacks both electron-rich and potent antioxidant 
moieties). Discovery of Taroxaz-104 presents a major paradigm shift in 
anti-COVID-19 therapeutic discoveries, since it is the first compound 
that shows significant inhibiting bioactivities against the more deadly 
new variants and lineages of the SARS-CoV-2 particles (i.e., Taroxaz-104 
agent is specifically characterized by its additional inhibitory 
anti-COVID-19 activities against the new and resistant strains of 
SARS-CoV-2, giving this compound a unique featured property as 
compared to other under-investigation anti-COVID-19 agents). Signifi-
cantly, Taroxaz-104 is clearly superior to the highly potent antiviral 
agent GS-443902 in all compared computational and experimental 
anti-COVID-19 criteria and parameters. Extensive future investigations, 
including in vivo anti-SARS-CoV-2 studies and randomized controlled 
anti-COVID-19 clinical trials, are needed for the evolution of 
Taroxaz-104 and its family of polyphenolic 2,5-disubstituted-1,3,4-oxa-
diazole analogs/derivatives as anti-COVID-19 drugs. To cut it short, in 
this novel discovery research article, the antioxidant Taroxaz-104 
compound was reported to be effectively repositioned, reevaluated, 
and repurposed as a very promising anti-SARS-CoV-2 molecule and also 
as the first reported anti-VOC-202012/01 agent. 

Table 2 
Anti-COVID-19 (anti-SARS-CoV-2/anti-VOC-202012/01) activities (along with human cells toxicities) of Taroxaz-104 (using GS-443902 as the positive control/ 
reference drug, and DMSO as the negative control/placebo drug) against SARS-CoV-2 (VOC-202012/01 strain) in Vero E6 cells.  

Classification Compound 
Name 

CC50
a 

(μM) 
Inhibition of SARS-CoV-2 in vitro (Anti-VOC-202012/01 Bioactivities) (μM) 

100% CPE Inhibitory Concentration 
(CPEIC100)b 

50% Reduction in Infectious 
Virus (EC50)c  

50% Reduction in Viral RNA 
Copy (EC50)d 

Target Compound Taroxaz-104 > 100 1.20 ± 0.08 0.42 ± 0.02 0.46 ± 0.03 
Reference Compound GS-443902 > 100 20.50 ± 0.93 18.05 ± 0.88 18.67 ± 0.90 

Placebo Solvent DMSO > 100 > 100 > 100 > 100  

a CC50 or 50% cytotoxic concentration is the concentration of the tested compound that kills half the cells in an uninfected cell culture. CC50 was determined with 
serially-diluted compounds in Vero E6 cells at 48 h postincubation using CellTiter-Glow Luminescent Cell Viability Assay (Promega). 

b CPEIC100 or 100% CPE inhibitory concentration is the lowest concentration of the tested compound that causes 100% inhibition of the cytopathic effects (CPE) of 
SARS-CoV-2 VOC-202012/01 virus in Vero E6 cells under increasing concentrations of the tested compound at 48 h postinfection. Compounds were serially 2-fold or 4- 
fold diluted from 100 μM concentration. 

c EC50 or 50% effective concentration is the concentration of the tested compound that is required for 50% reduction in infectious SARS-CoV-2 VOC-202012/01 virus 
particles in vitro. EC50 is determined by infectious virus yield in culture supernatant at 48 h postinfection (log10 TCID50/mL). 

d EC50 or 50% effective concentration is the concentration of the tested compound that is required for 50% reduction in SARS-CoV-2 VOC-202012/01 viral RNA 
copies in vitro. EC50 is determined by viral RNA copies number in culture supernatant at 48 h postinfection (log10 RNA copies/mL). 
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