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1. INTRODUCTION

A human coronavirus emerged in Wuhan, China (COVID-19) in 
late 2019 [1–3]. The World Health Organization (WHO) reported 
that, as of February 2, 2021, there have been 102,942,987 confirmed 
cases of COVID-19, including 2,232,233 deaths [4]. The symptoms 
caused by this viral infection including cough, fever, dyspnea, and 
lesion in the lungs [5]. In the advanced stage, the symptoms of this 
virus show pneumonia, which progresses to severe pneumonia 
and Acute Respiratory Distress Syndrome, which in turn results in 
the need for life support to sustain the patients [6,7]. The urgent 
need to discover new and repurposed drugs to treat this world-
wide pandemic is highly challenging [8]. To reduce transmission 
and stop virus infection caused by COVID-19, the WHO suggested 
several crucial strategies; for example, isolating patients at early 
stages, minimizing social human–human contact, and wearing of 
masks. Recently several vaccines have been developed and used 

under emergency purposes including Pfizer–BioNTech COVID-19 
vaccine, Moderna COVID-19 vaccine, Oxford–AstraZeneca vac-
cine, and other vaccines developed by China and Russia; however, 
these vaccines are provided under crucial limitations [9]. To date, 
all developed vaccines or drugs used for COVID-19 treatment are 
suffering from many drawbacks.

The drug repurposing approach, one of the most efficient, facile, 
and promising protocol methods, was used to discover safer novel 
potent inhibitors that are selective for COVID-19. The reapplica-
tion of existing Food and Drug Administration (FDA)-approved 
therapeutic drugs to treat a new disease offers the advantages of 
rapid clinical impact at a lower cost and reduction of the number 
of steps involved in developing a new drug. Several factors favor 
the drug repurposing strategy, both at the preclinical and clinical 
stages. One of the typical scenarios in target-directed preclinical 
drug discovery is to initially focus on the optimization of binding 
affinity for the primary target, often with the simultaneous reduc-
tion of affinity for “secondary targets” (i.e., selectivity). Such efforts 
quite often leave aside the task of target profiling of said drug can-
didates for other, unrelated target classes, as well as drug pharma-
cokinetics and safety profiling [10].
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A B S T R AC T
A drug repurposing approach for Food and Drug Administration (FDA)-approved drugs and preclinical entity by using 
cheminformatics and chemical transformational method, with the objective of discovering safer novel potent inhibitors that 
are selective for COVID-19, is reported. We examined the action of lactoferrin against Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2). Lactoferrin was tested not only as therapy but also as a nanocarrier. Among the different 
repurposed drugs approved to help control the COVID-19 pandemic, we focused on nitazoxanide in a nanodrug delivery 
form. Lactoferrin activity improved after it was used in combination with nitazoxanide [half-maximal inhibitory concentration  
(IC50) = 2.72, 1.34 with Selectivity Index (SI) = 25 and 32, respectively]. These results will help us enhance the activity of lactoferrin 
as a nanocarrier for a variety of selected drugs. In addition, the antiviral activity of the spirooxindole scaffold showed interesting 
results against SARS-CoV-2 as well as Middle East respiratory syndrome (MERS)-CoV with an IC50 of 0.03 and 0.001 mM, 
respectively. The molecular modeling study revealed that nitazoxanide has a high similarity to arbidol. Docking outputs emphasize 
the importance of anilide functionality in drug activity because of its ability to form essential HB main protease and spike protein 
active sites. By understanding the binding mode, these data will help us design new bioactive drug candidates against SARS-CoV-2.
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Lactoferrin is a globular glycoprotein that originates in mamma-
lian milk (Figure 1). It has a wide spectrum of medical and phar-
macological activities, especially immunological activities. Many 
countries all over the world including those in the Middle East 
incorporated it in their protocols for treatment of  COVID-19 
patients. It has been reported that viruses initially attach to 
Heparan Sulfate Proteoglycans present in the surface of the 
host cell, and it has been shown that lactoferrin can inhibit this 
 connection [11,12].

To date, extensive efforts have been directed to repurpose FDA-
approved drugs to combat Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2) using drug repurposing approaches. 
One of these drugs is nitazoxanide, an orally active broad- spectrum 
antiparasitic agent (Figure 1). Recent studies have shown its  
activity against SARS-CoV-2, but with low selective index and 
higher toxicity [13,14].

Increasing selectivity while reducing toxicity is a challenging task. 
Nevertheless, when Barakat et al. [15,16] engaged in a drug design 
and development research program, results indicated that the 
spirooxindole scaffold showed efficient anticancer properties with 
high selectivity and low toxicity, which are now under preclinical 
investigation.

Based on the finding mentioned above, we have assessed the 
 antiviral activity of the following preclinical compounds and 
FDA-approved drugs including spirooxindole scaffold,  lactoferrin, 
nitazoxanide, and also nitazoxanide-loaded lactoferrin nanoparti-
cles using computational chemistry, molecular docking studies, and 
the shape similarity protocols for drug discovery for  COVID-19 
treatment.

2. MATERIALS AND METHODS

Absolute alcohol, dimethyl formamide, and glutaraldehyde solu-
tion (Sigma-Aldrich, Germany) were used.

2.1. Synthesis of Spirooxindole

The synthesis of the spirooxindole scaffold was prepared according 
to Barakat et al. [15,16], and confirmation of the chemical structure 
was assigned and agreed with previously reported data.

2.2.  Nanoformulation of the Selected Drugs 
Lactoferrin and Nitazoxanide

2.2.1.  Preparation of lactoferrin 
 nanoparticles

Lactoferrin nanoparticles were prepared according to previously 
reported protocols with several modifications [17,18]. In brief, 
a lactoferrin solution (0.2% w/v) was prepared by dissolving the 
appropriate amount in distilled water at Room Temperature (RT) 
for 1 h. Then the pH of the solution was adjusted to 8. Afterward, 
the nanoprecipitation technique was followed through the drop-
wise addition of absolute alcohol into the lactoferrin solution. 
Finally, a few drops of glutaraldehyde solution and Tween 80 were 
added to ensure the crosslinking of the formed nanoparticles and 
to minimize their size, respectively [19].

2.2.2.  Preparation of nitazoxanide-loaded 
lactoferrin nanoparticles

Lactoferrin and nitazoxanide were dissolved separately. For 
instance, lactoferrin was dissolved in distilled water as discussed 
in Section 2.2.1, whereas nitazoxanide was dissolved in dimethyl 
formamide. Next, alcohol and nitazoxanide solution were added 
dropwise at the same time into the lactoferrin solution, while 
stirring at RT. Finally, crosslinking of the nanoparticles as well as 
controlling their size were accomplished through adding glutaral-
dehyde and Tween 80, respectively [19,20].

2.2.3.  Particle size, polydispersity  index, 
and zeta potential of prepared 
nanoparticles

Particle size, Polydispersity Index (PDI), and zeta potential of 
each of the prepared nanoparticles were estimated through the 
Dynamic Light Scattering technique using Malvern Zetasizer 
(Malvern Instruments, Worcestershire, UK). The particle size 
analysis results contain both the Z-average mean and the PDI. 
PDI is estimated to investigate the uniformity of the particle 
size in the nanosuspension. A low PDI value indicates the narrow   
distribution of the particle size [18,21]. Meanwhile, zeta potential 

Figure 1 | Chemical structures of spirooxindole, lactoferrin, and nitazoxanide.
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is  estimated to detect the surface charge of the prepared nanopar-
ticles because the abundance of charges in nanoparticles prevent 
their aggregation, thereby increasing their stability within the 
nanosuspension [17,19].

2.3. Virology Study

2.3.1. Cytotoxicity (CC50 ) determination

To assess the half-maximal cytotoxic concentration (CC50), stock 
solutions of the test compounds were prepared in 10% dimethyl 
sulfoxide in ddH2O and diluted further to the working solutions 
with Dulbecco’s modified Eagle’s medium [14,22–24]. The cytotoxic 
activity of the extracts was tested in Vero-E6 cells by using crys-
tal violet assay as previously described [22] with minor modifica-
tions. Briefly, the cells were seeded in 96-well plates (100 mL/well 
at a density of 3 × 105 cells/mL) and incubated for 24 h at 37°C in 
5% CO2. After 24 h, cells were treated with various concentrations 
of the tested compounds in triplicates. Seventy-two hours later, the 
supernatant was discarded, and cell monolayers were fixed with 10% 
formaldehyde for 1 h at RT. The fixed monolayers are then dried 
and stained with 50 mL of 0.1% crystal violet for 20 min on a bench 
rocker at RT. The monolayers are then washed and dried, and the 
crystal violet dye in each well is then dissolved with 200 mL metha-
nol for 20 min on a bench rocker at RT. Absorbance of crystal violet 
solutions is measured at lmax 570 nm as a reference wavelength using 
a multiwell plate reader. The percentage of cytotoxicity compared 
to the untreated cells was determined with the following equation.

The plot of % cytotoxicity versus sample concentration was used 
to calculate the concentration which exhibited 50% cytotoxicity 
(CC50) [24].

% Cytotoxicity =

(Absorbance of cells without treatment
Absorbanc

−
ee of cells with treatment) 100

Absorbance of cells without treatme
×

nnt

2.3.2.  Inhibitory concentration50 
 determination

The half-maximal inhibitory concentration (IC50) values for the 
tested compounds were determined as previously described [14], 
with minor modifications. Briefly, in 96-well tissue culture plates, 

2.4 × 104 Vero-E6 cells were distributed in each well and incubated 
overnight at a humidified 37°C incubator under 5% CO2 condition. 
The cell monolayers were then washed once with 1× Phosphate-
buffered Sulfate (PBS). An aliquot of the SARS-CoV-2 “NRC-03-
nhCoV” virus [23] containing 100 TCID50 was incubated with 
serial diluted compounds and kept at 37°C for 1 h. The Vero-E6 
cells were treated with the virus–compound mix and coincubated 
at 37°C in a total volume of 200 mL/well. Untreated cells infected 
with virus represent virus control; however, cells that are not treated 
and not infected served as cell control. After incubation at 37°C in 
5% CO2 incubator for 72 h, the cells were fixed with 100 mL of 10% 
paraformaldehyde for 20 min and stained with 0.5% crystal violet 
in distilled water for 15 min at RT. The crystal violet dye was then 
dissolved using 100 mL absolute methanol per well, and the optical 
density of the color is measured at 570 nm using Anthos Zenyth 
200rt plate reader (Anthos Labtec Instruments, Heerhugowaard, 
The Netherlands). The IC50 of the compound is that required to 
reduce the virus-induced Cytopathic Effect (CPE) by 50%, relative 
to the virus control.

2.4. Molecular Modeling

The molecular docking and shape similarity known as Rapid 
Overlay Chemical Structure (ROCS) studies were operated using 
the OpenEye Modeling software [Fast Rigid Exhaustive Docking 
Receptor, version 2.2.5; OpenEye Scientific Software, SantaFe, NM, 
USA; http://www.eyesopen.com]. A virtual library of the target drugs 
was used, and their energies were minimized using the MMFF94 
force field, followed by the generation of multiconformers using the 
OMEGA application. Data were visualized by Vida commands.

3. RESULTS AND DISCUSSION

3.1. Synthesis of Spirooxindole Scaffold

Our attention was directed to examine the activity of a patented 
compound with anticancer activity that originated from chemical 
architecture, namely, spirooxonindoles [15,16]. The drug candi-
date was synthesized in a large-scale quantity for antiviral activ-
ity according to the method described by Barakat et al. [15,16], 
as shown in Figure 2. The multicomponent reaction of dienone 
with thioproline and isatin in MeOH under heating for 1.5–2 h at 
60–65°C was utilized to afford the target spirooxindole scaffold.

Figure 2 | Synthesis of the spirooxindole scaffold.
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3.2.  Preparation and Characterization of 
Lactoferrin-based Nanoparticles

Both lactoferrin and nitazoxanide-loaded lactoferrin nanopar-
ticles were successfully prepared. This was observed through the 
formation of slightly turbid and stable nanosuspensions of both 
nanoparticles. Furthermore, the results of Zetasizer measurements 
and Scanning Electron Microscopy (SEM) confirmed the forma-
tion of both particles at the nanoscale range. Furthermore, Fourier 
Transform Infrared (FTIR) analysis confirmed the formation of 
nitazoxanide-loaded lactoferrin nanoparticles.

3.2.1. Particle size analyzer

Lactoferrin nanoparticles showed an average size of 345 ± 12.5 nm  
with a PDI of 0.225. This is considered to be small enough to be 
engulfed by cells crossing their membranes. In addition, the zeta 
potential for the prepared nanoparticles was found to be −15.1 ±  
1.9 mV. This charge is considered an advantage to guarantee the repul-
sion between nanoparticles, thus preventing their aggregation [17,18]. 
Moreover, nitazoxanide-loaded lactoferrin nanoparticles possess an 
average size of 353 ± 17 nm and a PDI of 0.195. This is also a good par-
ticle size to be able to penetrate the cell membrane [25]. Furthermore, 
the zeta potential for the prepared nanoparticles was recorded to be 
−13.9 ± 2.4 mV. This is still considered enough surface charge to pre-
vent aggregation of nanoparticles. Therefore, they are considered to 
form stable nanosuspension [17,18]. Finally, the nanoparticle showed 
an entrapment efficiency of almost 70% of the loaded drug.

In conclusion, it is observed that the loading of nitazoxanide within 
the lactoferrin matrix did not significantly affect their particle size 
or their surface charge. Therefore, it is concluded that nitazoxanide 
can be loaded successfully within lactoferrin nanoparticles without 
negatively affecting their efficacy to penetrate cell membranes or to 
form stable nanosuspension.

3.2.2. SEM analysis

As shown in Figure 3A and 3B, SEM images of both lactoferrin and 
nitazoxanide-loaded lactoferrin nanoparticles indicate that they 

have spherical shapes with an average particle size of 320–340 nm  
for lactoferrin nanoparticles and 335–370 nm for nitazoxanide- 
loaded lactoferrin nanoparticles, confirming the results of the 
 particle size analyzer.

3.2.3. FTIR analysis

Fourier transform infrared analysis was used for in-depth exam-
ination of the chemical composition of the pristine materi-
als as well as the as-fabricated composite. The FTIR spectrum  
(Figure 4A) clearly reveals the main distinctive bands to lactoferrin 
as the absorption bands at 1662, 1528, and 1093/cm are ascribed to 
amide I, amide II, and C–O–C, respectively [26,27]. It is well known 
that amide I is more easily distinguishable from the  secondary 
structure (a -helix, b -sheet, etc.), which is most likely  attributable to  
C=O stretching vibrations of the peptide bonds [28]. Moreover, the 

Figure 3 | SEM images of (A) lactoferrin and (B) nitazoxanide-loaded lactoferrin nanoparticles.

A B

Figure 4 | FTIR of (A) lactoferrin, (B) nitazoxanide, and (C) nitazoxanide-
loaded lactoferrin nanoparticles.

C

B

A



108 A. Barakat et al. / Dr. Sulaiman Al Habib Medical Journal 3(3) 104–112

FTIR spectrum of nitazoxanide (Figure 4B) shows the  characteristic 
peaks of the carbonyl group of amide and ester linkages at 1536 and 
1659/cm, respectively [29]. Furthermore, the two peaks at 1448 and 
3069/cm are attributed to nitro group and =CH, respectively [30]. 
The FTIR spectrum (Figure 4C) depicts the characteristic bands of 
lactoferrin and nitazoxanide, as well as the increase in peak intensity 
of carbonyl groups at 1536/cm, indicating the successful conjugation 
between lactoferrin and nitazoxanide [31].

3.3. Antiviral Activity

3.3.1.  Antiviral activity of the patented 
spirooxindole as a drug candidate

The antiviral activity of the spirooxindole scaffold showed 
interesting results against SARS-CoV-2 as well as Middle East 
Respiratory Syndrome (MERS)-CoV with IC50 = 0.03 and 0.001 mM,  
 respectively (Figure 5).

3.3.2.  Antiviral activity of lactoferrin, 
 nitazoxanide, and nitazoxanide- 
loaded lactoferrin nanoparticles

The antiviral activities of lactoferrin and the lactoferrin/nitazoxa-
nide composite were experimentally assessed using nontoxic con-
centrations (Figure 6A). Interestingly, the nitazoxanide improved 
the IC50 (IC50 = 2.273 for lactoferrin, IC50 = 1.438 for the lactoferrin/
nitazoxanide composite) and the Selectivity Index (SI) of lactofer-
rin (approximately SI = 25 for lactoferrin and SI = 32 for lactofer-
rin/nitazoxanide). This result indicates the synergistic effect of the 
composite components. This finding will open the gates for the use 
of lactoferrin drug in the future as a drug delivery system to target 
the lung and stop cytokine storm in COVID-19 patients.

3.4. Molecular Modeling Study

3.4.1.  Shape similarity and molecular 
 alignment

Rapid overlay chemical structure is a virtual screening technique 
used to detect resemblance between organic molecules based on 
their Three-Dimensional (3D) shapes [32].

High similarity in shape reflects high similarity in biological activ-
ity whereas high similarity in biological activity does not reflect 
the relationship between biological activity and the 3D shape struc-
tures. ROCS can be used in different applications such as virtual 
screening, lead hopping, molecular alignment, pose generation, 
and drug repurposing [33,34]. The tactic of this study is to recog-
nize the similarity of nitazoxanide to different drugs with known 
activity against SARS-COV-2 [35,36].

Rapid overlay chemical structure analysis includes two files, which 
must be in the most stable conformer generated by Omega algorism: 
(1) nitazoxanide as database and (2) query file, which refers to the 
selected drugs or standard ligands. With this study, we can figure 
out the most possible mechanism in targeting SARS-CoV-2 for 
nitazoxanide. The study processed matches between nitazoxanide 
and query drugs in an isolated run. This match is based on volume 
overlap of optimally aligned molecules, which are virtually inde-
pendent of the atom types and bonding patterns of the query. Two 
main outputs were produced from the ROCS study. The first one 
is shape similarity, which includes shape counter, shape atoms, and 
color atom labels. Figure 7A displays umifenovir with three rings, 
two acceptors, one donor, and hydrophobe. Nitazoxanide overlay 
with umifenovir is shown in Figure 7B, showing high similarity. 
Then we examined the color and shape of nitazoxanide. Figure 7C 
shows two rings, five acceptors, and one donor.

The second output is a set of scores expressed in Tanimoto scores. 
The most imperative score is the Tanimoto Combo (TC), which 
measures shape fit and color fit. This has a value between 0 and 2, 
and the score is used for ranking the hit list (Table 1).

In the ROCS analysis for nitazoxanide against different queries, 
Table 1 shows that nitazoxanide has TC scores to umifenovir, fin-
golimod, remdesiver, ketoamide, N3, and lopinavir. In this regard 
and in reference to the molecular mechanisms for these known 
queries (Figure 8), nitazoxanide is expected to have activity against 
spike glycoprotein to prevent virus entry or may have preventive 
activity toward inflammatory storm in COVID-19 patients. In this 
respect, we envisioned to combine this drug with lactoferrin.

3.4.2. Docking study

We used the docking approach to examine the binding mode 
of nitazoxanide with the different molecular pathways of 
 SARS-CoV-2 during its replication including main protease 
(Mpro), RNA  polymerase, and spike glycol proteins. Nitazoxanide 

Figure 5 | Antiviral activity of the spirooxindole. (A) Half-maximal cytotoxic concentration (CC50) of the tested compounds in Vero-E6 cells. (B) Half-
maximal inhibitory concentration (IC50) of the tested compound against NRC-03-nhCoV virus in Vero-E6 cells (testing against SARS-CoV-2). (C) IC50 
against MERS-CoV. IC50, half-maximal inhibitory concentration.

A B C
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Figure 6 | Antiviral testing against (SARS-CoV-2). (A) Half maximal cytotoxic concentration (CC50) of the tested compounds in Vero-E6 cells. (B) Half-
maximal inhibitory concentration (IC50) of the tested compounds against NRC-03-nhCoV virus in Vero-E6 cells. Data are presented as the average of 
the means. The CC50 and IC50 curves represent the nonlinear fit of “Normalize” of “Transform” of the obtained data. Their values were calculated using 
GraphPad Prism (version 5.01) as “best-fit value.” CC50, half-maximal cytotoxic concentration.

A

B

Figure 7 | (A) Umifenovir color volume and shape. (B) Nitazoxanide (grey color) overlay with umifenovir (green). (C) Nitazoxanide color volume and shape.

A B

C
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Table 1 | Tanimoto combo scores of different drugs recommended in 
COVID-19 disease

Drugs TC score Mode of action against SARS-CoV-2

a-Ketoamide 0.52 Cocrystalized ligand of SARS-CoV-2 
Mpro (PDB ID: 6Y2F)

N3 0.48 Cocrystalized ligand of SARS-CoV-2 
Mpro (PDB ID: 6LU7)

Remdesivir 0.54 Inhibiting the RNA-dependent RNA 
polymerase

Lopinavir 0.46 Inhibiting the main protease
Umifenovir (Arbidol) 0.78 Blocking virus–cell membrane fusion
Fingolimod 0.72 Preventing the inflammatory storm

 occupied the active site of Mpro (PDB ID: 6y2f) with formation of 
HB with Met:165A through the hydrogen of anilide moiety. The 
other pharmacophoric features of nitazoxanide interacted with-
out formation of HB (Figure 9A). Figure 9B displays the binding 

mode and pose of nitazoxanide with spike protein (PDB ID: 6vsb). 
Again, the hydrogen of NH participates in HB with the receptor 
amino acid, ASN: 422B. Nitazoxanide interaction with RNA poly-
merase receptor (PDB ID: 6m71) exhibited a different binding 
mode. The nitro functionality participates in HB with THR:76 A 
(Figure 9C).

4. CONCLUSION

In this study, we used the bioinformatics approach along with the 
antiviral activity of spirooxindole scaffold, lactoferrin, nitazox-
anide, and nitazoxanide loaded into lactoferrin nanoparti-
cles. The results showed improvement in the activity and SI of 
nitazoxanide/lactoferrin nanoparticles (IC50 = 1.438 mM; SI = 32)  
compared with lactoferrin (IC50 = 2.273 mM; SI = 25). With its 
high antiviral activity, spirooxindole could be considered as a 
lead compound for drug discovery and development to combat 

Figure 8 | Chemical structures. (A) Reported drugs prescribed in COVID-19 cases. (B) Ligands N3 and a -ketoamide for Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2) Mpro (PDB ID: 6LU7 and 6Y2F, respectively [37,38]) and ligand 1 for SARS-CoV-2 spike protein (PDB ID: 
6vsb) [39].

A

B
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MERS-CoV. Finally, we suggest using lactoferrin as a nanodrug 
delivery system for nitazoxanide as part of preclinical investiga-
tion to fight against COVID-19.
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