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Abstract. — OBJECTIVE: The aim of the study
was to show the effect that two naturally occur-
ring compounds, a cyclodextrin and hydroxyty-
rosol, can have on the entry of SARS-CoV-2 in-
to human cells.

MATERIALS AND METHODS: The PubMed
database was searched to retrieve studies pub-
lished from 2000 to 2020, satisfying the inclu-
sion criteria. The search keywords were: SARS-
CoV, SARS-CoV-2, coronavirus, lipid raft, endo-
cytosis, hydroxytyrosol, cyclodextrin. Modeling
of alpha-cyclodextrin and hydroxytyrosol were
done using UCSF Chimera 1.14.

RESULTS: The search results indicated that
cyclodextrins can reduce the efficiency of viral
endocytosis and that hydroxytyrosol has anti-
viral properties. Bioinformatic docking studies
showed that alpha-cyclodextrin and hydroxy-
tyrosol, alone or in combination, interact with
the viral spike protein and its host cell receptor
ACE2, thereby potentially influencing the endo-
cytosis process.

CONCLUSIONS: Hydroxytyrosol and alpha-cy-
clodextrin can be useful against the spread of
SARS-CoV-2.

Key Words:
Hydroxytyrosol, Cyclodextrin, SARS-CoV-2, Endocy-
tosis, Lipid raft.

Introduction

Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is the virus responsible
for the new coronavirus disease (COVID-19)
that has spread worldwide from Wuhan, China,
since December 2019. The current COVID-19
outbreak is characterized by human-to-human
transmission. The virus resides in the mucous
membranes and is transmitted through cough-
ing, sneezing, droplet inhalation and direct con-
tact of contaminated hands with mouth, nose
and eyes!. SARS-CoV-2 may persist for two
days on respiratory mucous membranes in ma-
caques before it spreads to the lower respiratory
tract’. This two-day period provides a window
for preventive and therapeutic approaches?®. The
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virus has an average incubation of 6.4 days and
a base reproduction number of 2.24-3.58°. Coro-
naviruses are enveloped viruses with a positive
single-stranded RNA genome. Three viral pro-
teins (M, E and S) are incorporated in the viral
membrane. Cell infection by enveloped viruses
proceeds via i) interaction of viral surface
proteins with cell surface receptors to attach
the virus to the cell surface and ii) membrane
fusion triggered by a conformational change in
a fusion protein®*. SARS-CoV-2 uses the spike
protein on its pericapsid to bind the host cell
receptor ACE2 in lipid rafts and enter the cell
by endocytosis’. SARS-CoV-2 has almost 80%
genomic sequence homology with SARS-CoV
(the coronavirus responsible for the SARS ep-
idemic of 2003-2004)%7. The aim of this study
was to show the potential effects of two natu-
rally occurring compounds, alpha-cyclodextrin
and hydroxytyrosol, on SARS-CoV-2 entry into
human cells.

Materials and Methods

Literature Scoping Review
The scoping review section followed PRISMA
guidelines for scoping reviews.

Eligibility Criteria

Since SARS-CoV-2 and SARS-CoV are very
similar, in order to understand the entry mech-
anism of SARS-CoV-2 and how it could be
exploited to find a treatment using natural com-
pounds, our search included original and review
articles focusing on the biological cycle of coro-
naviruses, especially SARS-CoV-2 and SARS-
CoV, and the effects of hydroxytyrosol and
alpha-cyclodextrin on their infectivity. The arti-
cles had to be written in English and published
in the period 2000-2020. Congress abstracts and
papers not written in English and studies not
relevant to the topic of the present manuscript
were excluded.

Literature Sarch

The PubMed database was searched to retrieve
articles published from 2000 to 2020 satisfying
the inclusion criteria. The search keywords were:
(((SARS-CoV) OR (SARS-CoV-2)) OR (coro-
navirus)) AND (lipid raft); ((SARS-CoV) OR
(SARS-CoV-2)) OR (coronavirus)) AND (endo-
cytosis); ((SARS-CoV) OR (SARS-CoV-2)) OR
(coronavirus)) AND (hydroxytyrosol); ((SARS-

CoV) OR (SARS-CoV-2)) OR (coronavirus))
AND (cyclodextrin). In addition, the reference
lists of the papers found were scanned manually
to find further relevant papers.

Study Selection

All the resulting articles were assessed inde-
pendently for eligibility by authors SP and MB,
who evaluated titles and abstracts according to
the above inclusion criteria. Any disagreement
was resolved by discussion. Papers mentioning
the entry mechanism of SARS-CoV-2 or SARS-
CoV and the role of hydroxytyrosol and alpha-cy-
clodextrin in the viral biological cycle were in-
cluded in the review. Once a paper was found
eligible, its references were screened to find new
papers.

Bioinformatics Study

Modeling of Alpha-Cyclodextrin and Hy-
droxytyrosol

Modeling of alpha-cyclodextrin and hydroxy-
tyrosol were done with the help of UCSF Chime-
ra 1.14 to determine and visualize the interactive
forces between them.

Molecular Docking and Visualization

Alpha-cyclodextrin, hydroxytyrosol and the
alpha-cyclodextrin + hydroxytyrosol complex
(henceforth “the complex”) were docked with the
spike protein (PDB ID: 6VXX) and ACE2 (PDB
ID: 6M0J) using AutodockVina-based YASARA
software®. To complete the molecular docking
study, prepared receptor and ligand files were
used to set target and play macros. Receptor was
prepared with the help of the Prepare protein
protocol of Discovery studio 4.5. Docking was
performed with the specific binding site, using
the active site prediction parameter of Discovery
studio. Macro file dockrun_mcr was used to cal-
culate the interaction energy between receptor
and selected ligands independently. Twenty-five
VINA docking runs of the ligand object 2 to
the receptor object 1 was done using YASARA.
Further docked complexes were saved in PDB file
format for 2D-3D interactive visualization study
with Discovery studio client. The resulting log
files were sorted on the basis of binding energy
[kcal/mol] and dissociation constant [pM]. A
compound with more positive binding energies
has stronger binding, and negative energies indi-
cate no binding®.



S. Paolacci, A.K. Kiani, P. Shree, D. Tripathi, Y.B. Tripathi, et al.

Results

Literature Review

Based on the search criteria, 199 papers pub-
lished in English from 2000 to 2020 were includ-
ed, 27 of which were duplicates. Of the remaining
172 articles, only 84 pertained to the topic of the
current review and were read completely. After
reading, 10 papers were included in the present
review. Another 38 papers were included after
reading the references of the 10 articles, as shown
in the flow diagram (Figure 1).

Mechanism of Viral Entry

We now describe the biological cycle of
SARS-CoV in relation to SARS-CoV-2. Since
SARS-CoV appeared earlier, more studies have
been performed on it, and therefore, more is
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Figure 1. Flow diagram of literature search.

known about it. In addition, given its high ge-
nomic similarity to SARS-CoV-2, SARS-CoV
life cycle may overlap with that of SARS-
CoV-2.

Entry of SARS-CoV into permissive cells is
mediated by binding of its spike protein to a
cell receptor. In most cases, ACE2 is the major
receptor contributing to entry of SARS-CoV.
ACE2 is expressed abundantly on the surface of
lung and intestinal epithelial cells. It also local-
izes predominately where lipid rafts are more
concentrated. In the specific case of epithelial
cells, lipid rafts are located in the apical region’.
The importance of lipid rafts was confirmed in
a study in Vero E6 cells that showed that lipid
rafts are involved in the entry of SARS-CoV”.
An infectivity assay also showed that integrity
of lipid rafts is required for productive infection
by pseudo-typed SARS-CoV'’. SARS-CoV can
enter host cells by endosomal or non-endosomal
pathways, depending on the presence of prote-
ases. In either case, only when the spike protein
is bound to its receptor and cleaved into S1 and
S2 by proteases, fusion between viral and cell
membranes takes place”!'. Consistently with the
fact that SARS-CoV and SARS-CoV-2 S pro-
teins both contain highly conserved amino acid
residues essential for ACE2 receptor binding'?,
the two viruses share the same entry mecha-
nism".

Lipid Rafts and Their Role in Viral Entry

The infectivity of coronaviruses depends on
the lipid composition of host cell membranes.
For example, infection by the Semliki Forest
virus requires both cholesterol and sphingolipids.
Retroviruses and filoviruses use cholesterol-rich
membrane microdomains as platforms for assem-
bly and/or cell entry**. These lipid microdomains
are called lipid rafts and serve as entry sites for
certain viruses.

Lipid rafts are rich in cholesterol and sphin-
golipids and concentrate membrane-associat-
ed proteins, including receptors and signaling
molecules’. In polarized cells, lipid rafts are
concentrated at the apical surface, whereas in
non-polarized cells they are dispersed over the
cell surface. There is evidence that lipid rafts are
involved in coronavirus entry. In the case of hu-
man coronavirus 229E, viral entry was inhibited
by depletion of cholesterol, disrupting viral asso-
ciation with the cell receptor, CD13°. Thorp and
Gallagher showed that lipid rafts were crucial for
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entry of mouse hepatitis virus'®. An early step in
the entry process of SARS-CoV into target cells
is initiated by engagement of the cell receptor,
angiotensin-converting enzyme 2 (ACE2), by the
spike glycoprotein. SARS-CoV receptor ACE2 is
found in lipid rafts of Vero E6 cells. Productive
entry of SARS-CoV into Vero E6 cells requires
intact lipid rafts". In the case of SARS-CoV, lipid
rafts provide a convenient platform to concentrate
receptor-ACE2 in clusters on the host cell mem-
brane, so as to dock it efficiently with the spike
protein on the viral envelope'®". This mechanism
is identical to that of SARS-CoV-2'8.

Cholesterol Supplementation
and Depletion

Cholesterol supplementation increases the cy-
topathic effects of murine hepatitis virus, an
enveloped coronavirus, in tissue culture, and
intensifies its pathogenicity in vivo. To investigate
this phenomenon, the researcher used growth me-
dia enriched with methyl cyclodextrin or choles-
terol to reduce or elevate cell membrane sterols,
respectively". These variable cholesterol levels
were directly correlated with spike protein-medi-
ated membrane fusion activity. Thus, cholesterol
is considered an essential membrane fusion co-
factor'®. Receptors for several cholesterol-depen-
dent viruses appear to reside largely in rafts". For
several other coronaviruses, infectious bronchitis
virus, human coronavirus 229E, SARS-CoV and
SARS-CoV-2, it has been shown>!*?° that choles-
terol depletion in the plasma membrane of target
cells reduces the efficiency of infection.

Manipulating the Cell Membrane

The outer membrane leaflet of mammalian
cells is composed primarily of sphingomyelin
and phosphatidylcholine. In contrast, the inner or
cytoplasmic leaflet consists mostly of aminophos-
pholipids*. Asymmetric arrangement of lipids
in the cell membrane affects various biologi-
cal properties, such as membrane permeability,
membrane potential, surface charge, the mechan-
ical stability of membranes and membrane shape.
The possibility of manipulating the lipid compo-
sition of living cell membranes could therefore be
useful in the prevention of cell membrane-medi-
ated pathological diseases?'.

Alpha-Cyclodextrin

Changing lipid composition by lipid exchang-
ers, like cyclodextrins, is an interesting mecha-
nism. Cyclodextrins are natural compounds that

may be produced by bacteria*’. They are sugar
rings, hydrophilic on the outside and lipophilic
on the inside, and are classified as a-cyclodex-
trins (six sugars), B-cyclodextrins (seven sugars)
and y-cyclodextrins (eight sugars). Alpha- and
B-cyclodextrins scavenge phospholipids from the
plasma membrane**. Alpha-cyclodextrins are
considered safe and have been approved as an
excipient/food for special medical purposes in
the EU*.

Some researchers have exploited cyclodextrins
to carry out efficient outer leaflet lipid exchange
in membrane vesicle models, replacing the entire
outer leaflet with exogenous lipids in-situ by
means of hydroxypropyl-a-cyclodextrin, without
disturbing the lipid composition of the inner leaf-
let?”®. Another study®** established a procedure
to efficiently exchange phospholipids and sphin-
golipids in the plasma membrane outer leaflet of
living mammalian cells with exogenous lipids, by
means of lipid-loaded methyl-a-cyclodextrin. Af-
ter this exchange, the membranes had an asym-
metric distribution of lipids®.

Alpha-cyclodextrins are also able to reduce
serum concentrations of phospholipids. Phospho-
lipids serve dual functions, as they activate endo-
cytosis and participate in the regulation of phos-
pholipid metabolism in cell membranes®. Serum
phospholipids are involved in variations in the en-
do/exocytosis pathway, as well as in variations in
phospholipid influx into the phosphoinositide sys-
tem, which controls endo/exocytosis. Reducing
serum phospholipids reduces the activity of the
phosphoinositide system. Since coronaviruses en-
ter host cells via endocytosis and a-cyclodextrin
scavenges serum phospholipids (substrate of the
phosphatidyl-inositol system that regulates endo-
cytosis), viral endocytosis may be impaired by
means of a-cyclodextrins?®-3!,

Hydroxytyrosol

Hydroxytyrosol is a small (molecular weight
153) natural phenolic compound found in olives
and their derivatives. It has strong antioxidant
activity*. Hydroxytyrosol can also have antiviral
activity. Certain research studies® suggest that
the mechanism of this effect might require the
presence of a viral envelope.

Hydroxytyrosol is able to inactivate influenza
A viruses, including HINI, H3N2, H5N1 and
HON2 subtypes. Hydroxytyrosol is considered
to be useful against viruses with type I trans-
membrane envelope glycoproteins and effectively
lowers the titer of these viruses in a dose-depen-
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dent manner. The viral envelope is presumably
involved in the hydroxytyrosol antiviral mecha-
nism. The influenza virus protein has a binding
site for hydroxytyrosol in the domain essential
for cell entry, which means that hydroxytyrosol
affects the influenza virus. The results obtained
in this study also suggest that the antiviral effect
of hydroxytyrosol on the HON2 virus can be at-
tributed to the direct effect of hydroxytyrosol on
the virus®. The morphology of the hydroxytyro-
sol-treated HIN2 virus has been analyzed under
the electron microscope. The results suggested
that the structure of the viral envelope could be
disrupted by hydroxytyrosol. Suppression of viral
mRNA synthesis and lack of viral nucleoprotein
observed in cells inoculated with hydroxytyro-
sol-treated HON2 virus may be the result of poor
viral binding, viral uncoating or problems with
other steps of viral infection®.

Hydroxytyrosol also interacts with the con-
served hydrophobic pocket on the surface of the
central trimeric coiled-coil of HIV-gp4l fusion
complex, the six helical bundle and the catalytic
core domain of the HIV-1 integrase active site*.
It shows dose-dependent inhibition of HIV-1 in-
tegrase. Hydroxytyrosol is not cytotoxic in the
effective dose ranges**. It acts against viral
entry and integration outside and inside the cell
environment. These studies suggest that hydroxy-
tyrosol may be useful against other viruses with
type I transmembrane envelope glycoprotein, in-
cluding SARS-CoV, respiratory syncytial virus,
Ebola virus, measles virus and avian flu virus**3.

SARS-CoV-2 also recognizes another receptor,
the cell-surface heat shock protein AS (HSPAYS).
On infection with the virus, HSPAS is upregulat-
ed and translocates to the cell membrane where it
binds the spike protein. /n silico studies show that
hydroxytyrosol is able to bind HSPAS5 and possi-
bly inhibits entry of SARS-CoV-2 into the cell*".

Studies***° of unilamellar membranes have re-
vealed that hydroxytyrosol remains at the lipid
membrane surface, almost parallel to the bilay-
er’®. Its incorporation into the membrane may
cause a concavity in the membrane surface®**.

Furthermore, the ability of hydroxytyrosol to
decrease serum lipids and cholesterol is consid-
ered to be significant in the lowering of plasma
membrane cholesterol and could lead to changes
in plasma membrane structure and composition.
This, in turn, is thought to affect entry of envel-
oped viruses through the plasma membrane®.
Further studies are required to confirm these
observations.

Molecular Docking Studies

Modeling of Alpha-Cyclodextrin and
Hydroxytyrosol

To complete our study, we used UCSF Chi-
mera 1.14 to view the interaction between al-
pha-cyclodextrin and hydroxytyrosol. We found
that hydroxytyrosol interacts with only one side
of alpha-cyclodextrin (Figure 2). The complex
was created by overlapping the two molecules by
means of the software.

Molecular Docking and Visualization

The YASARA Z-score of a molecular dock-
ing study revealed that alpha-cyclodextrin, hy-
droxytyrosol and the complex showed significant
binding affinity with the spike protein and ACE2
receptor (Table I). The high binding energy and
dissociation constant showed that the docked
complex is stable®. The binding energy suggested
that alpha-cyclodextrin binds more strongly with
both targets than hydroxytyrosol.

Molecular Docking and Visualization
Study of Alpha-Cyclodextrin with
Spike Protein

YASARA scoring indicated that molecular
docking of alpha-cyclodextrin with the spike pro-
tein (PDB ID: 6VXX) had a significant binding af-
finity of 6.40 kcal/mol. Alpha-cyclodextrin showed
different 3D-2D interactions with the spike pro-
tein. It formed conventional and carbon-hydrogen

Figure 2. Modelling of alpha-cyclodextrin and hydroxyty-
rosol (hydroxytyrosol in blue).
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Table I. Binding energy of a-cyclodextrin and hydroxytyrosol for Spike protein and ACE2 receptor.

Target molecules

(PDB ID: 6VXX)

ACE2
(PDB ID: 6MO0J)

Spike protein

Compounds

Binding energy (kcal/mol)

a-cyclodextrin
Hydroxytyrosol
Complex X (a-cyclodextrin + hydroxytyrosol)

6.40 791
6.41 6.10
6.37 7.88

bonding with residues Thr286, Asp287, Lys278,
Gly219 and Thr602. The other residues showed
Van der Waals interactions (Figure 3).

Interactions

[ ven der wasls
B conventional Hydrogen Bond
] carbon Hydrogen Bond

I unfavorable Donor-Donor
[l unfavorable Acceptor-Acceptor

Figure 3. A, 3D interaction of alpha-cyclodextrin with
spike protein (PDB ID: 6VXX); B, 2D interaction of alpha-
cyclodextrin with spike protein (PDB ID: 6VXX).

Molecular Docking and
Visualization Study of Hydroxytyrosol
with Spike Protein

The molecular docking study of hydroxyty-
rosol with the spike protein (PDB ID: 6VXX)
showed a significant binding affinity of 6.41 kcal/
mol. Hydroxytyrosol showed different 3D-2D in-
teractions with the spike protein. It formed con-
ventional hydrogen bonding with Ala 1056 and
Thr 778, an m-alkyl interaction with Ile 870 and
the remaining residues showed Van der Waals
interactions (Figure 4).

Molecular Docking and
Visualization Study of
Alpha-Cyclodextrin with ACE2

The molecular docking study of alpha-cy-
clodextrin with ACE2 (PDB ID: 6M0J) showed
a significant binding affinity of 7.91 kcal/mol.
Alpha-cyclodextrin showed various 3D-2D in-
teractions with the spike protein. It formed
conventional and carbon-hydrogen bonding
with Asn 394, Asp 206, Leu 73, Asn 77, Lys
74, Asn 103 and Asp 509. The remaining
residues formed Van der Waals interactions
(Figure 5a, b).

Molecular Docking and Visualization
Study of Hydroxytyrosol with ACE2

The molecular docking study of hydroxytyro-
sol with ACE2 (PDB ID: 6M0J) showed a signif-
icant binding affinity of 6.10 kcal/mol. Hydroxy-
tyrosol showed different 3D-2D interactions with
the spike protein. It formed conventional and car-
bon-hydrogen bonding with Ile 291 and Thr 434,
an m-alkyl interaction with residue Pro 415, n-nt
stacking with residue Phe438, and the remain-
ing residues showed Van der Waals interactions
(Figure 6).
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Figure 4. A, 3D interaction of hydroxytyrosol with spike
protein (PDB ID: 6VXX); B, 2D interaction of hydroxyty-
rosol with spike protein (PDB ID: 6VXX).

Molecular Docking and
Visualization Study of the Complex
(Alpha-Cyclodextrin + Hydroxytyrosol)
with the Spike Protein

A molecular docking study of the complex
(alpha-cyclodextrin + hydroxytyrosol) with the
spike protein (PDB ID: 6VXX) showed that its
binding energy (6.37 kcal/mol) was very close to
those of alpha-cyclodextrin and hydroxytyrosol.
It showed a binding energy of 6.37 kcal/mol. It
showed different 2D-3D interactions with the
receptor protein: conventional and carbon-hydro-
gen bonding with Lys 535, Leu 533, Asn 532 and
Gln 580, and Van der Waals interactions with the
other residues (Figure 7).

Molecular Docking and Visualization
Study of the Complex (Alpha-Cyclodextrin+
Hydroxytyrosol) with ACE2

Analysis of the docking position of hy-
droxytyrosol to a-cyclodextrin demonstrated

a potential interaction between the two com-
pounds*-*. The molecular docking study of the
complex (alpha-cyclodextrin + hydroxytyrosol)
with ACE2 (PDB ID: 6M0J) showed a signifi-
cantly higher binding energy of 7.88 kcal/mol
than those of the individual compounds. It also
showed various 2D-3D interactions with the
receptor protein: conventional and carbon-hy-
drogen bonds with residues Ser 44, Ser 47, Ala
348, Asp 350, Glu 402, His 345 and Asn51 and
Van der Waals interactions with the remaining
residues (Figure 8).

In conclusion, molecular docking studies of
alpha-cyclodextrin to the viral protein (spike
protein) and the host-receptor protein (ACE2)

Interactions
[ van der waals
[ conventional Hydrogen Bond

[] carbon Hydrogen Bond

Figure 5. A, 3D interaction of alpha-cyclodextrin with
ACE2 (PDB ID: 6M0J); B, 2D interaction of alpha-cyclo-
dextrin with ACE2 (PDB ID: 6MO0J).
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Figure 6. A, 3D interaction of hydroxytyrosol with ACE2
(PDB ID: 6M0J); B, 2D interaction of hydroxytyrosol with
ACE2 (PDB ID: 6MO0J).

showed significantly higher binding affinities
than those of hydroxytyrosol to the same pro-
teins. The binding energies of alpha-cyclodextrin
and hydroxytyrosol to ACE2 were 7.91 kcal/mol
and 6.10 kcal/mol, respectively. The correspond-
ing binding energies to the spike protein were
6.40 kcal/mol and 6.41 kcal/mol, respectively.
In conclusion, both compounds could inhibit the
two targets by virtue of their significant binding
affinities, alpha-cyclodextrin being the better in-
hibitor for both target proteins.

Other Possible Interactions

Other possible allosteric sites which could have
disruptive effects could be considered but would
require further characterization to be conclusive.
Such sites are the heptad repeat 1 and 2 domains
of the spike protein. Hydroxytyrosol and al-
pha-cyclodextrin could both dock to the S2 region
of S protein, using the heptad repeat 1/2 domains
as potential binding sites. Hydroxytyrosol and al-

pha-cyclodextrin both bind to the S2 region with
docking scores of -6.2826 kcal/mol and -6.0023
kecal/mol, respectively. They could therefore dock
to the S2 region of S protein, inhibiting it from
achieving its active post-fusion conformation,
which is required for viral reproduction to begin.
However, extensive validation will be required to
confirm the binding activity of hydroxytyrosol
and alpha-cyclodextrin to proteins responsible for
entry of SARS-CoV-2 into host cells.
Interestingly, a short docking run showed that
sphingosine was incorporated into alpha-cyclo-
dextrin, but its docking score was not high, al-

A
Interactions A:
[ ven der vieals
I conventional Hydrogen Bond

[ cerbon Hydrogen Bond
I unfavorable Donor-Donor

Figure 7. A, 3D interaction of the complex (alpha-cy-
clodextrin + hydroxytyrosol) with the spike protein (PDB
ID: 6VXX); B, 2D interaction diagram of the complex (al-
pha-cyclodextrin + hydroxytyrosol) with the spike protein
(PDB ID: 6VXX).
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Figure 8. A, 3D interaction of the complex (alpha-cyclo-
dextrin + hydroxytyrosol) with ACE2 (PDB ID: 6M0J); B,
2D interaction of the complex (alpha-cyclodextrin + hy-
droxytyrosol) with ACE2 (PDB ID: 6MO0J).

though this could be due to its elongated chain.
Alpha-cyclodextrin does indeed interact with
sphingolipids, but the thermodynamic stability
of the resulting complex is higher with two mole-
cules of a-cyclodextrin?!#4-46,

Discussion

On the basis of this literature review, we de-
veloped a complex containing alpha-cyclodextrin
and hydroxytyrosol with the purpose of inhibit-
ing entry of SARS-CoV-2 into human cells. Our
bioinformatic studies suggest that hydroxytyrosol
and alpha-cyclodextrin bind simultaneously to
the viral spike protein and the host receptor-pro-
tein, ACE2. These findings may support the ear-
lier claims of the authors, based on their clinical
results using a spray containing these two natural
compounds. The compounds form physical bonds
with each other, and the resulting complex is able
to bind both proteins.

In previous studies, the mixture containing
alpha-cyclodextrin and hydroxytyrosol was first
tested for side effects: after using the spray for
a week, none of the volunteers showed any side
effects. The spray was then tested on a small co-
hort of six patients whose Real Time PCR swab
test was positive for SARS-CoV-2. The two who
were given the spray turned negative in five days,
while the other four patients turned negative after
ten days. In this way, we obtained preliminary
confirmation of the safety of the complex and its
efficacy against infection by SARS-CoV-2448,

Conclusions

A search of the literature produced two prom-
ising naturally occurring compounds that could
be useful to inhibit or prevent SARS-CoV-2 in-
fection. The compounds were hydroxytyrosol
and alpha-cyclodextrin. Alpha-cyclodextrin may
interact with the plasma membrane and modifies
its composition by scavenging sphingolipids. Hy-
droxytyrosol may interact with the viral and the
cell membrane and may induce morphological
changes in the viral envelope. Hydroxytyrosol is
captured in the hydrophobic cavity of alpha-cy-
clodextrin. The resulting complex has a number
of potential activities according to the literature
and as confirmed by our in-silico studies.
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