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Background: Currently, novel coronavirus disease (Covid-19) outbreak creates global panic across the continents,
as people from almost all countries and territories have been affected by this highly contagious viral disease. The
scenario is deteriorating due to lack of proper & specific target-oriented pharmacologically safe prophylactic
agents or drugs, and or any effective vaccine. drug development is urgently required to back in the normalcy in
the community and to combat this pandemic.

Purpose: Thus, we have proposed two novel drug targets, Furin and TMPRSS2, as Covid-19 treatment strategy.
We have highlighted this target-oriented novel drug delivery strategy, based on their pathophysiological
implication on SARS-CoV-2 infection, as evident from earlier SARS-CoV-1, MERS, and influenza virus infection
via host cell entry, priming, fusion, and endocytosis.

Study design & Methods: An earlier study suggested that Furin and TMPRSS2 knockout mice had reduced level of
viral load and a lower degree of organ damage such as the lung. The present study thus highlights the promise of
some selected novel and potential anti-viral Phytopharmaceutical that bind to Furin and TMPRSS2 as target.
Result: Few of them had shown promising anti-viral response in both preclinical and clinical study with
acceptable therapeutic safety-index.

Conclusion: Hence, this strategy may limit life-threatening Covid-19 infection and its mortality rate through nano-
suspension based intra-nasal or oral nebulizer spray, to treat mild to moderate SARS-COV-2 infection when Furin
and TMPRSS2 receptor may initiate to express and activate for processing the virus to cause cellular infection by
replication within the host cell and blocking of host-viral interaction.

Introduction

The global data on severity and mortality of the coronavirus disease
2019 (Covid-19) pandemic shows that the people of all countries and
territories have been struggling due to lack of a specific vaccine or
effective prophylactic and or drug. A commercial vaccine (live
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attenuated, heat-killed, RNA or subunit) for the susceptible population
usually takes time. While, to date, most of the anti-viral protease in-
hibitors (Ritonavir, Lopinavir, Remdesivir, Hydroxychloroquine, etc.)
used in Covid-19 is on trial and error basis. Most cases, patients are
failed to recover due to nonspecific drug binding, and adverse reaction
because of patient’s co-morbid conditions, including organ
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Table 1
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Phytopharmaceuticals derived from the traditional herbs that targets entry receptor of the host cells to block the interaction and attachment of some pathogenic
viruses, to be useful in COVID-19.

Name of Phytochemical

Chemical nature

Biological source

Target receptor of Host-
cell

Mode of action

Target virus or cells

Emodin (Ho et al., 2007)

Luteolin (Peng et al., 2017;
Ojha et al., 2015)

Nicotianamine (Takahashi
et al., 2015)

Andrographalide (Basak et al.,
1999)

5,2’-dihydroxy-3',4'-
dimethoxy flavone-7-O-
p-D-glucopyrano side (De et
al., 2015)

Polyphenolics (Zhu et al.,
2013)

Bromhexine (Maggio and
Corsini, 2020)

Baicalein, Chrysin, Oro-xylin-
A and its glycosides (Lalou
et al., 2013)

Celastrol (Shao et al., 2013)

Plant Lectin (Keyaerts et al.,
2007)

Ursolic acid (Chiang et al.,
2005; Bag, 2012)

Acetyl-11-keto-boswellic acid
(Von et al., 2016; Goswami
et al., 2018)

Cepharanthine (Keyaerts
et al., 2007)

Sylimarin (Dai et al., 2013;

Song et al., 2011)

Sylibinin (Farooqi et al. 2010)

Epigallocatechin 3-gallate (
Kim et al., 2013)

Quercetin, hypericin, rutin,
isoquercetin (Ling et al.,
2020)

6-methyl-1,3,8-
trihydroxyanthraquinone

Flavonoid

Metal-chelating molecule
like nicotainamine

Diterpene

Flavonoid glucoside

2,4-dibromoaniline

Flavonoids and their
glycosides

Pentacyclic triterpene of
quinone methides.

Glycoprotein

Pentacyclic triterpenoid

Pentacyclic terpenoid

Bisbenzyliso-quinoline

Flavonoids

Flavonoids

Polyphenolic catechin

Flavonoids

Rheum palmatum L,
Reynoutria japonica

Reseda luteola, Salvia
tomentosa, Aiphane
saculeata, Pedilanthus
tithymaloides
Nicotiana tabacum L.
and Glycine max
(Soyabean)
Andrographalis
paniculata

Phrynium
placentarium

Various tea, fruits,
grapes and
traditional medicinal
plants

Justicia adhatoda

Oroxylum indicum

Tripterygium wilfordii,
Celastrus regelii

Allium sativum,
Lycoris radiata
Ocimum sanctum,
Malotus peltatus

Boswellia serrata

Stephania cephalantha
or other species
Milk thistle (Silybum

marianum)

Milk thistle (Silybum
marianum)

Camelia sinensis
(Green tea)

Houttuynia cordata

ACE2 receptor

Furin

ACE2

Furin proprotein
convertage
Furin

Host cell Furin

TMPRSS2

Furin Proprotein
Convertase

Prostate cancer

Host cell ACE2

CD4 receptor

Specific host cell
receptor for virus entry,

Specific host cell
receptor in connection
to virus entry, not yet
recruited

Specific host cell
receptor in connection
to virus entry, not yet
recruited.

InhibitTMPRSS2
expression in prostate
cancer

Specific host cell
receptor of virus entry,
not yet recruited;
Block Influenza virus
fusion with host cell
membrane and
replication

3Cl Mpro and RNA
dependent RNA
polymerase inhibitor of
SARS CoV-1

Block the interaction and binding
of CoV S-protein with ACE2
receptor .

Prevent replication of DENV and
HSV.

Block SARS CoV spike protein
mediated cell fusion.

Blocking of HIV replication

Furin inhibition mediated
blocking of virus attachment in
host cell

Furin like proprotein convertase
inhibitor

TMPRSS2 inhibition in Prostate
cancer & Influenza virus

Furin inhibitor (Proprotein
Convertase)

TMPRSS2 inhibition followed by
blocking of Androgen receptor

ACE2 binding of SARS-CoV-1 to
inhibit virus entry into host cells.
Inhibit Protease, gp120-CD4
binding & entry; HSV replication;
immunomodulatory against virus
Able to block CHIKV entry to
inhibit Chikungunya,Vesicular
stomatitis virus (VSV), and HSV
infections

Protease inhibitor,
Antiinflammatory, antiviral,
immunomodulatory, anti-cancer.

Inhibit Viral RNA synthesis and
Influenza virus replication

TMPRSS2 expression inhibition
following the androgen receptor
blocking

Inhibit the TMPRSS2 expression
in prostate cancer, and block
influenza virus attachment in host
cell

Inhibit influenza virus entry and
replication, and anti-SARS-COV-1
(Lau et al, 2008)

SARS-CoV-1

Furin proprotein
convertase of
Dengue virus

Corona
Virus 1

HIV

HIV, Influenza, and
Dengue virus
infection

Inhibition of
prostate cancer.
*can be projected
for COVID
prevention
Inhibition of
prostate cancer &
influenza. *can be
projected for
prevention of
COVID

Inhibit tumor cell
proliferation
Inhibition of
prostate cancer.
*can be projected
for COVID
prevention
SARS-CoV-1

HIV, Coxa- kivirus
B1, Enterovirus 71
(EV71)

CHIKV, VSV may
block interaction
and attachment of
SARS-COV-2 with
host cell membrane.
Cancer. Might be
used for novel
Corona virus

Anti-Influenza and
Anti-CHKV (Lani et
al, 2015); and
anti-Mayaro Virus
activity (Camini et
al, 2018)

Prostate cancer
*May be targeted for
TMPRSS2 activation
blocking during
corona virus entry
and infection.

May be targeted for
TMPRSS2 activation
during novel Corona
virus entry and
infection

Influenza & SARS
CoV
*May be potential

(continued on next page)
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Name of Phytochemical Chemical nature Biological source

Target receptor of Host-
cell

Mode of action

Target virus or cells

Glycyrrhizic Acid & its Triterpenoid saponin Glycyrrhiza glabra
Derivatives
Caffeic acid & Caffeic acid Hydroxy cinnamic acid. Eucalyptus globulus,

phenethyl ester(Weng et al.,
2019)

Resveratrol and its semi
synthetic derivatives (Li et
al., 2006)

Dipsacus asperoides

Include the skin of
Grapes, Blueberries,
Raspberries,
Mulberries, and
Peanuts

Paeonia lactiflora,
Salvinia molesta

Stilbenoid, a type of natural
phenol, and a phytoalexin

Paeoniflorin (Gan et al.,, 2014)  Terpene glycoside

Tetrahydrocannabinol, Cannabis indica

Cannabidiol (Reiss, 2010)

Phytocannabinoid

Berberine (Botwina et al.,
2020; Hung et al., 2019)

Benzyl-isoquinoline
alkaloid

Berberis vulgaris

Taxifolin (Min et al., 2002) Dihydroquercetin Milk Thistle, Juglans

mandshurica
Sinigrin and Hesperidin (Lin Glucosinolate & Flavonoid
et al., 2005)

Sinigra alba, Brussels
sprouts, Citrus fruit

Allitridin (Kiesel and Stan,
2017)

Diallyl trisulfide
organosulfur compound

Allium sativum

Host cell surface
receptor not identified

Host cell surface
receptor not identified

Host cell surface
receptor not identified

Host cell surface
receptor not identified

Host cell surface
receptor not identified

Inhibit viral replication
and block entry of virus
in host cell

Anti-human
Immunodeficiency
Virus-Type 1 Activity
Anti- SARS Corona virus

Chemopreventive
activity against breast
cancer

Inhibit DENV proliferation (
Baltina et al., 2019) and
anti-SARS-CoV (Hoever et al.,
2005) activity; and prevent
infection by blocking viral
replication

Block viral entry in host cell
to prevent infection

Inhibition of SARS Coronavirus
Replication

Anti-inflammatory by suppressing
inflammatory cytokines,triggered
by the ROS generated by viral
particle .

Block HSV entry and replication

Blocking of hepatitis C virus entry
in host cell and hampers Influenza
virus replication

Blocking HIV infection and killing
of virus by diminishing the viral
invasion

3CLMpro inhibitor

Furin convertase inhibitor

for SARS-COV-2
infection blocking
Dengue and SARS
CoV

*Might be focused to
inhibit SARS-COV-2

Human CoV NL63
*Might be focused to
inhibit SARS COV-2
SARS Coronavirus
*Might be focused
and applied to
inhibit SARS-COV-2

*Might be focused
and potentially used
to inhibit SARS-
COV-2

HSV *Might be
focused and applied
potentially to inhibit
SARS- COV-2
*Hepatitis C virus
Might be focused
and applied to
inhibit SARS-COV-2
HIV *Might be
focused to inhibit
COV-2

SARS Corona virus
*Might be focused
and applied to
inhibitCOV-2

Breast cancer *Might
be focused and
potentially used to

inhibit SARS-CoV-2

NA, Not available

malfunctioning (Cameron and Castro, 2001; Zumla et al., 2016; Lenkens
et al., 2020; Carter et al., 2020; Zhao et al., 2018). So, drug target
identification, followed by specific drug delivery for rapid healing and
protection against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) are urgent issues.

The SARS-CoV-2, the causative agent of COVID-19, is an enveloped,
non-segmented positive-sense single-stranded (ss) RNA virus that con-
tains four structural proteins: Spike (S), Envelope (E), Membrane (M),
and Nucleocapsid or N (De-Wit et al., 2016; Drosten et al., 2003). It is
reported that the Spike glycoprotein of CoV-2 harbors a Furin cleavage
site, at the boundary between its two subunits, S1/S2, which is activated
by the host cell enzyme Furin proprotein convertase to make the virus
more susceptible to its primary receptor, angiotensin-converting
enzyme-2 or ACE2 (Walls et al., 2020). Furin also helps the virion to
bind with ACE2 efficiently, via the receptor-binding domain (RBD) S1 of
S-protein, to transmit the virus as stable form and invade the host cell
rapidly for further pathogenicity (Coutard et al., 2020; Walls et al.,
2020). The RBD of S-protein after cleavage mediate processing, followed
by activation, and is responsible for binding with ACE2; while the
interaction of S-protein with host ACE2 receptor helps the virus to
invade the host cell (Li et al., 2005). The binding affinity of S-protein of
SARS-CoV-2 with ACE2 is about ten times higher than other Corona
viruses including SARS-CoV-1(Lau and Peiris, 2005; Ge et al., 2013),
indicated that CoV-2 infection depends on the expression of host cell
ACE2 receptor. Furthermore, Transmembrane protease serine 2
(TMPRSS2) fuse and activate the S-protein-ACE2 complex into the host
cell endosome, via proteolytic digestion of the S2 domain of S-protein’s
through membrane fusion (Hoffmann et al., 2020). This cascade helps to

promote the pathogenicity and life-cycle, for which ACE2 and TMPRSS2
can be served as a viable target for nCoV-2 therapy. It has been found
that Furin and TMPRSS2 could play a significant role for efficient
attachment of cleaved S-protein with host cell ACE2 receptor via acti-
vation, priming, and fusion, followed by endosomal internalization and
then to establish pathogenicity through replication, growth, and cell to
cell spread of the infecting virus to different organ’s. The proteolytic
activity of such transmembrane serine protease, prior to cleavage,
activation and fusion have been exploited by the S-protein of the virus
towards stronger infection (Hoffmann et al., 2020). Our current under-
standing will focus on the promise of suitable ligand on those drug
targets, via intra-nasal or oral nano-suspension spray-based drug de-
livery, to tackle this pandemic panic.

The platform of hypertension, ACE2 receptor and Covid-19

Earlier studies indicated that the pre-treated hypertensive patients,
particularly with Angiotensin receptor-1 (AR1) blocker (Losartan or
Telmisartan), may recover and help to protect from Covid-19 infection
with reduced recovery time and mortality (Rothlin et al., 2020; Magrone
et al., 2020; Tomasoni et al., 2020), because those AR1 blockers could
attenuate the angiotensin-2 mediated vasoconstriction, inflammation,
cell damage, lung injury and lung fibrosis. Moreover, these drugs can
counterbalance the ACE/Ang-II/AT1R axis upregulation, mediated by
the renin-angiotensin-aldosterone system (RAAS), a signalling disorder
in the hypertensive patient. Furthermore, those agents may upregulate
the ACE2/Angl-7/MasR homeostatic axis for better recovery from hy-
pertension, which is being suppressed during Covid-19 infection as the
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Table 2
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Phytopharmaceuticals, derived from the traditional spices, that target host cell entry receptorto block the interaction and attachment of some pathogenic viruses, to be

useful in COVID-19.

Compounds from Spice Source Plant Antiviral activity Disease References

Coriandrin Coriandrum sativum L Inhibit viral growth and HIV Towers, 1989
replication

Carnosolic acid and carnosol Rosmarinus officinalis Inhibits HIV protease HIV Paris et al., 1994

L.
Syzygium aromaticum
(L) Merr. & Perry

Eugenin/Eugenol Inhibits DNA polymerase

activity

Inhibit virus
growth (Nonspecific)

Ajoene, Allicin, Allium sativa L.
Allylmethyltio-sulfinate,

Methyl allyltio-sulfinate

Coumarins Cinnamomum spp. Inhibit virusg
Growth (Nonspecific)
Gingerols Zingiber officinale Inhibit virus
Rosc. growth (Not specific)
Curcumin Curcuma longa L. Interfere viral replication;

suppress cellular signalling
pathways

Takeshi & Tanaka, 1981; Minami et al., 2003;
Nolkemper et al., 2006; Reichling et al., 2009;
Gilling et al., 2011; Reichling et al., 2009
Weber et al., 1992

HSV-1 & HSV-2 Hepatitis C

HSV, Parainfluenza 3, Vaccinia,
Vesicular Stomatitis, Rhino-
virus type 2

Influenza, HIV, Enterovirus 71,
Coxsackie virus

A16, Dengue and Chikungunya
virus

Human Respiratory syncytial
virus

(RSV)

Different viruses

Wang et al., 2012;

Riveiro et al., 2010;

Li et al., 2017;

Hassan et al. 2016

Chang et al., 2013; Rathinavel et al., 2020

Mathew and Hsu, 2018; Mounce et al., 2017

viral S-protein bind with ACE2 for entry to the host cell. It has been
reported that ATR1 receptor antagonist could reduce the virus-driven
lung injury, edema, inflammation and acute lung pneumonia (San-
chis-Gomar et al., 2020; Mousavizadeh and Ghasemi, 2020). Moreover,
anti-inflammatory and anti-fibrotic agent Losartan (Aziz et al,
2018Arjmand et al., 2020; Aziz et al., 2018; Dionisio et al., 2020), an
angiotensin receptor blocker, has been reported as an anti-inflammatory
and anti-fibrotic agent (Arjmand et al., 2019Dionisio et al., 2020 could
ameliorating the post-infective cytokine storm and organ damage. Thus,
it can be hypothesized that the ARBs (Angiotensin-II receptor blockers)
treatment for Covid-19 patient may lead to early recovery.

ACE2 is known to be present in the cell membrane surface of human
esophagus, lungs, heart, intestine, kidney, prostrate, and brain (San-
chis-Gomar et al., 2020). Functionally it facilitate SARS-CoV-2 invasion
to host cells, and thus, ACE2 antagonist could be a promising treatment
option in Covid-19 patients (Kuba et al., 2006). It will be interesting to
explore those receptor blockers that could be the novel drug target for
effective and safe therapeutic option to fight SARS-CoV-2 infection
(Hoffmann et al., 2020; Shin and Seong, 2017; Zhang et al., 2020; Gur-
witz, 2020). We thought that this approach can successfully prevent the
host-virus attachment and pharmacodynamic interactions to stop
further infection. This cascade may also prevent the entry of this deadly
virus into the host cell via endocytosis, and its subsequent replication,
thereby stop further division, assembly and life-cycle. This therapeutic
strategy could be the game-changer as a prophylactic treatment, and to
attenuate the mortality as well as to cope-up with SARS-CoV-2 infection,
as reporetd earlier (Ho et al., 2007).

The ACE2 receptor is located in most of the major organs of human
body, including esophagus and lung. The COVID-19 virus enters the
human body through the nostrils and mouth to the target goblet and
ciliated cells. Thus, there is an ample scope for the virion to attach with
the main gateway ACE2 receptor in esophageal cells. If the immune
system unable to fight back, the virus goes down the windpipe and infect
lungs cells and enter the pneumocytes of the alveoli to release viral-RNA
in cell cytoplasm for replication. The higher binding affinity of the
Covid-19 virus to the ACE2 active site, compared to SARS-CoV-1, may
result in greater endocytosis and translocation of the virus-enzyme
complex into the endosomes (Wang et al. 2008; Millet and Whittaker,
2018 ; Li et al., 2020). It will be a novel approach to handle Covid-19, if
any stable Phyto-molecule can be identified from the age-old traditional
herbs and spices (Table 1), like Emodin (Ho et al., 2007), that could
block the interaction between S-protein of Coronavirus and ACE2 re-
ceptor of the human host.

However, the approach of blocking ACE2 receptor-mediated virus
entry may be contraindicated for hypertensive patients, who are
suffering from malfunctioning of kidney and associated RAAS disorder
mediated hypertension. Angiotensin-2 receptor blocker (AT1, Losartan,
telmisartan) reduces the blood pressure in hypertensive patients with
kidney disorders, via competitive inhibition of angiotensin-2 signalling
molecule that binds with the AT1 receptor. If the angiotensin 2 binds
with AT1 receptor in the absence of ARBs, it could lead to vasocon-
striction, followed by hypertension and cardiac hypertrophy as a
consequence of the release of aldosterone hormone, leading to the se-
vere lung injury (SLI) and acute lung respiratory disorders (ALRD).
These could be a fatal manifestation for Covid-19 patients’ having co-
morbidity of hypertension. On the other hand, excess angiotensin 2
converts into angiotensin- (1-7) by the ACE2 receptor, located in the
lung, kidney, and esophagus cell surface. This angiotensin-(1-7) elicits
hypotensive effect via vasodilation of artery and blood vessels by
releasing Nitric Oxide.

Meanwhile, if SARS-CoV-2 invades hypertensive hosts target cell via
ACE2 receptor; then ACE2-induced homeostatic mechanism and normal
physiological activity would be suppressed, with disruption of the pro-
duction of vasodilator, angiotensin-(1-7) molecule. Therefore, the entry
of CoV-2 in hypertensive hosts may fail to protect them from lung-
fibrosis and cardiac hypertension. Thus, host-virus interaction via
ACE2 receptor attachment, followed by virion-induced free radical
generation and inflammasome, may generate pro-inflammatory cyto-
kine storm affecting other organs. Patients susceptible to cardiac arrest
and organ failure could lead to a fatal outcome, even death, due to this
type of abnormal cell signalling.

Moreover, ACE2 has a significant role in protecting major organ
failure due to hypertension and angiotensin-2 mediated lung disorders
(Kuba et al., 2006). Studies in mice showed that the interaction of CoV
spike protein with ACE2 receptor persuades a decline in ACE2 level in
cells through internalization and degradation of the protein that may
contribute to lung damage (Imai et al., 2008; Jia, 2006; Zhang and
Zheng-Li, 2013). Thus, ARBs therapy could reduce the chances of
pneumonia, and lung damage along with the control of hypertension,
pulmonary oxygen saturation, and cardiac risk in the Covid-19 patient
(Saavedra, 2020). AT1 receptor antagonist treatment bind the Angio-
tensin 2 with the AT2 receptor to prevent lung injury or damage
following the hypotensive effect. A recent study illustrated that
Covid-19 patients pre-treated with ARBs have significantly reduced
mortality and does not require hospitalization or intensive care (Rothlin
et al., 2020; Magrone et al., 2020; Tomasoni et al., 2020). The primary
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Fig. 1. Infection pathway of cellular infectivity of SARS-COV-2 via Host cell protease surface receptor and subsequent drug targeting through phytopharmaceuticals
mediated nasal or oral nebuliser for blocking of host-virus interaction during early endocytosis during therapeutic intervention.

function of ACE2 is to counterbalance the ACE function to reduce blood
pressure and inflammation. Binding of Coronavirus S-protein with ACE2
receptor and its translocation may lead to complete loss of its hypo-
tensive, anti-inflammatory and antioxidant property. So, S-protein
binding with ACE2 receptor may augment the serious side effects, such
as lung injury, fibrosis, hypertension and acute inflammation due to
upregulated production of Angiotensin II in co-morbid cases. Hence, it
can be postulated that ACE2 receptor blocker mediated drug therapy
may not be fruitful as a prophylactic or therapeutic agent for the hy-
pertensive patient suffering from renal dysfunction to fight Covid-19. As
the down-regulation of the ACE2 receptor may trigger serious side ef-
fects like lung and other organ damage, owing to angiotensin-2 medi-
ated hypertension and pneumonia, as observed during COVID-19
infection. Nevertheless, for healthy normal people ACE2 receptor
blocker could successfully counter the cellular entry of SARS-CoV-2.

Host cell receptors and their role on Covid-19 virus entry process

It is interesting to note that after the binding of nCoV spike protein
with host cells ACE2 receptor, the adjacent TMPRSS-2 receptor helps to
allow the virion to enter into the intracellular endosome, by priming of
S-2 domain of S protein (Heurich et al., 2014). Therefore, inhibition of
TMPRSS2 by appropriate and specific phytochemicals, derived from
traditional ethnomedicines including Ayurveda (Vellingiri et al., 2020)
and Unani (Nikhat and Fazil, 2020) could be the potential therapeutic
intervention for the management of Covid-19. Expression of this cell
surface receptor helps to augment the chance of infection by facilitating
the endocytosis of SARS-CoV-2 and ACE2 complex into the host cell
endosome (Matsuyama et al., 2014). Moreover, the hypertensive patient
may be more benefitted with the TMPRSS2 inhibitor to fight against
SARS-CoV-2 infection, and its pathogenesis (Shen et al., 2017), influenza
and other coronavirus infections, due to more or less similar patho-
physiological symptoms. So far, many TMPRSS2 inhibitors of plant or-
igins are reported, and some of the most promising candidates are
depicted in Table 1 as possible prevention or remedy against this hor-
rible respiratory virus. Additionally, some of those compounds (spices
derived phyto-compounds) having identified mechanism of action
against SARS and RNA virus has been presented in Table 2. Prophylactic
therapy with the dual blocker of ACE2 and TMPRSS2 receptor to healthy
people, without cardiac and kidney disorders, may provide excellent

result by blocking the virus attachment to the host cell and translocation
of the virion into the intracellular endosome. Due to strong and efficient
binding ability of S-protein with ACE2 receptor, particularly in lung
cells, leads to lung damage with hyperactive cytokine storm mediated
acute inflammation to another organ (Kuba et al., 2020). Thus, the
combinatorial therapy of anti-inflammatory agent along with TMPRSS2
receptor antagonist may hold good promise for both therapeutic and
prophylactic treatment to cope up with this deadly virus. Those mole-
cules as a combination may be delivered in situ by nano-aerosol sus-
pension inhaler via oral or intra-nasal route rapidly in target-oriented
manner at the TMPRSS2 receptor-binding site of esophagus and lung
thereby block the endosome internalization of the virus-ACE2 complex.
This kind of therapy can be improved by the addition of competitive
ACE2 receptor binding antagonist of viral S-glycoprotein.

However, virtual simulation analysis revealed that this highly con-
tagious coronavirus may also invades the human body using three more
cell surface receptors, including (i) Glucose Regulated Protein 78 or
GRP78 (Ibrahim et al., 2020), (ii) CD26 (cluster of differentiation 26) or
dipeptidyl peptidase 4 (DPP4), a key immunomodulatory player for cell
hijacking and virulence (Lu et al., 2013; Vankadari and Wilce, 2020),
and (iii) Basigin (BSG) or extracellular matrix metalloproteinase inducer
(EMMPRIN) or CD147 (Wang et al., 2020). The binding of the
SARS-CoV-2 spike protein with those three-cell surface receptor(s) has
been illustrated, based on computational in-silico analysis. Hence, this
type of attachment needs to be validated by physical laboratory exper-
imentation with the causative virus, SARS CoV-2, responsible for
Covid-19.

Finally, if the CD26, CD147, GRP78 receptor binding of SARS-CoV-2
is excluded due to deficiency of proper experimental validation, we may
focus predominantly on the three cell surface receptors such as Furin,
ACE2 and TMPRSS?2 for potential therapeutic target (Shen et al., 2017)
to seal the intracellular entry of the virus, as depicted in Fig. 1. How-
ever, if we discard the ACE2 receptor blocking approach due to un-
avoidable limitation related to kidney disorder and diabetes, then dual
inhibition of TMPRSS2 and Furin protein using safe phytochemicals
like Bromhexine, an inhibitor of TMPRSS2 (Maggio and Corsini, 2020),
could be the lucrative treatment strategy for the management and pre-
vention of Covid-19. Similarly, researchers may short out several phy-
tochemicals against host cell Furin protease for effective and safe
anti-COVID-19 drug development, like Phyto-flavonoid luteolin, an
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Practical use, in-vitro and in-vivo degree of antiviral activity, therapeutic & selectivity index, toxicity and clinical study profile of few selected marker phytocompounds

derived from herbs.

Compounds (PubChem ID) & structure

1Cs0/ECs (in vitro
degree of antiviral
activity) [CCso: at
which dose of the test
compound kills 50%
normal host cell
SI=CCs0/ECso

In-vivo degree of antiviral
activity in animal model

Toxicity

Clinical Trial/Stage of
development

References

Emodin (3220)

Luteolin
(5280445)

Nicotionamine
(9882882)

Andrographolide
5318517

200 pM against SARS-
CoV-1 by inhibiting
interaction of Spike
protein and Vero E6 cell
ECs( against Human
Influenza A is 4.25pg/
ml, inhibit viral
replication at CCsq of
182.95 ug/ml against
MDCK cells.

ECs is 10.6 pM against
wild-type SARS-CoV
with selectivity index of
14.62

1Cso was found to be 84
nM for Nicotionamine
to inhibit recombinant
ACE2 activity of host
cell.

ECso was 22 uM against
Dengue virus.

ECs against HON2,
H5N1, HIN1 influenza
viral strain was 94.3,
121.7, 110.0 pM with
CCsp 3085 uM in MDCK
cells.

Emodin significantly
increase the survival rate
and promote recovery of
HSV-infected mice;
equivalent to acyclovir in
vivo at 6.7 and 11.3 g/kg/
day for 7 days.

100 mg/kg for 3 days of
post DENV-2 (clinical
isolates) infection in
mice; reduce viremia 2-
fold, compared to
untreated control.

Out of 10, nine infected
mice were survived and
recovered from HIN1
influenza virus infection
500 mg/kg.

Emodin is apparently non-
toxic at low therapeutic
dose in Preclinical Rat
model due to extensive
glucuronidation, however
high doses may cause renal
or hepatic toxicity.

Quite safe in preclinical
animal study with LDsq of
456 mg/kg. Used safely
with high SI without any
substantial toxicity (Yi

et al., 2004)

Quite safe and non-toxic to
normal mammalian cells at
therapeutic dose without
any apparent adverse
effect.

Does not produce AMES
toxicity, Maximum
tolerated dose for human is
0.128 log mg/kg/day. Does
not inhibit hERG-I and
hERG-IL

(LDsg 2.162 mol/kg).
Chronic oral rat toxicity
(LOAEL) was found to be 1
log mg/kg body weight/
day. Does not produce
hepatotoxicity or cause skin
sensitivity.

LDso >4000 mg /kg in mice
without any apparent
toxicity.

Observational study

conducted on human
breast cancer without
any confirmed result.

Luteolin enrich

Pomegranate juice have

been shown good
efficacy to ameliorate

the C-reactive protein in
inflammatory disorders

at randomized

Ho et al., 2007

Dai et al., 2017;
Dong et al., 2016;
https://clinicaltria
Is.gov/ct2/show
/record/NC
T01287468

Xiong et al., 2011

Yi et al., 2004;
Peng et al., 2017;
Sahebkar et al.,
2016
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04404218

controlled trial without

any serious adverse
effect luteolin enrich
Acai Palm Berry extrac
in Phase 2 for

t

Intervention in COVID-

19 Patients.

A Double-Blind-
Randomized, Placebo-
controlled Adaptive

Design Phase 2 Trial in

Mild Cognitive
Impairment due to

Takahashi et al.,
2015; https://c
linicaltrials.gov/c
t2/show/NC
T03061474

Alzheimer’s disease are
conducted successfully.

In China it is used
clinically to treat pain,

fever and inflammation

in viral infection.
Phase 1 study in HIV
patients and healthy
volunteer showed no
toxicity on normal
population.

Phase 4 clinical trial
was conducted for
Acute Exacerbation of
Chronic Bronchitis and
Acute Tonsillitis.

Sukanth et al.,
2020; Panraksa

et al., 2017; Chen
et al., 2009; Chen
et al., 2010;
Calabrese et al.,
2000; Enmozhi

et al., 2020
https://clinicaltr
ials.gov/ct2/sh
ow/NCT03134443
https://clinicaltr
ials.gov/ct2/sh
ow/NCT03132610
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degree of antiviral
activity) [CCso: at
which dose of the test
compound kills 50%
normal host cell
SI=CCs0/ECso

In-vivo degree of antiviral
activity in animal model

Toxicity

Clinical Trial/Stage of
development

References

Polyphenolic compounds:
Ellagic acid
(5281855)

(+)-Catechin (9064)

Bromhexine
(2442)

Baicalein
(5281605)

Dose-dependent
inhibitory activity
against MERS/SARS-
CoV proteases with ICso
of 30.2 to 233.3 pM.

ICs0 0.75pM
against TMPRSS2
receptor expression

ECsp of Baicalein was
2.94 pM in SARS-CoV-2
clinical isolates on Vero
E6 cells with CCs9>200
pM

Ellagic acid, and
Myricetin like
polyphenols have
potentials at 1.0 mg/kg
as anti-influenza agents
in vivo.

Induce expectorant
activity significantly at
12 mg/kg for 3 days
treatment in RAT model

It significantly decrease
viral load and mortality
in HSV infection at 200
mg/kg; AlsO attenuates
acute lung injury
triggered by influenza A
infection at 100 mg/kg in
mouse model.

No pronounced toxicity was
shown in animal model at
1.0 mg/kg

Induce liver toxicity when
given chloroquine/HCQ
with liver damage in
COVID-19. Exploratory
results of the study support
our proposal that
bromhexine hydrochloride
may have a good effect on
the treatment of COVID-19.

Single oral dose of
100-2800 mg of Baicalein
were safe and well tolerated
by healthy subjects (clinical
trials registration number
CTR20132944)

Catechin rich
polyphenolic extract of
Green tea recruited in
Randomized human
clinical trial for
prevention of influenza
infection through
gargling and dietary
consumption in young
and adults successfully
completed.

A clinical trial
(registration number
NCT04273763), carried
out by WEPON
Pharmaceutical Co.
Ltd., is the first human-
based preliminary
exploratory
randomized-controlled
clinical study on
treating COVID-19 with
bromhexine
hydrochloride tablets
(BHT).

Baicalein has been
registered for safety and
efficacy evaluation in
randomized, double-
blind, placebo-
controlled trial for
influenza infection in
Phase 2

Clinical trial.

Park et al., 2017;
Park et al., 2013

; https://clinicaltr
ials.gov/ct2/sh
ow/NCT01225770
https://clinicaltr
ials.gov/ct2/sh
ow/NCT01008020

Roberto et al.,
2020.

Markus et al.,
2020; Depfenhart
et al., 2020
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04273763

Su et al., 2020; Zhi
et al.,2020;

Luo et al., 2020
https://clinicaltr
ials.gov/ct2/sh
ow/NCT03830684
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degree of antiviral
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which dose of the test
compound kills 50%
normal host cell
SI=CCs0/ECso

In-vivo degree of antiviral
activity in animal model

Toxicity

Clinical Trial/Stage of
development

References

Plant Lectins
2GTY (PDB ID)

Ursolic acid
(64945)

acetyl-11-keto-boswellic acid

(11168203)

1Csp against
nSARS-CoV 3CLpro is
10.3 pM.

Celastrol inhibit
replication of DENV-2
viral strain with ICso of
0.12 + 0.11 pM.

Griffithsin, a potential
Lectin

inhibited infectivity of
MERS-CoV infection by
more than 90% in cell
Culture assay.

ICs against Influenza
virus type 1, and HIV
was > 200

pg/ml and 0.3

uM respectively.
Further, Ursolic

acid inhibit HSV-1land
HSV-2 at ECsg of 5.5
and 5.8 pg/ml at SI of 20
and 18.97 (Bag et al.,
2012).

ICs against clinical
isolates of Herpes
simplex virus-1 was
12.1 pg/ml

It significantly attenuates
the auto-immune
disorder related
inflammation in Trex1-
deficient Wild type
C57BL/6 mice at 1.0 mg/
kg Celastrol given for 3
days without apparent
toxicity Another study
showed that Celastrol at
0.1 mg/kg defended 80%
of the mice against life-
threatening DENV-2
infection.

It demonstrates
remarkable activity with
satisfactory survival rate
against SARS-CoV-
infected mice at 5 mg/kg
intra nasal route followed
by two daily doses at 2.5
mg/kg.

HB84T, a banana lectin
confers more than 80%
protection against broad
spectrum influenza A
viral infection at 0.1 mg/
kg

N.D.

Higher doses of Celastrol,
beyond therapeutic dose,
shows infertility, QT
prolongation, and
hepatotoxicity

Griffithsin, glycoprotein-
based lectin shows high
therapeutic index without
any considerable side
effect.

Banana lectin does not

show any toxicity at normal

mammalian cells at anti-
viral doses

Parasite infected mice
treated with Ursolic acid
did not exhibit any
alterations in biochemical
parameters, support that

this triterpene is non-toxic

for animals. Considering

the low or absent of toxicity

of triterpenes for mice, as
well as high Trypanocidal
activity.

It is nontoxic at
experimental therapeutic
dose

No clinical trial
reported so far.

A Randomized, Double-
Blind Phase- 1 Safety
and Pharmaco-kinetic
Study of Q-Griffithsin
Enema administered to
prevent

HIV-1 entry on Sero-
negative adults was
reported

N.D.

It has been recruited for
complementary therapy
as along with
Glycyrrhiza glabra
extract for prevention
of Covid-19.

Ryu et al, 2010b;
Liu et al., 2020;
Hou et al., 2020;
Yu et al., 2017

Millet et al., 2016,
O’Keefe et al.,
2010;
Covés-Datson

et al., 2020;
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04032717

Kashyap et al.,
2016
Bag et al., 2012

Goswami et al.,
2018
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04487964
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development
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Cepharanth ne |
(10206),

Epigallocatechin 3-gallate (EGCG)
(65064)

L
Pt .
o o ‘ [
| o
Quercetin
(5280343)
flo 0
P
PN
o o
oW

Rutin (5280805)

ICsp was 9.5 pg/ml
against some Corona
virus strains.

Silymarin showed anti-
viral activity against
influenza virus A/PR/
8/34 with 98%
protection at 100 pg/ml
with ICsg of 11.12 pg/
ml.

Attenuate the binding
activity of SARS-CoV
Nucleocapsid protein
with QDs-conjugated
RNA oligonucleotide on
immobilized protein
chip at concentrations
>0.005pg/ml, ICsq:
0.05ug/ml for activity
against SARS.

ICsp against
SARS-CoV-1 3CLPro
and

PLpro was
52.7+4.1 pM

and 8.6+3.2 uM,
respectively.

ICs of Rutin was >25
pM

against Feline
Coronavirus
replication.

It reduces tumor growth

and volume by inhibiting
STAT3 expression at 20-

mg/kg/day for 20 days in
xenograft mice model of

Sa0S2 osteo-sarcoma.

Silybin, active
constituent of Silymarin,
revealed significant
reduction of HCV load
within 16 days of
treatment at 20 mg/kg by
reducing baseline mean
value of viral load in
Phase 3 clinical trials
without any untoward
effect.

Reduced the core
hepatitis B viral antigen
expression and
replication at 25 mg/kg/
day for 5 days i.p.
treatment.

Quercetin significantly
reduced viral load of
Rhinovirus infection
(95.84%) at 0.2 mg/
mouse for 4-day
treatment without
showing any toxicity.

It reduces the
chemotherapy induced
renal toxicity. While
Endotoxin induced lethal
toxicity can be bypassed by
this compound. It is quite
safe at its anti-tumor in-vivo
doses.

It is completely safe and did
not show any apparent
toxicity at its anti-viral
dose.

Oral acute LDso was 2170
mg/kg in Rat.

High therapeutic dose (100
mg/kg/day) did not
produce any adverse side
effects, without changing
body weight, genotoxicity,
behavior or mortality of
treated animals.

Quercetin has no adverse
effect at therapeutic dose
and did not show any
carcinogenicity or
genotoxicity

N.D.

A randomized placebo-
controlled trial in Phase
3 is carrying out to
assess the clinical
outcome in COVID-19
Pneumonia by
silymarin due to its
ability to inhibit p38
MAPK pathway and its
antiviral, anti-
inflammatory and anti-
oxidant potential.
Safety, toxicity, dosing,
and antiviral effects of
EGCG at 200 mg in
capsule form (orally
twice daily at three
different doses) in HIV-
1-infected Patient was
carried out successfully
through Randomized
interventional Clinical
Trial.

Quercetin applied in Q-
Trial in HCV (Q)
patients, result not yet
published.

Zhang et al., 2005;
Bailly, 2019

Liu et al., 2019;
Rendina et al.,
2014; Song and
Choi, 2011
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04394208

Roh, 2012; Wang
et al, 2020;
Ferreira et al,
2012; Isbrucker et
al, 2006;
https://clinicaltr
ials.gov/ct2/sh
ow/NCT01433289

Park et al., 2017;
McDonagh et al.,
2014; Ganesan

et al., 2012;
Harwood et al.,
2007
https://clinicaltr
ials.gov/ct2/sh
ow/NCT01438320
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—C

o =
Glycyrrhizic acid L
(14982) | 2

o

RESVERATROL (RE) (445154)

Cannabidiol (644019)

<

Tetrahydrocannabinol (THC)

(2978)

At ECs of 365 puM it
inhibit SARS-CoV
replication in Vero cells
with Selectivity Index of
> 65

(CCsp >24000

uM)

RE inhibit nucleocapsid
protein translation of
MERS-CoV without any
toxicity on Vero E6 cells
at ICsg of 250 pM.

ECs against Hepatitis C
virus was 3.163+0.133
uM with selectivity
index of 4.954 in
normal mammalian
cell.

Showed remarkable
protection by

70% survival

against 20 LDs of
influenza A2 at 10 mg/kg
per day before infection
and 1- and 4-days post
infection.

RE significantly reduces
levels of Rota virus
antigens in the colon,
jejunum, and ileum,
compared to untreated
mice at 4-10-day post
infection with increasing
rate of survival and
decreasing diarrhea
scores. It may lead to
weight gain at 20 mg/kg
orally.

TMEV-infected mice
treated for 7 consecutive
days with CBD (5 mg/kg)
reduced the brain
leucocyte infiltration and
other inflammatory
cytokine and chemokine
expression; thereby
increase the survival rate
of the virus infected
mice.

Both in HIV and in post-
Ebola syndrome
Cannabidiol has been
recommended as
therapeutic agent to
control immune
activation at doses of
10-20 mg/kg/day and
1.7-10 mg/kg/day.

THC reduced the sign of
ARDS in SEB induced
severe acute respiratory
syndrome mice at 20 and
10 mg /kg i.p. dose and

10

GL has no apparent adverse
reaction or toxicity at lower
doses; and have no
genotoxicity.

Orally administered RE at
200 mg/kg/day in Rats and
600 mg/kg/day in Dogs for
90 days, did not show any
side effect.

But high dose of RE acts as
pro-oxidant, thyroid
disruptor and a goitrogen.
In a phase II clinical trial on
patients with refractory
multiple myeloma, a daily
dose of 5.0 g of RE showed
nausea, diarrhea, fatigue,
and renal toxicity.

CBD shows developmental
toxicity, embryo-fetal
mortality, central nervous
system inhibition and
neurotoxicity,
hepatocellular injuries,
sperm reduction, organ
weight alterations, male
reproductive system
alterations, and
hypotension, at doses
higher than recommended
for human.

Intravenous LDso of CBD on
Rhesus monkey is 212 mg/
kg

Oral LDsq of THC in mice is
482 mg/kg and in Rat oral
LDs is 666 mg/kg.

THC is not genotoxic,
carcinogenic or causes

Dietary Supplement:
Licorice extract
containing
Glycyrrhizic acid has
been used for
complementary
intervention of COVID-
19 in interventional
Clinical Trial.

SARS-CoV-2 Viral Load
and COVID-19 Disease
Severity be Reduced by
Resveratrol-assisted
Zinc therapy at Phase 2
trial, proposed but not
yet recruited.

Dietary supplement of
RE at 500 mg tablet for
30 days on Double-
blind Cross-over
Randomized Controlled
Trial reduce the
systemic inflammatory
state & oxidants-
antioxidants imbalance
of tobacco users in
Phase 3 study.

syndrome,

cannabidiol has been
proposed as a
therapeutic agent to
control immune
activation at doses of
10-20 mg kg~ ! day—1
and 1.7-10 mg kg ™!
day~! (100 mg
daytitrating up to 600
mg day ), respectively
Cannabis is used as
medicine for Prevention
and Treatment of
COVID-19, has been
recruited for Non-
randomized clinical
trial in Phase 2 with
200000 participants.

Double-Blind,
Randomized, study
with

oral Dronabinol Versus
Placebo

Hoever et. al,
2005;

Utsunomiya et. al,
1997;

Ming et al., 2013
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04487964

Lin et al., 2017;
Huang et al., 2020;
Shaito et al., 2020;
https://clinicaltr
ials.gov/ct2/sh
ow/NC
T04542993;
https://clinicaltr
ials.gov/ct2/sh
ow/NCT01492114

Lowe et. Al., 2017;
Costiniuk et. al,
2020;

Esposito et al.,
2020;

Mecha et al., 2013;
Huestis et al.,2019
https://clinicaltr
ials.gov/ct2/sh
ow/NCT03944447

Mohammed et al.,
2020;

Chilakapati and
Farris, 2014;
https://clinicaltr
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Compounds (PubChem ID) & structure ICs0/ECsy (in vitro In-vivo degree of antiviral ~ Toxicity Clinical Trial/Stage of References
degree of antiviral activity in animal model development
activity) [CCso: at suppressed the
which dose of the test inflammatory cytokine
compound kills 50% storm.
normal host cell
SI=CCs0/ECso
remarkable was conducted in the ials.gov/ct2/sh

Berberine (2353)

Sinigrin (23682211)

o
O
(=)

Hesperetin (72281)

Allitridin
(16315)

ICs( against mouse
hepatitis virus was
2.04+0.5 pM with S.I. of
34.9.

ICs against influenza A
H1N1 strain was: 0.44
M

ICs against cell-free
(3CLpro.) and cell-
based cleavage activity
of SARS-CoV was 121
and 217 pM with CCsg
>10,000 pM.

ICs0 against cell-free
(3CLpro.) and cell-
based cleavage activity
of SARS-CoV was 60
and 8.3 pM with CCsq
-2718 pM.

Inhibition of HCMV
replication via
suppression of viral IE
gene transcription with
ICs0 of 20 pg/ml and
selectivity index of 16.7
on human HEL cell.

It drastically reduced the
viral load of HIN1
influenza infection in
mice lungs at 7 days post
infection treatment at 20
mg/kg.

N.D.

Every two days at 5 mg/
kg dose given to mice
with cancer for 30 days,
showed significant
reduction of tumor
without toxicity.

Reduced MCMV DNA
load and hepatic leision
in Murine
cytomegalovirus model
at 0.14 and 0.42 mM/kg/
day for 18 and 14 days.

11

immunosuppression during
acute inflammation and not

shown any apparent side
effect or acute adverse

reaction at therapeutic dose

in mice.

Non-toxic and safe at
therapeutic dose.

Fetotoxicity, Non-
carcinogenic and non-
mutagenic at safe doses.
Oral LDs is 644 mg/kg in
Rat.

Does not induce any

apparent toxicity within the

therapeutic dose and no

damage to human cell lines

GES-1.

Intravenous use of Allitridin
is safe and relatively free of

negative side-effects.
LDsp in mice following
intravenous injection was
110.9 mg/kg

treatment

or prevention of
Highly Active
Antiretroviral Therapy
(HAART)-related
nausea and vomiting in
phase 2.

Effect of Berberine on
Intestinal function and
Inflammatory
mediators in severe
COVID-19 Patients was
carried out, based on
prospective randomized
controlled clinical trial
in Phase 4.

N.D. on viral disease

An Open-Label study to
evaluate the effect of
Elimune (2 capsules BID
for 28 days; Hesperetin
containing Biomarkers
in Patients with Plaque
Psoriasis.

N.D.

ow/NCT00642499

Mani et al., 2020;
Cecil et al., 2011;
Yan et al., 2018;
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04479202

Lin et al., 2005; htt
ps://www.chem
src.com/en/c
as/3952-98-5_67
3009.html

Lin et al., 2005;
He et al., 2020
https://clinicaltr
ials.gov/ct2/sh
ow/NCT02251678

Zhen et al. 2006;
Liu et al. 2004;
Shen et al., 1996;
Li et al., 2011
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Compounds (PubChem ID) & structure

1Cs0/ECs (in vitro
degree of antiviral
activity) [CCso: at
which dose of the test
compound kills 50%
normal host cell
SI=CCs0/ECso

In-vivo degree of antiviral
activity in animal model

Toxicity

Clinical Trial/Stage of
development

References

Alvocidib (Flavopiridol) [5287969]

Ginsenoside Rg3(9918693)

Lycorine (72378)

Vitexin (5280441)

Chlorogenic acid
(1794427)

ICsp against Influenza A
H7N9, pdm HIN1 and
H3N2 Replication: 0.24,
0.59 and 0.70pM
respectively, with
selectivity index of
>425, 170, and 142.
ECs( against HIV
replication: 8-15 nM.
1Csp of 20(S)-Rg3
against MHV-68 viral
replication: 10.82
+1.56 pM

ECsp 15.7 nM
and CCsg value 14980.0
nM

against SARS-CoV

ECs0 0.8 pM and CCsq of
25.1 pM against DENV.

1Csp against
Parainfluenza type 3
virus was: 20.8pg/ml
with CCso 333.3 pg/ml
ICsp against Rota virus
was: 129 pM

ICsp against SARS-CoV-
2 3CLpro was
39.48 + 5.51 M

Flavopiridol (2.5 mg/kg
every 12 h) for 20 days
suppressed HIV-1
transcription in mouse
kidney in HIV transgenic
mouse model.

At 1.0 mg/mouse 55%
improvement against
infection of
hemagglutinating virus
of Japan (HVJ) at 11 days
post-infection.

Protect the ZIKV infected
AG6 mice mortality rate
by 83%, 66 and 33%
following the reduction
of viral load and its
replication at 10, 5.0 and
1.0 mg/kg body wt
respectively.

Vitexin at 2 mg/kg i.v.
successfully exert 55%
protection against the
middle cerebral
apoptosis and ischemic
stroke via suppressing
proinflammatory
cytokines (TNF-a and IL-
6) and stimulating anti-
inflammatory cytokine
(IL-10) in Rat model.

Intravenous injection of
100 mg/kg/day exerted
promising antiviral effect

12

Flavopiridol treatment to
both animals and humans at
doses within the
therapeutic range in vivo
displays no apparent
toxicity.

The no-observed-adverse-
effect of Rg3 for dogs were
considered to be 7.20 mg/
kg/day in 26 days
intramuscular injection
after recovery from
tumerosis. Body weight,
food intake,
ophthalmoscopy,
electrocardio-gram,
urinalysis, hematology,
serum biochemistry, gross
and histopathology findings
were normal.

A potential candidate for
cancer therapy and other
viral infection with low
toxicity. It also posses anti-
oxidant, anti-toxic, and
hepato-protective effect
with safe therapeutic
window.

LDsp via i.p. in mice was
112.24+0.024 mg/kg.

LDsg. 344 mg/kg via gastric
lavage injection in mice

It completely devoid of any
adverse reaction and
toxicity within the
therapeutic window in
animal model due to its cell
protecting and anti-oxidant
activity.

LDs in Rat (i.p.) at 3000
mg/kg.
It did not produce any

In cancer this molecule
has been tested
successfully in phase 3
for various type of
lymphoma, leukemia;
but in HIV infection it is
not yet recruited.

A Randomized, Double-
blind, Placebo-
controlled, Parallel-
group Clinical study
was done to evaluate
the efficacy and safety
of Ginsenoside, using
Rg3 Capsule in
Prevention of
Postoperative
recurrence of
Hepatocellular
Carcinoma.

N.D.

Not yet recruited in
viral diseases or
associated disorders

Dietary supplement of
Acai Berry extract
containing Chlorogenic

Perwitasari et al.,
2015;

Nelson et al.,
2003;

Sadaie et al., 2004

Kang et al., 2018;
Liu et al., 2011
https://clinicaltr
ials.gov/ct2/sh
ow/NCT01717066

Li et al., 2005; Cao
etal., 2013

Wang et al., 2014;
Chen et al., 2020;

Gandhi et al.,
2016; Li et al.,
2002;

Jiang et al., 2018

Su et al., 2020;
Ding et al., 2017;
Chaube et al.,
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Compounds (PubChem ID) & structure

1Cs0/ECs (in vitro
degree of antiviral
activity) [CCso: at
which dose of the test
compound kills 50%
normal host cell
SI=CCs0/ECso

In-vivo degree of antiviral
activity in animal model

Toxicity

Clinical Trial/Stage of
development

References

\
OO W
Y o
P !
Mangiferin (5281647)
4] o o ?
o PN
PSP
o ~ o o

Punicalagin (44584733)

Wogonin
(5281703)
o o
L L
o8
[
o

Neferine (159654)

o-T

ECsp against oseltamivir
sensitive and resistant
strain of influenza virus:
39.42 & 58.34 M
respectively with CCso
against MDCK cells
364.30 uM

1Csp against HIV was:
3.59 pg/ml and CCsg in
MT-2 cells: 125 pg/ml
ECs against HIV-
1KMO018 isolate and
HIV-1A17 resistant
strain: 35.40 & 22.75
uM respectively.

ICsp against
neuraminidase activity
for influenza virus
infection in host cell
0.82 pM

ICsp against EV71
infection of RD cells was
15 pg/ml and CCso 300
pg/ml.

ICsp against DENV-2,
RSV and MV was:
7.86-+0.40; 0.54+0.04;
and 25.49+2.94 (M)
along with CCs of:
151.44 + 9.31; 264.83
+ 23.72; 283.76 +
11.54 uM,
Respectively.

Nearly 73% inhibition
of influenza A virus
replication at 10 pg/ml
with CCsp using sheep
erythrocyte.

Docking study
suggested strong
binding with Mpro
catalytic side of SARS-
COV-2.

The ECs against HIV
replication < 0.8 pg/ml
with S.I. >8.6.

in mice, conferring 60%
and 50% protection from
death against HIN1 and
H3N2 infection, reduce
virus titers and
effectively attenuate
inflammation in the
lungs, inhibiting
neuraminidase.

Both IgG1 and IgG2b
levels were significantly
augmented for Thl
humoral immunity
modulation by the oral
treatment of Mangiferin
at 100 mg/kg for 28 days.

A dosage of 5 mg/kg
protected the EV71-
infected mice from
mortality by 38%
without any clinical
symptoms after 2 weeks.

Dosage of 40 mg/kg
significantly reduced
liver fibrosis in mice,
induced by CCL4. Effect
was equivalent to
standard.

The increase of MPO
activity and fibrosis in
lung tissue mediated by
Bleomycin were
significantly attenuated
by n

Neferine (20 mg/kg, b.i.
d) on 7th and 14th days
by reducing

13

unwanted toxicity up to
4000 mg/kg in Rat. Neither
Teratogenic, nor CNS toxic.

Safe and does not display
any toxic effect in
experimental mice at
therapeutic dose.

It did not show any toxicity
and adverse drug reaction
in therapeutic dose (180
mg/kg/day for 90 days)
both in clinical and
preclinical animal
experiment.

High therapeutic index and
other data suggest that the
compound is quite safe and
nontoxic in high
therapeutic doses and
protect the all organ and
tissue damage at
therapeutic dose

Safe, nontoxic to liver and
kidney at therapeutic dose

acid (3 capsules of 520
mg for 30 days) was
given in Phase 2 for
alleviating

1976;
https://clinicaltr
ials.gov/ct2/sh
ow/NCT04404218

inflammation of Covid-

19 patients.

Not yet recruited in
viral diseases or
associated disorders.

In Phase 3 study
Pomegranate products

were tested for 16-week

administering 2 oz.
package daily for
prevention of Common
Cold, Flu or Influenza-
Like Symptoms: A

Guha et al., 1996;
Wang et al., 2011;
Li et al., 2007;

Garcia et al., 2003

Yang et al., 2012;
Lin et al., 2013;
Patel et al., 2008;
https://clinicaltr
ials.gov/ct2/sh
ow/NCT00617318

Double- Blind, Placebo-
Controlled Randomized

Clinical Trial, showed
impressive results

Not yet recruited in
viral diseases or
associated disorders

Not yet recruited in
viral diseases or
associated disorders

Zhi et al., 2019;
Huang et al.,2020;
Du et al., 2019

Kashiwada et al.,
2005;
Zhao et al., 2010
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Compounds (PubChem ID) & structure 1Cs50/ECsq (in vitro In-vivo degree of antiviral Toxicity Clinical Trial/Stage of References
degree of antiviral activity in animal model development
activity) [CCso: at inflammatory cytokines
which dose of the test and NF-kp expression.
compound kills 50%
normal host cell
SI=CCs0/ECso
|
o
1IN
o
o ] -
1 [l
H o
i - _O
-
L]
/
Carnosine (439224) ICs against Dengue and Inhibited MPO activity, Showed minimal Not recruited in viral Rothan et al.,
Zika viral protein: 52.3 decreased the mortality cytotoxicity in Huh7 infection patient 2019; Xu et al.,
& 59.5 yM rate, suppressed TNF-o cultured cells. randomly. 2015
and IL-1p release, Exogenous carnosine
decreased HON2 viral administration up to 2000
titer, and in the lungs of mg/kg was well-tolerated in
infected mice at 10 mg/ vivo.
o © o kg oral dose for 7 days.
N— Il e
S
"
I
Harmine (5280953) EC50 against dual- Attenuated AG129 mice Very safe on normal Not yet recruited in Hutterer et al.,

specific tyrosine
phospho-rylation-
regulated kinases
(DYRKSs) of viral
replication at early-late
stage of HCMV gene
expression and HSV at

against EV71 infection by
single dose of (12.5 pg/
ml) daily i.p. for 4 days.
Recover HSV-1 and HSV-
2 infected mice (Bag

et al., 2014; Bag et al.,
2013).

mammalian cells at the
therapeutic and
experimental dose without
causing hepatotoxicity,
cardiotoxicity and
neurotoxicity.

viral diseases or
associated disorders

2017; Bag et al.,
2013;

Bag et al., 2014;
Chen et al., 2018

0.71 pM. Inhibit HSV-1
by blocking IE
transcription (Bag et al.,
2014).

inhibitor of Furin (Peng et al., 2017). Luteolin had potent activity
against wild-type and clinical isolates of HSV-2 (ECso 22.4 and 27.5
pug/ml and ECgg at 40.2 and 49.6 pg/ml (Ojha et al., 2015), and repli-
cation of dengue virus via Furin proprotein convertase inhibition
(Peng et al., 2017). Additionally, luteolin possess anti-seditious (Aziz et
al., 2018) and immunomodulatory activity (Hosseinzade et al., 2019).
However, the designed and predicted Phyto-compounds needs to have
interacted with the host cell surface receptor with optimal inhibition, as
well as constant and stable binding at pharmacological relevant
concentration.

These strategies could be achieved by in-silico homology modelling,
molecular docking, molecular dynamics simulation, followed by the
validation through in-vitro model of inhibition studies on the interaction
between host cell receptor and Spike protein of novel coronavirus. Thus,
our study suggests an investigation of the localization of host cell re-
ceptor and spike protein binding by ELISA, FACS, receptor binding
fluorescent assay, and immuno-electron microscopy. The anti-
inflammatory and immunomodulatory activity of an anti-viral agent
seems to be additionally beneficial to protect the damage of organs like
lungs, heart, liver and kidney from virus-driven Th1/Th2 mediated in-
flammatory cytokine storm during the Covid-19 (Stebbing et al., 2020;
Mehta et al., 2020). Therefore, the identification of any antivirally active

14

Phyto-compounds having anti-inflammatory and immunomodulatory
activity will be of immensely helpful to control the super-spreading
Covid-19. Rationally selected host cell receptor blocker may be
explored as a promising treatment option on Covid-19 patient, if the
compounds additionally exhibit anti-thrombotic effect alone or in
combination (Galimberti et al., 2020). Recent reports suggest that the
Covid-19 patient with acute infection may die due to blood clotting
mediated pulmonary lung coagulopathy (Connors and Levy, 2020;
Menezes-Rodrigues et al., 2020).

Moreover, this validated receptor blockers could be delivered spe-
cifically via oral or nasal spray nebulizer or vapour nano-spray formu-
lation-based drug delivery to the corresponding host cell receptor,
located at oral mucosa, nasal membrane and lung cell surface receptor
membrane. This tactic could be appropriate; because of the micronized
nano-aerosol suspended drug particle would bind very rapidly to the
Furin and TMPRSS2 receptor(s) of the goblet and ciliated cells in upper
respiratory tract in a small concentration, via targeted novel drug de-
livery system. Furthermore, drug formulated in e-cigarette (Breitbarth
et al., 2018) could deliver the active constituent quickly into the lung cell
surface receptor for competitive binding to block the virus attachment
(entry) into the host cell surface. The strategy would provide promising
therapeutic intervention towards the emerging insight of prophylactic
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Practical use, in-vitro and in-vivo degree of antiviral activity, therapeutic or selectivity index, toxicity and clinical study profile of few selected marker phytocompounds

derived from spices.

Compounds

1Cs0/ECs (in-vitro
degree of anti-viral
activity) [CCso: at
which dose of the test
compound kills 50%
normal host cell S.I.
=CCs0/ECs0

In-vivo degree of anti-viral
efficacy

Toxicity

Clinical Trial Stage of
development

References

Carnosic acid

(65126)
o i
o I
o
&
o0
Eugenol
(3314)
0"
o J
|
\
Curcumin
(969516)

Eucalyptol (2758)

Cinnamaldehyde
(637511)

1Cs against RSV
(Respiratory Syncytial
virus) was 19.58 and
20.19 pM in A549 and
HEp-2 cells by
inhibiting viral
proteins F, NS2, SH)
respectively.

1Csp against HIV-1
protease was 0.24 pM
in cell free assay.

ECso was 25.6 and
16.2 pg/ml for HSV-1
and HSV-2
respectively.

ICs against EBOLA
virus was: 1.3 £ 0.5
with CCso > 50 pM
against HeLa cell.
ECs against Influenza
Avirus was 0.6392 pg/
ml; while CCsg against
MDCK cells was 75.28
pg/ml

The inhibitory effect of
Curcumin (ECsg)
SARS-CoV replication
was 10 pM with CCsg
of > 250 pM.
Inhibited SARS-CoV
3CLpro with ICsq
value of 23.5 uM.

ICsp against influenza
PR8 virus in MDCK
cells: 15.87uM
without showing any

At 160 mg/kg b.w.
Eugenol attenuated the
lung injury in mice
through i.p. route via
inhibition of
inflammatory cytokine.

At 50 mg/kg/day),
beginning at 5 days prior
to Reovirus 1/L infection
protects CBA/J mice from
the development of ALI/
ARDS and suppresses
subsequent fibrosis.

Significantly increased the
survival rate, reducing the
mortality, attenuating the
clinical symptoms in the
lung pneumonia in Balb/c
mice at 60 and 120 mg/kg
via oral gavage at 6 days
post infection of Influenza
virus

Anti-influenza solution
containing eucalyptol was
reported as preventive for
further spreading of
influenza infection
through nose and throat
via nebulizer or inhaler
spray.

Mice infected with the
lung-adapted PR-8 virus,
inhalation of CA at (50
mg/cage/day) and nasal

15

Carnosic acid did not
show any significant
cytotoxicity at
concentrations used for
antiviral assay.

Eugenol was virucidal
and showed no
cytotoxicity on normal
cell at therapeutic dose.
LDLo dose for i.p. route
on RAT is 800 mg/kg

It is completely safe,
non-toxic at high
therapeutic dose without
any genotoxicity,
carcinogenicity due to
potential anti-oxidant
effect.

In mice LDsg i.p. and oral
route was: 1500 mg/kg
and 2000 mg/kg
respectively.

Very safe at therapeutic
dose without showing
any sign of genotoxicity,
carcinogenicity, lung
toxicity.

Oral LDsq in Rat: 2480
mg/kg

Mouse LDs in oral route
was: 2225 mg/kg
Inhalation of CA did not
induce any adverse

N.D. in anti-viral

Eugenol containing AV2
formulation of topical spray
reduced the HPV load in
uterine cervix and associated
lesions to stop the cervical
cancer progression
significantly on the cervix
through one time (2 puffs)
topical application of 100ul
AV2

Despite robust preclinical
data,

there is criticism concerning
clinical studies performed
with curcumin

particularly on translation of
in vitro concentrations and in
vivo dosages to reproducible
and achievable
concentrations in humans.

A double-blind, placebo-
controlled trial suggested
that Eucalyptol can act as
mucolytic as well as in upper
and lower airway diseases

Liquid containing
Cinnamaldehyde

from Vapor Shark DNA
250™ e-cigarette will be

Shin et al.,
2013; Paris
et al., 1994

Benencia Zil]d
Courreges,
2000; Lane

et al., 2019;
Magalhaes

et al., 1985
Revue Medicale
de la Suisse
Romande, 16
(449), 1896.

Wen et al.,
2007; Avasarala
et al., 2013
Heinrich et al.,
2020; Tyagi

et al., 2016;
Bansal and
Chhibber, 2010

Li et al., 2016;
Juergens et al.,
2003

https://patents.
google.com/pa
tent/US759
6836B2/en.

Hayashi et al.,
2007; https://c
linicaltrials.
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1Cs0/ECs (in-vitro
degree of anti-viral
activity) [CCso: at
which dose of the test
compound kills 50%
normal host cell S.I.
=CCs0/ECso

Compounds
efficacy

In-vivo degree of anti-viral

Toxicity Clinical Trial Stage of References

development

cytotoxicity to MDCK
cells at 200 pM.

respectively.

inoculation (250 pg/
mouse/day) significantly
) reduced the viral growth

1 & infection and increased
s survival rates on 8 days to
’ 100% and 70%,

reactions, but showed a recruiting by Randomized gov/ct2/show/

treatment as supported by the earlier report on the treatment of influ-
enza patient with intranasal or oral delivery of anti-viral drug success-
fully (Peng et al., 2000; Wong et al., 2010; Dickens et al., 2007). The
novel approach of such drug delivery may improve the pharmacokinetic
behaviour of the anti-viral prophylactic or therapeutic agent(s) by
enhancing absorption and cell permeability. Drug particle formulated as
a harmonious combination of cocktail receptor inhibitors at optimal and
pharmacologically relevant dose could block the host cell Furin, and
TMPRSS2 receptors located in the target organs like esophagus, lungs,
as well as in colon, liver, heart, kidneys, intestine and pancreas to pre-
vent the entry of the SARS-CoV-2. Additionally, it may diminish the
toxicity of the main active ingredient, as well (Remacle et al., 2010).
Most of the current anti-viral agents are nucleic acid analogues that
directly act on the virion via conventional systemic tablet, while injec-
tion have poor efficacy, prone to drug-resistance (due to frequent mu-
tation of viral RNA and spike protein) and have undesirable side effects.
Thus, when it is used against Covid-19, then those directly acting drugs
may enhance the adverse drug reaction due to host cell permeability
issue (Lenkens et al., 2020; Zhao et al., 2020; Saha et al., 2020; Becer-
ra-Flores and Cardozo, 2020). Hence, some selected lead phyto-
pharmaceuticals can primarily be focused on anti-COVID-19 drug
discovery and development, as mentioned in Table 1 and Table 2 based
on their anti-viral activity reported against influenza, HIV, and other
RNA viruses through host cell surface receptors ACE2, Furin and
TMPRSS2 blocking action. Moreover, few of them had shown promising
degree of antiviral activity in both in-vitro and in-vivo pre-clinical animal
model as well as conferred clinical efficacy against different viral
infection through clinical trial, as depicted in Table 3 & Table 4. Based
on the consolidated reports on the degree of anti-viral efficacy and safety
profile of the known phytocompounds as potential agents against SARS,
MERS, Influenza, respiratory syncytial virus (RSV), Herpes simplex virus
(HSV), and HIV infection. A few potential Phyto-lead compounds could
be explored against SARS-COV-2 infection to manage COVID-19 pa-
tients, subjected to their preclinical and clinical investigation. The
concised anti-viral response study depicted in Table 3 and Table 4
suggest that lycorine, flavopiridol, berberine, EGCG, cannabidiol,
celastrol,baicalein, punicalagin, mangiferin, hesperitin, silymarin,
and curcumin could be proceeded further to highlight them as potential
prophylactic or therapeutic agent against COVID-19. Because those
compounds exerted strong anti-viral response in low ICsy (Nano or
micromolar range) with high selectivity index by inhibiting the viral
growth and replication without showing any toxic effect to host cells.
Moreover, the high therapeutic index based effective anti-viral and
anti-inflammatory activity in animal study were quite encouraging
without showing any apparent adverse reaction at therapeutic dose. Few
of these agents, having nutritional value, had been recruited in clinical
trial phase 1, 2, or 3 for management of COVID-19 induced

16

beneficial effect on Interventional (Clinical NCT03700892
influenza virus-induced Trial) for checking Innate
pneumonia in mice. Lung Host Defense
(Cinimic).
Table 5
Clinical study profile of few selected phyto-extract
Artemisinin, Curcumin, Anti-oxidant, anti- Phase Kumari
Boswellia, and inflammatory, anti-aggregate 2 etal.,
Vitamin C (ArtemiC) and anti-microbial property of 2020
the formulation promote these
for preventive therapy against
COVID-19
Nigella Sativa and Immunomodulator, and Phase Kumari
Honey antiviral activiites trigger it for 3 etal.,
potential treatment against 2020
Covid-19 patient
Natural honey Antibacterial, antifungal, Phase Kumari
antiviral and antimycobacterial 3 etal.,
activities encourage these to use 2020
against Covid-19 patient for
probable therapeutics.
Gum Arabic powder Immunomodulator and anti- Phase Kumari
inflammatory agent for 2 etal.,
potential use for Covid-19 2020
treatment.
Acai Palm Berry extract For Potent inhibition of Nod- Phase Kumari
like receptor family, pyrin- 2 et al.,
containing 3 (NLRP3) 2020
inflammasome owing to
attenuate the cCovid-19
symptoms.
Traditional Chinese For Immunomodulatory and Phase Kumari
medicines (various anti-inflammatory mechanisms, 3 et al.,
herbal products are decrease the level of cytokines 2020

included in this
category)

such as TNF-q, IL-1p, IL-6, IL-8,
and IL-10, to inhibit lung
inflammation or acute lung
injury

complications or as prophylactic agent against viral infection including
SARS-COV-2 through immune modulation.

Conclusions

The nasal or oral suspension or vapour spray inhaler containing
combination of phytopharmaceuticals derived from herbs, spices and
traditional medicaments would deliver the active ingredient(s) specif-
ically in the host cell receptor’s (Furin, TMPRSS2) active site to block
the attachment of viral S-protein via hindering the S-protein cleavage
activation, and membrane fusion. This strategy may offer a steady and
putative anti-viral response, permit to use lower doses of the Phyto-drug,
and minimize the side effects, as reported earlier with zinc nasal spray in
upper respiratory tract illness (Belongia et al., 2001). It may help to
mediate successful anti-viral therapy against SARS-CoV-2 in upper res-
piratory tract via preventive or therapeutic treatment option (Hayden et
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Fig. 2. Overview of identification and extraction of phytopharmaceuticals from Traditional medicinal plants, Adaptogenic herbs, Inmunomodulatory spices, Anti-
inflammatory herbs for developing probable therapeutic and prophylactic agents via nasal or oral inhaler based nano-spray phytoformulation development for

eradicating covid-19.

al., 2003). Herbs containing polyherbal Phyto-components (Table 1,2,3
&4) & phyto-extract (Table 5) may act on different stages of viral
infection cycle for prevention and healing, as follows:

1) May stimulate the innate immunity for killing the virus via Tc or NK
cell mediated immune-modulation by immunogenic phytonutrients
and amino acids.

2) Could interfere the interaction of the virus with the host cell entry
receptors to prevent their cellular endocytosis, replication and
infection.

3) Can protect the vital and target organs by executing the anti-
inflammatory activity against cytokine storm induced organ dam-
age, as anti-inflammatory activity of the natural herbs or Phyto-
compounds may confer the vasodilation of bronchial tube (Ignarro,
2020; Scavone et al., 2020).

Further, the intra-nasal nanosuspension based aerosol spray inhaler
(nebulizer) may help to reach the active ingredient to the lungs and
esophagus rapidly; so, the formulated combination of anti-
inflammatory, as well as host cell entry blocker, could protect the pa-
tient from virus-driven lung injury, fibrosis, and infection by local ac-
tion. In this context, few anti-inflammatories as well as anti-viral Phyto-
compounds derived from herbs and spices such as carnosic acid,
Eugenol, Gingerol, Eucalyptol, Cinnamaldehyde, green tea and
white tea essential oils (Table 3 & 4) may be formulated as oral or
nasal nebulizer for effective drug delivery of the active medicament into
the lungs, or upper respiratory tract due to their protecting ability
against SARS viral infection mediated Acute respiratory distress

syndrome (ARDS), Acute lung inflammation (ALI), as evident from
earlier patented formulation against influenza virus infection and
associated respiratory inflammation and distress (US7596836B2,
patent).

Some promising leads such as Tetrahydrocannabinol, Cannabi-
diol, Andrographolides have been recruited in the clinical trial for the
intervention of cancer and inflammation for the practical use. Brom-
hexine has already been marketed as commercially FDA approved
medicine for practical use towards the treatment of respiratory disorders
as mucolytic agent.

Moreover, few plant-based antiviral compounds (such as Ursolic
acid, Vitexin,Wogonin, Baicalein,Curcumin, Carnosic acid, Gin-
gerol, Lycorine, Ginsenoside Rg3, Hesperetin, Tetrahydrocannab-
inol, Cannabidiol, Resveratrol, Glycyrrhizic Acid, Epigallocatechin
3-gallate, Luteolin) also possess promising anti-oxidant, anti-inflam-
matory, anti-coagulant activity at various pharmacological doses.
Therefore, those compounds could be the potential therapeutic option to
attenuate the cytokine storm in the acute symptomatic Covid-19 patient
due to their significant anti-inflammatory activity by suppressing the
release of inflammatory cytokines during immunopathological response
of host against viral infection. Anti-coagulant property of such anti-viral
phyto-molecules could be used as probable management of the pulmo-
nary coagulopathy and blood clotting in the blood vessels to decrease
the mortality rate and assist for early recovery. Anti-oxidant and strong
anti-inflammatory activity of those compounds could be potential for
the practical use to manage vasculitis like manifestation of the recovered
patients as per the current clinical reports.

Furthermore, electronic metered chip device could optimize the
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pharmacological dose of the delivered agent to the target cell and
maintain the stability of the phytopharmaceuticals by nanosuspension
coating of natural polymer. Thus, it could maintain the safety, accuracy
and efficacy of the formulated dose. This method would be promising
and less likely to produce side-effect and drug resistance, as suggested by
the WHO for multi-drug therapy in tuberculosis or leprosy. Hence, it
could be hypothesized that intra-oral or intra-nasal inhaler-based
aerosol spray (Ignarro, 2020) could deliver the drug accurately to viral
entry point as cell surface receptor blocker, which could be the potential,
safe and rapid prophylactic as well as a therapeutic option against
Covid-19 pandemic.

Furthermore, the selection of the drug candidate to be delivered via
nasal or oral spray is very important and thus the selected pharmaco-
logical agents should possess the immunomodulatory property and
block the virus entry to the host cell receptor via dual blocking of Furin
protease and TMPRSS2 receptor site. For this, adaptogenic herbs from
the traditional system of medicine like Ayurvedic and Unani may be
useful as rational formulation. Nano-spray suspension coated with a
stable polymer and suspending agents along-with receptor-ligand could
stabilize the entrapped Phyto-pharmacological agents like curcumin-
nano-formulation (Preis et al., 2019; Pandey, 2011; Taki et al., 2016)
for longer duration avoiding pharmacokinetic failure. The application of
nano-spray might be useful also to check the infection further, when
mild to moderate symptoms would arise by augmenting the cell surface
receptor activation (Furin and TMPRSS2). This projected drug delivery
via nasal or oral nano-spray comprising of stable
Phyto-immunomodulators and entry receptor blocker can be scaled up
to achieve the expected recovery and stop the infection cycle of
Covid-19 (Fig. 2.) pandemic and its panic, subjected to preclinical and
clinical validation.

https://www.drugs.com/medical-answers/losartan-shown-recept
or-block-coronavirus-3534166/.

https://theskepticalcardiologist.com/2020,/03/14/coronavirus-
and-ace-inhibitors-do-not-stop-taking-your-blood-pressure-medication/
https://www.caymanchem.com/msdss/11707m.pdf
https://clinicaltrials.gov/ct2/show/NCT04404218
https://clinicaltrials.gov/ct2/show/NCT03061474
https://clinicaltrials.gov/ct2/show/NCT03134443
https://clinicaltrials.gov/ct2/show/NCT03132610
https://clinicaltrials.gov/ct2/show/NCT01438320
https://clinicaltrials.gov/ct2/show/NCT04487964
https://clinicaltrials.gov/ct2/show/NCT04479202
https://clinicaltrials.gov/ct2/show/NCT02251678
https://clinicaltrials.gov/ct2/show/NCT01433289
https://clinicaltrials.gov/ct2/show/NCT01717066
https://clinicaltrials.gov/ct2/show/NCT00617318
https://clinicaltrials.gov/ct2/show/NCT02346227
https://patents.google.com/patent/US7596836B2/en.
https://clinicaltrials.gov/ct2/show/NCT03700892
https://clinicaltrials.gov/ct2/show/NCT04032717
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