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ABSTRACT:
The novel Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
spread, freezes all sectors, and was declared as a life-threatening disease by the World Health
Organization on Jan 30, 2020. So far, no speciﬁc drugs are identiﬁed or approved for treating
SARS-CoV-2. In the past few years, nanomaterials are in the limelight for their ability to deliver
the drugs eﬀectively and selectively like siRNA to target/prime infection sites, and beneﬁts us to
visualize the particular regions, treatment reactions via non-intruding imaging techniques. As
intranasal delivery interacts directly to the infection site with minimal side eﬀects on the healthy
cell, we postulate to administer a mixture of few polyherbal formulations like the golden spice
curcumin, sitopaladi churna (SPC), and kaempferol in zein-chitosan nanoparticles as a life-saving
measure for treating Coronavirus disease (COVID-19) cases. This viewpoint will shed light on the
antiviral role of curcumin, SPC, and kaempferol zein-chitosan nanoparticle to modulate immune
responses and observe its curative approach to the current pandemic COVID.

1. BACKGROUND
The present serendipitous global pandemic Coronavirus
disease (COVID-19) has knocked oﬀ the world with no way
to treat it successfully or combat it eﬃciently. Hence, the
peoples in the world anticipated developing a vaccine for
striking the disease’s frightfulness and fatality along with its
eﬀective cure. Some countries utilize chloroquine, few drugs

used to treat autoimmune disorders and antiviral medication
as a promising therapeutic approach (Savarino et al., 2003).
The limitation of proving its eﬃcacy in the initial stage of the
strict contagiousness monitoring to avoid arrhythmic death.
Despite these medications, the death rate due to the exotic
coronavirus is uncontrollable. Consequently, demand for the
safer and eﬀective curative measure for this pandemic is the
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need of the hour. Though the route for vaccination may
be intranasal, present investigations use systemic routes to
overcome many mucosal environment barriers like low intrinsic
absorption, low dosage level, brisk mucociliary sweeping and
enzymatic destruction striking the target site. Hence, the
therapeutics approach via nanoparticles (NP) will reach the
speciﬁc infected site, supply a higher concentration than the
conventional therapeutic approach, and reduce the toxic eﬀects
on healthy cells.
Globally, COVID-19 cases have shown acute respiratory
distress syndrome (ARDS) in intensive care units (Fan et al.,
2020), which is a sore type of acute lung injury (ALI) manifested
by infection-causing inﬂammations and tissue ﬁbrosis. ARDS
can be induced by pre-depositing factors like pneumonia, sepsis
and aspirations (Matthay & Zimmerman, 2005). Studies
by Avasarala et al. (2013) suggested that the potential role
of Indian spice turmeric in modulating the chemokines and
cytokines potentiality by reducing phosphorylated nuclear
factor kappa B (NF-kB) p65 forms in mouse models for
ARDS induced by the virus. Similarly, Praditya et al. (2019)
in their review, highlighted the antiviral role of the golden
spice curcumin against human pathogens like the inﬂuenza
virus, Human Immunodeﬁciency Virus (HIV). Other studies
by Ziteng and Ying (2020) highlighted that the use of
curcumin as a potent mitigant for pro and anti-inﬂammatory
components like interleukin (IL-6), cyclooxygenase (COX-2)
by prompting inﬂammation through increasing the apoptosis
rate in polymorphonuclear cells (PMNs), thereby, searching the
reactive oxygen species (ROS). In another study, Rastogi et al.
(2020) suggested utilizing formulations like Sitopaladi churna
(SPC) in COVID-19 positive cases with mild symptoms showed
immediate blocking of the symptoms and control on contagion
spread via continuous check-ups in isolation. Makhija et al.
(2013) proposed that the administration of SPC hinders mast
cells mediators release, and these mast cells activate cytokine
storm resulting in disruption of lungs and its complications,
lethal inﬂammations and demise in COVID-19 [9]. Parallelly,
kaempferol a beneﬁcial ﬂavonoid typically used for its antiinﬂammatory properties in ALI studies and the molecular
docking study by Khaerunnisa et al. (2020), when compared
with other medicinal plants and is suggested as a capable
inhibitor of the amino acid residue Mpro (main protease)
responsible for the viral replication in COVID-19 active
site (Aziz et al., 2018).
Based on the available evidence, we suggest that infusing
polyherbal constituents in a biocompatible nanoparticle can
act as a potent therapeutic agent for COVID-19. Hence, in
this viewpoint, we address utilizing curcumin along with SPC
and kaempferol in a biocompatible NP like zein-chitosan as
an adjuvant therapy for combating the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virion with lesser or
no side eﬀects on the surrounding healthier cells including
COVID-19 vaccinations.
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1.1. Curcumin

The diphenolic [1,7-bis(4-hydroxy-3-methoxyphenyl)1, 6-heptadiene-3,5-dione] is an important constituent of
turmeric (Curcuma longa L.); curcumin is known for its
antioxidative, anti-inﬂammatory, antipathogenic and anticancer characteristics (Baspinar et al., 2018) with a disadvantage
of abysmal bio-accessibility and weak solubility to disrupt
its therapeutic beneﬁts (Shaikh et al., 2009). Therefore, to
improve its bio-therapeutic eﬃcacy, the water solubility is
ameliorated using particles in a smaller nanometer range via
nanotechnology (Sultana et al., 2013). Encapsulating curcumin
to aggrandize its weaker solubility and securing against atrophy
by fusing it with a natural ampliﬁer like piperine to enhance its
absorptive property (Han et al., 2008) along with chitosan to
increase bioavailability of curcumin. Past decades, coronavirus
is the centre of attraction due to its high virulence rate by its
high cytokine storms aiding lethal pneumonia and preliminarily
manifesting ALI/ARDS with a higher death rate (Peiris et al.,
2004). The prime cause of spiked up fatality is the lungs’
hyperactive immune cells (Channappanavar & Perlman, 2017).
Many consensus types of research showed promising results on
utilizing curcumin during viral-induced pneumonia, surpassing
lung condition and boosting the survival range (Avasarala et al.,
2013; Lai et al., 2020). Recently, evidence shows that a minimal
(80mg/day) dosage of curcumin promotes healing properties
like direct and indirect antioxidant properties (Disilvestro et
al., 2012). According to Lai et al. (2020), administrating
the curcumin before and even after lurgy enhances lungs
functioning, suggesting curcumin’s prophylactic and medicinal
eﬀect in these viruses instigated death or pneumonia. A pilot
study by Alizadeh et al. (2018) reduces oxidative stress and
declines inﬂammatory cytokines like tumor necrosis factor-a
(TNF-a). Due to genetic similarity between SARS-CoV-2 and
SARS/Middle East respiratory syndrome coronavirus, curcumin
can hinder virion replication (Soni et al., 2020). According
to molecular docking, homology modelling and free binding
energy calculation studies curcumin was found eﬀective against
SARS-CoV-2 viral proteases (Palaniyandi et al., 2020). The
curative and preventive eﬀects of curcumin in viral infection and
cytokine storm can be the best option for managing the present
pandemic situation.
1.2. Sitopaladi churna

Sitopaladi Churna (SPC) connotes to the grounded form
of a single or blends of many drugs. One of the consistently used formulate to relieve respiratory disturbance, and
constituting Saccharum oﬃcinarum L. (sugar candy), Bambusa
arundinacea (Retz.) Willd. (Vanshlochan), Piper longum L.
(dried fruit), Elettaria cardamomum (L.) Maton (dried seed)
and Cinnamomum zeylanicum Blume (stem bark) (Jani et al.,
1980). P. longum’s having important compound piperine,
which has shown to decline the magnitude and rate of blockage
caused by acetylcholine, histamine and 5-hydroxytryptamine
(5-HT)-induced spasm on guinea pig and rabbit’s intestine
along with preventing bronchospasm. In the same way,
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the anti-inﬂammatory properties of B. arundinacea and E.
cardamomum are shown in patients with asthma and coldcough. Even C. zeylanicum aqueous solution has shown an anticomplement (Ahirwar et al., 2008); as this churna has shown
to shield mast cells from degranulation signiﬁcantly (Makhija
et al., 2013) which is the primary site of the SARS-CoV-2
entry (Caughey et al., 2000). We suggest the administration of
SPC and curcuma via nanoparticle in COVID-19 cases spread
in body by blocking mast cells and modulating the pathway of
the virus in addition to spasms and congestion reduction.
1.3. Flavonoid-Kaempferol

Kaempferol-3, also known as kaempferide or kaempferol
ﬂavonol, is a naturally yellow powder ﬂavonoid that is a
ﬂavonoid with hydrophobic property is found in vegetables, and
fruits like kale, spinach, grapefruit etc., are known to have antiinﬂammatory properties in vascular endothelial inﬂammations,
chronic disorders like intervertebral disc degeneration (IVD),
ALI along with benign and mignant cancers (Ren et al., 2019).
Studies by Khaerunnisa et al. (2020) showed the molecular
docking eﬃciency of kaempferol with the COVID-19 main
protease (Mpro)/chymotrypsin-like protease (3CLpro) along
with other ﬂavonoids. According to Xu et al. (2020) kaempferol
is one of the most potent inhibitors of COVID-19 Mpro and
expresses its similarity with Nelﬁnavir, which is suggested as a
potential macromolecular inhibitor for the current pandemic
(COVID-19 Mpro).
1.4. Nanoencapsula on in Zein-chitosan complex

Nanoparticles are the centre of attention in biomedical
research and pharmaceutical industries at present as they provide
better compliance, wider distribution inside the biological
system and most importantly, their site-speciﬁcity in conveying
drugs. Besides, few nanoparticles are pocket and environment
friendly (Vallet-Regí et al., 2016). Utilizing biopolymers as
an essential constituent of nanoparticle’s increases its biological
aﬃnity, biological breakdown and lesser pernicious. The
bioactive compounds in biocompatible nanoparticles increase
their intracellular permeability (Mora-Huertas et al., 2010).
Generally, the therapeutic compounds are immobilized in a
material either to coat or disperse to improve the therapeutics’
drawbacks like lower solubility, safeguarding from moisture,
pH and lights eﬀects. Based on Cao et al. (2014), the
report suggested that the electrospray or electrohydrodynamic
atomization method for building polymeric nanoparticle with
a hydrophobic compound like curcumin and kaempferol.
Naturally occurring polymer zein, a maize protein that consists
of aqueous insoluble and alcohol soluble groups, can be used
as a potent matrix for our selected compounds along with
a secondary multi-group layer to increase the viscosity and
promote bioavailability due to its high water solubility, more
excellent permeability, and time-release with its promising
properties and non-toxic, biocompatible and skilfully liable. As
chitosan is initially positively charged, it can easily interact at the
negatively charged cell surfaces sites, making it an ideal polymer
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to develop delivery nanoparticle (Gordon et al., 2008).
With this evidence, we suggest amalgaming the
hydrophobic curcumin and kaempferol SPC in zein-chitosan
tiny particles of approximate dimension of 500-600 nm can
be used as a potent therapeutic agent for the current COVID19 situation. Curcumin and kaempferide are trapped within
zein as the core of the nanoparticles, and SPC with chitosan
as the nanoparticle’s shell electro-spraying method. Baspinar et
al. (2018) ascertained that the curcumin and piperine infused
zein nanoparticle with 550 nm, along with a ratio of 1:20 for
curcumin: zein and 1:50 for piperine: chitosan at 20kV applied
voltage is reliable to kill neuroblastoma cells (Figure 1). Hence,
a similar protocol can infuse the cocktail compound in the
biopolymers to get a biocompatible and eﬀective nanoparticle
to ﬁght the current situation.
2. DISCUSSION
The current model of supplying drugs through nanoparticles is highly recommended over the classical drug administration method due to its higher eﬃcacy, bioavailability,
lesser toxicity, site-speciﬁcity, lower dosage, cross biological
barriers (Kobayashi et al., 2014). A respiratory malaise,
COVID-19 can be handled through the non-invasive mode of
transporting the medicinal compounds at the infection site. The
zein-chitosan nanoparticles complex with the phytocomponents
can be delivered as a suspension in a gaseous medium in
a respirable form through nebulizers for easy inhalation and
higher deposition plus retention in the lungs (Aziz et al., 2018).
The hypothesis’s fundamental motive is to illustrate the idea
(Figure 2) of using the plant-derived compound to overcome
or track down the world’s current scenario more safely and
productively.
In summary, claiming more than 2 million human lives,
SARS-CoV-2 globally talked about a health concern, keeping
people on their toes. As of now, precaution is considered
the best mode to handle the infection. The absence of a
potent speciﬁc cure made the patients obtain treatments based
on symptoms or supportive remedies. Globally, scientists are
actively engaged in developing a safe and successful cure or
vaccine. Nanotechnological techniques have shown promising
health and disease-related problems in humans from the past
few decades by incorporating antiviral compounds. Hence,
utilizing this technology’s idiosyncratic ability and organic
compounds can comfort us during ongoing situations in
addition to vaccination. Nevertheless, an in-depth investigation
is required to assess the likeliness to utilize medicinal plant’s
compounds against the current pandemic.
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Figure 1. Biocompatible nanoparticle synthesis. Preparing the zein-chitosan nanoparticle infused with the bioactive compound curcumin and kaempferol in
the core (zein) of the nanoparticle and the SPC as the second layer along with chitosan as exterior layer due to higher stability and higher aﬃnity towards
cellular uptake.

Figure 2. The illustration depicts the postulate of utilizing biocompatible nanoparticle ﬁlled with active biological components as a curative and safer
measure for the present pandemic COVID-19. Administering the prepared nanoparticle complex via nasal track in COVID-19 patients to directly interact
with the aﬀected organ and prevent virion replication any further. Thereby reducing the spread and disease severity in the patient.

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2021, 1, 3–7 | 6

Kuchi Bhotla et al

View Article Online

ORCID
Haripriya Kuchi Bhotla

0000-0002-9997-6454

Balamuralikrishnan Balasubramanian

0000-0001-6938-1495

Vijaya Anand Arumugam

0000-0001-7485-1586

Karthika Pushparaj

0000-0002-1597-6001

Murugesh Easwaran

0000-0001-7628-0772

Rathinasamy Baskaran

0000-0002-2676-7379

Muthupandian Saravanan

0000-0002-1480-3555

Manikantan Pappusamy

0000-0002-6047-3702

Arun Meyyazhagan

0000-0002-1934-3906

FUNDING
This research received no external funding.
ETHICAL APPROVAL
Not required.
AUTHOR CONTRIBUTIONS
This review article was carried out in collaboration between
the authors. Conceptualization, B.B, and A.M; Writing—
original draft preparation, H.K., B.B.., Selected bibliographic
sources, M.P., V.A., M.S., M.E., R.B; K.P.,; B.B was coordinated
the working group; Writing-review & editing, B.B., A.M.. All
authors have reviewed and approved the published version.
REFERENCES
Ahirwar, B., Ahirwar, D., Ram, A., 2008. Antihistaminic eﬀect of
Sitopaladi churna extract. Res J Pharm Technol. 2, 89–92.
Alizadeh, F., Javadi, M., Karami, A.A., Gholaminejad, F., Kavianpour, M.,
Haghighian, H.K., 2018. Curcumin nanomicelle improves semen
parameters, oxidative stress, inﬂammatory biomarkers, and reproductive hormones in infertile men: a randomized clinical trial. Phytother
Res. 32, 514–521.
Avasarala, S., Zhang, F., Liu, G., Wang, R., London, S.D., 2013. Curcumin modulates the inﬂammatory response and inhibits subsequent
ﬁbrosis in a mouse model of viral-induced acute respiratory distress
syndrome. PLoS ONE. 8(2), 57285–57285.
Aziz, N., Kim, M.Y., Cho, J.Y., 2018. Anti-inﬂammatory eﬀects of
luteolin: A review of in vitro, in vivo, and in silico studies. J
Ethnopharmacol. 28, 342–358.
Baspinar, Y., Üstündas, M., Bayraktar, O., Sezgin, C., 2018. Curcumin
and piperine loaded zein-chitosan nanoparticles: Development and
in-vitro characterization. Saudi Pharm J. 26(3), 323–334.
Cao, L., Luo, J., Tu, K., Wang, L.Q., Jiang, H., 2014. Generation of
nano-sized core-shell particles using a coaxialtri-capillary electrospraytemplate removal method. Coll Surf B: Biointerf. 115, 212–218.
Caughey, G.H., Raymond, W.W., Wolters, P.J., 2000. Angiotensin II
generation by mast cell alpha- and beta-chymases. Biochim Biophys
Acta. 1480(1-2), 245–257.
Channappanavar, R., Perlman, S., 2017. Pathogenic human coronavirus infections: causes and consequences of cytokine storm and

immunopathology. Semin Immunopathol. 39, 529–539.
Disilvestro, R.A., Joseph, E., Zhao, S., 2012. Diverse eﬀects of a low
dose supplement of lipidated curcumin in healthy middle aged people.
Nutr J. 11.
Fan, E., Beitler, J.R., Brochard, L., 2020. COVID-19-associated acute
respiratory distress syndrome: is a diﬀerent management approach
warranted? Lancet Respir Med. 8(8), 816–821.
Gordon, S., Saupe, A., Mcburney, W., Rades, T., Hook, S., 2008.
Comparison of chitosan nanoparticles and chitosan hydrogels for
vaccine delivery. J. Pharm. Pharmacol. 60, 1591–1600.
Han, Y., Tan, T.M.C., Lim, L.Y., 2008. In vitro and in vivo evaluation of
the eﬀects of piperine on P-gp function and expression. Toxicol Appl
Pharmacol. 230(3), 283–289.
Jani, M.M., Thaker, H.J., Satakopan, S., 1980. Identiﬁcation of
ingredients in Sitopaladi churna. Indian Drugs. 17, 311–311.
Khaerunnisa, S., Kurniawan, H., Awaluddin, R., Suhartati, S.,
Soetjipto, S., 2020.
Kobayashi, K., Wei, J., Iida, R., Ijiro, K., Niikura, K., 2014. Surface
engineering of nanoparticles for therapeutic applications. Polym J. 46,
460–468.
Lai, Y., Yan, Y., Liao, S., Li, Y., Ye, Y., Liu, N., Zhao, F., Xu, P.,
2020. 3D-quantitative structure-activity relationship and antiviral
eﬀects of curcumin derivatives as potent inhibitors of inﬂuenza H1N1
neuraminidase. Arch Pharm Res. 43(5), 489–502.
Makhija, I.K., Shreedhara, C.S., Ram, H.A., 2013. Mast cell stabilization
potential of Sitopaladi churna: An ayurvedic formulation. Phcog Res.
5, 306–314.
Matthay, M., Zimmerman, G., 2005. Acute lung injury and the
acute respiratory distress syndrome: four decades of inquiry into
pathogenesis and rational management. Am J Resp Cell Mol Biol. 33,
319–327.
Mora-Huertas, C.E., Fessi, H., Elaissari, A., 2010. Polymer-based
nanocapsules for drug delivery. Int J Pharm. 385(1-2), 113–155.
Peiris, J.S., Guan, Y., Yuen, K.Y., 2004. Severe acute respiratory syndrome.
Nat Med(10), 88–97.
Praditya, D., Kirchhoﬀ, L., Brüning, J., Rachmawati, H., Steinmann, J.,
Steinmann, E., 2019. Anti-infective properties of the golden spice
curcumin. Front. Microbiol. 10, 912–912.
Rastogi, S., Pandey, D.N., Singh, R.H., 2020. COVID-19 pandemic: A
pragmatic plan for Ayurveda intervention. J Ayurveda Integr Med.
23(20), 30019–30019.
Ren, J., Lu, Y., Qian, Y., Chen, B., Wu, T., Ji, G., 2019. Recent progress
regarding kaempferol for the treatment of various diseases. Exp Ther
Med. 18(4), 2759–2776.
Savarino, A., Boelaert, J.R., Cassone, A., Majori, G., Cauda, R., 2003.
Eﬀects of chloroquine on viral infections: an old drug against today’s
diseases? Lancet Infect Dis. 3, 722–729.
Shaikh, J., Ankola, D.D., Beniwal, V., Singh, D., Kumar, M.N.V.R.,
2009. Nanoparticle encapsulation improves oral bioavailability of
curcumin by at least 9-fold when compared to curcumin administered
with piperine as absorption enhancer. Eur J Pharm Sci. 37(3-4).
Soni, V.K., Mehta, A., Ratre, Y.K., 2020. Curcumin, a traditional spice
component, can hold the promise against COVID-19? European
Journal of Pharmacology, 173551–173551.
Sultana, S., Khan, M.R., Kumar, M., Kumar, S., Ali, M., 2013.
Nanoparticles-mediated drug delivery approaches for cancer targeting: a review. J Drug Target. 21(2), 107–125.
Xu, Z., Peng, C., Shi, Y., Zhu, Z., Mu, K., Wang, X., Zhu, W., 2020.
https://doi.org/10.1101/2020.01.27.921627

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2021, 1, 3–7 | 7

