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ABSTRACT

The recent growing emergence of H5N1 Avian influenza virus (AlV) mutants calls for the urgent need for new
effective antiviral drugs against AIV. Quercetin, is a promising natural candidate for treatment and prevention
of AIV infection but unfortunately, low solubility and poor bioavailability of quercetin hinders its use in the
medical field. Nanotechnology offers an innovative solution for enhancing quercetin solubility and
bioavailability and subsequently boosts its therapeutic effect. In the current study quercetin nanoparticles were
prepared by nanoprecipitation technique, quercetin nanoparticles showed a particle size range from 182nm to
240nm at flow rate 10 ml/ min, solvent/antisolvent volume ratio 1:12, stirring speed 1300 rpm and drug
concentration 5mg/ml. The determined safe dilution of quercetin nanoparticles 10ug/ml had a significant
inhibitory effect on the avian influenza virus H5N1 strain (EPI1573317) indicated by reduction of the virus titer
and the CPE in MDCK cells. Quercetin nanoparticles could be used as a new promising inhibitor for H5N1
AIlV and is expected to be on the top of candidates as antiviral against influenza virus in the near future.
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INTRODUCTION

Highly pathogenic avian influenza H5N1 virus
is one of the most devastating viral infectious
diseases affecting poultry causing huge economic
losses. Potential health concerns emerged during the
last years due to the rapid evolutionary nature of the
influenza virus which may result in the emergence of
new mutant virulent strain causing global pandemic
(Nguyen et al., 2013).

Antiviral agents against influenza are considered one
of the most effective strategies to control the virus
infection; the current licenced anti-influenza drugs
are classified into two categories; neuraminidase
inhibitors (oseltamivir and zanamivir) and an M2 ion
channel inhibitor (amantadine and rimantadine)
(Leonov et al., 2011; Muthuri et al., 2013 and
Spanakis et al., 2014). The recent emergence of the
amantadine and oseltamivir-resistant H5N1 influenza
virus calls for the urgent need to discover new
antiviral
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agents against influenza virus. Natural products
represented one of the most promising candidates
concerning the anti- influenza drug discovery (Ge et
al., 2010; Ha et al., 2014; Ho et al., 2014 and Yang et
al., 2014). Quercetin (3,3°,4°,5,7-
pentahydroxyflavone) is a member of flavonoids
found abundatley in many plants such as onion,
grapes, citrus fruits, and apple (Wiczkowski et al.,
2008); tea (Somerset and Johannot 2008); green
peppers and tomatoes (Nishimuro et al., 2015).
Additionally, it is found in some herbal plants
(Manach et al., 2005 and Kunyanga et al., 2011).
Quercetin  showed an interesting anti-inflenza
activity. It acts as HA inhibitor (Kumar et al., 2005;
Davis et al., 2008 and Choi et al., 2009). In a recent
investigation confirmed that quercetin interact with
HA protein, thereby inhibiting viral cell fusion and it
successfuly blocked the entry of HSN1 pseudoviruses
(Wu et al., 2016). Furthermore, quercetin and its
derivatives could inhibit RNA virus infection through
blocking viral polymerase (PA, PB1, PB2) (Jassim
and Naji 2003 and Gansukh et al., 2016).

Neuraminidase (NA) protein found on the virion
particles play an essential role in releasing progeny
virions, NA active site has been highly targeted by
antiviral therapy. Currently used NA inhibitors
Oseltamivir (Tamiflu) and Zanamivir are similar to
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sialic acid structure and works competitively by
binding the active site of NA resulting in inhibiting
the distribution of influenza virion (Collins et al.,
2008). The emergence of influenza virus
neuraminidase mutant strains urged the scientists to
explore and develop new neuraminidase inhibitors.
According to the results of molecular docking studies
performed by liu et al. ( 2015 and 2016), quercetin
showed robust stable binding abilities for
neuraminidases from H7N9 A/Anhui/1/2013 and
A/Shanghai/1/2013 (oseltamivir-resistant influenza)
and HIN1 (A/PR/8/34), respectively. Moreover;
quercetin molecule might overcome the oseltamivir
resistance caused by R294K mutation for
neuraminidase in  A/Shanghai/1/2013.  Hence,
quercetin could be wused as the effective lead
compounds regarding anti-influenza A.

Although quercetin possesses antiviral activity
(Zakaryan et al., 2017) and other pharmacological
effects such as being an antioxidant (Robaszkiewicz
et al., 2007), antibacterial (Li and Xu 2008),
anticancer (Dajas 2012) and antiproliferative
(Delgado et al., 2014); there was a major obstacle
facing its application in pharmaceutical field due to

HO
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its low water solubility and poor bioavailability

(Ratham et al., 2006 and Cai et al., 2013).
Nanotechnology offers an innovative solution
regarding  improving  water  solubility and

bioavailability of quercetin (Al-Jameel and Abd El-
Rahman, 2017) which in turn provides better
bioavailability and higher efficiency of quercetin used
in pharmaceuticals and subsequently in near future
quercetin nanoparticles will become the best choice
concerning therapeutic agents for disease treatment
and prevention. Therefore the present study aims to
prepare quercetin nanoparticles and determine its
antiviral efficacy aganist H5N1 AlV.

MATERIALS AND METHOD

In the current study, Quercetin (3, 5, 7, 3°, 4’-
pentahydroxyflavone) was purchased from Sigma-
Aldrich, Egypt and was used as received (purity >
95% (HPLC)). All reagents used were of technical

grade. Absolute ethanol (99.5 %) was obtained from
El Howamdia Company, Egypt.

OH
OH

OH

Fig. 1: Chemical structure of Quercetin (3, 5, 7, 3, 4’-pentahydroxyflavone)

1. Preparation of
(QUENPS)
Quercetin nanoparticles were prepared by the nano-
precipitation technique (Kakran et al., 2012).
quercetin was dissolved in ethanol at concentration of
5mg/ml. The drug solution was quickly injected at a
fixed flow rate (10ml/min) in to the anti-solvent
(deionized water) of definite volume under magnetic
stirring (1300 rpm). The volume ratio was (1:12). The
quercetin nanoparticles were filtered and air dried.

quercetin  nanoparticles

2. Characterization of quercetin nanoparticles
(QUENPS)

Quercetin nanoparticles morphology was observed
using a SEM (Quanta 3D FEG/ FEI) with 20 kV, a
collector bias of 300 V. The powder samples were
spread on a SEM stub and sputtered with gold before
the SEM observations.

3. Selection of Avian influenza virus strain
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The selected avian influenza virus strain was
Alchicken/Egypt/1575S NLQP/2015 of 107/ml EID50
of Accession Number EP1573317 (EpiFlu), obtained
from chicken, the strain was provided to Reference
Laboratory for veterinary quality control on poultry
production (RLQP).

4. Virus propagation on cell culture

Confluent monolayer of Madin-Darby Canine Kidney
(MDCK) adherent cell line was grown in T-25 tissue
culture flasks, cells were obtained from the Germany
Type Culture Collection (Lonza, Germany). The
growth media was discarded and washing the cells
was carried 3 times with PBS. 200 pl of the Al virus
was inoculated and the inoculum was allowed to be
adsorbed for 30 minutes in CO2 incubator at 37°C
and 5% CO2, then 5 ml of maintenance media
(DMEM with 5% Fetal bovine serum and 1%
penstrept) were added and the inoculated cell was
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incubated in CO2 incubator at 37°C and 5% CO2 for
3 days with daily observation for cytopathogenic
effect (CPE). The cells were harvested at 3rd day and
then reverse transcriptase PCR was performed for
H5N1 AIV confirmation.

5. Virus titration

Madin-Darby Canine Kidney (MDCK) cells were
seeded into a 96-well tissue culture plate at 2 x 10*
cells / well and 10 fold serial dilution of avian
influenza virus isolate were done with maintenance
medium. Growth media was discarded and the cells
were washed 3 times with PBS. A volume of 200 pl
from each dilution of the virus was inoculated in one
column of 96 well TC plate of monolayer MDCK
cells and the column No. 12 in the plate was kept as —
ve control (normal cells without virus). The
inoculated cells were incubated in CO2 incubator at
37°C and 5% CO2. The inoculated cells were daily
observed and CPE was recorded. TCID50 was
calculated by Reed and Muench (1938).

6. Cytotoxicity of Quercetin nanoparticles

For determination of the safest dose of the quercetin
nanoparticles on the cells, Madin-Darby Canine
Kidney (MDCK) cells were seeded into a 96-well
tissue culture plate at 2x10* cells / well. The quercetin
nanoparticles powder were reconstituted in deionized
water at concentration of 100 pg/ml then it was
serially diluted by 10 fold serial dilution using
maintenance medium. The growth media was
removed from the cells and the cells were washed 3
times with PBS. Each dilution of the quercetin
nanoparticles was inoculated in one column of the
plate; the last column in the plate was kept as —ve
control (normal cells without treatment). The plate
was then incubated in CO2 incubator at 37°C and 5%
CO2 for 48 hours with daily inspection for the
alteration of cell morphology. The highest
concentration of the quercetin nanoparticles causing
no or minimal morphological changes of the cells was
recorded compared with normal cells to be used

further in the antiviral assay later. The protocol was
described by Repetto et al. (2008).

7. CPE reduction assay (Antiviral assay) of
Quercetin nanoparticles

CPE reduction assay was used for evaluation of the
antiviral activity of the quercetin nanoparticles.
MDCK cells were seeded at 2 x 10* cells / well into a
96 well tissue culture plate the determined safe dose
of the quercetin nanoparticles (10pg/ml) was pre-
incubated with each dilution of the 10 fold serial
dilutions of Al virus at 37°C for 30 minutes. The
growth media was removed from the cells and the
cells were washed 3 times with PBS and inoculated
with the pre-incubated virus-quercetin nanoparticles
mixture then incubated in CO2 incubator at 37°C and
5% CO2 for 48 hours. After 48 hours post-infection,
the inhibition of virus replication was evaluated by
the reduction of cytopathic effect (CPE) induced by
the virus.

8. Statistical analysis

Differences between groups were analyzed by using
Independent Samples tTest. Statistical analysis was
performed using the Statistical software package
SPSS for Windows (version 20.0; SPSS Inc., Chicago
IL, USA). Statistical significance between mean
values was set at P< 0.001.

RESULTS

1.Quercetin nanoparticles characterization using
Scanning Electron Microscope (SEM):

The morphology of prepared quercetin nanoparticles
was studied using SEM. Quercetin nanoparticles
(QUENPS) formed at flow rate 10 ml/ min, S/AS
volume ratio 1:12, stirring speed 1300 rpm and drug
concentration 5mg/ml showed a particle size range
from 182nm to 240nm. QUENPs prepared by
solvation/anti-solvation  technique using syringe
pump showed smaller particles uniform in their size
and shape as shown in Figure, 2.

| 11/9/2017
11:43:53 AM

Fig.2: Scanning electron microscope (SEM) photograph showing quercetin nanoparticles
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2. Al virus propagation on MDCK

The Microscopic examination of the inoculated MDCK showed the CPE of the highly pathogenic avian
influenza virus H5N1; the infected cells showed destruction and complete detachment of the cell monolayer after

48 hours.

Fig. 3: (A) Showed destructed and detached cell monolayer after 48 hours post inoculation, (B) showed normal
MDCK (negative cell control) (100 X)

3. Al virus titration on MDCK cells

The infective titer of H5N1 avian influenza virus
(A/chicken/Egypt/1575S NLQP/2015) on MDCK
was 7 log10 TCID50/ml.

4. Cytotoxicity of Quercetin nanoparticles

The results of cytotoxicity of quercetin nanoparticles
revealed that only the concentration of 100 pg/ml
showed sloughing of the MDCK cells and vacuoles in
the cell monolayer while all the 10 fold serial
dilutions from 10? to 10 had no significant
cytotoxic effect on cells.

Fig. 4: (A): MDCK cells treated with the quercetin nanoparticles of concentration 100ug/ml had cytotoxic
effect on cells which showing sloughing and vacuoles, (B): MDCK cells treated with dilution 10ug /ml of
quercetin nanoparticles showing no morphological changes in the cells (100 X).

5. CPE reduction assay of Quercetin nanoparticles
The antiviral activity of the quercetin nanoparticles
against avian influenza virus was evaluated by CPE
inhibition on MDCK cell line and the results of CPE
reduction assay revealed that the quercetin
nanoparticles had a significant inhibitory effect on the
avian influenza virus H5N1 as the virus titer (7 log10
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TCID50/ml) decreased significantly (3.67 + 0.33)
after treatment with quercetin nanoparticles at
concentration of 10ug/ml in comparison to the
MDCK cells infected with the avian influenza virus
not treated with quercetin nanoparticles (7.00 £ 0.00),
fig (6). The CPE reduction assay was repeated twice
with similar results.
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Fig. 5: (A) MDCK cells infected with avian influenza virus not treated with quercetin nanoparticles showing the
CPE of AlIV; detached and destructed cells, (B): MDCK cells infected with avian influenza virus treated with
quercetin nanoparticles dilution 10pg/ml showing inhibition of the virus CPE (100 X).

ANTI-VIRAL ASSAY

O B N W b U1 O N

Titer

H Virus only

B Virus+ QUENPS (10 pg/ml)

Fig. 6: Anti-viral (anti-cytopathic) effect represented as Log 10 TCID 50/ml. QUENPS: quercetin nanoparticles

DISCUSSION

Recently, a number of research reports highlighted
the anti-influenza activity of quercetin and its
derivatives and proved that quercetin has potent
inhibitory effect on influenza virus infection either
through acting as anti-influenza targets, specifically
targeting viral proteins such as HA (Choi et al.,
2009), NA ( Gong et al., 2009) and M2 (Moorthy et
al., 2014) and viral messenger RNA (mRNA)
replication (Nakazawa et al., 2008 and Clark et al.,
2014) or through playing an important role in
stimulating the cellular immune response (Gao et al.,
2001; Jassim and Naji 2003; Chu et al., 2007 and
Gansukh et al., 2016). The mentioned unique
mechanism of quercetin in combating the influenza
virus beside its great potential to overcome drug
resistance through its robust stable binding ability
with emergent H7N9 neuraminidase mutant nominate
this compound to become on the top of the most
promising antivirals against influenza virus in the
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near future (liu et al., 2015), one of the key
challenges related to its use as an anti-influenza
remedy is its low solubility and poor bioavailability.
Nanotechnology offers an optimal solution for
overcoming the limitation of quercetin in
pharmaceuticals via its formulation in the form of
nanoparticles, nanocapsules or micelles which
appears to enhance the solubility and bioavailability
of quercetin to maximize its benefits and provide
optimize its effectiveness (Wina and Feng 2006 and
Gansukh et al., 2017).

Multidisciplinary research offers great opportunities
for solving the scientific issues, from this prespective
the current study is designed to fabricate quercetin
nanoparticles and determine its efficacy as a new
antiviral against H5N1 influenza virus and as a new
approach within the continuous efforts for facing the
potential influenza pandemic threating the globe.
Here, quercetin  nanoparticles prepared by
solvation/anti-solvation technique using syringe
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pump showed smaller particles with uniform in their
size and shape. The mentioned behavior can be
explained by main factors including, the
concentration influence on the viscosity and the
nuclei number formed in the interface of solvent/anti-
solvent (Al-Jameel and Abd EI-Rahman 2017).
Moreover, fabrication of quercetin nanoparticles is
influenced by important parameters including solvent
to anti-solvent ratio, stirring speed and flow rate.
Enhancing of the former parameters reduces the
particle size of quercetin (Kakran et al., 2012).
Regarding with the solvent / anti-solvent ratio
parameter, the given particles size in the current study
was182-240 nm at S/AS ratio of 1:12 and this result
was better compared to that obtained by Kakran et al.
(2011) (220nm at S/AS ratio of 1:25).

To answer an interesting question about the safety of
quercetin nanoparticles on the cells here, cytotoxicity
assay were performed on MDCK cells to determine
the safest dose of quercetin nanoparticles used in the
cells.  Although  quercetin  nanoparticles at
concentration of 100pg/ml showed sloughing of the
MDCK cells, the all 10 fold serial dilutions from 10
to 101° had no significant cytotoxic effect on cells
and this is an excellent opportunity to introduce the
most safe and effective nanoparticle concentration for
drug delivery.

Our study is considered the preliminary report to
investigate the antiviral activity of quercetin
nanopaticles (particle size 182-240nm) on H5N1 AlV
by CPE reduction assay on MDCK cell line, the
results revealed that, the determined safe dilution
10pg/ml had a significant inhibitory effect on the
avian influenza virus H5N1 (EPI1573317) affecting its
replication through reducing the virus titer from 7.00
+ 0.00 (log 10 TCID 50/ml) to 3.67 + 0.33 (log 10
TCID 50/ml). The former findings were supported by
a previous study that confirmed that, quercetin could
inhibit the entry of different divergent strains of
H5N1 pseudviruses through interferening with the
function of HA envelope protein (specifically
targeting HA2 subunit) (Wu et al., 2016).
Furthermore, the former author and co-collaborates
call for serious efforts regarding the modification of
quercetin to enhance its pharmacokinetics and
pharmacodynamics which inspired us to conduct our
study and our preliminary results encouraged us to
take initiative steps in the in-vivo studies later.

CONCLUSION

In our study, we found that, quercetin nanoparticles
possessed anti-influenza activity and subsequently it
may be considered as an excellent formulation for the
enhancement of antiviral potency, reducing drug
dosage and overcoming the emergence of drug
resistance. It is expected that quercetin nanoparticles
may be the drug of choice in treatment and prevention
of influenza infection in the near future.
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