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Abstract

Keywords

Infectious diseases contribute major sickness of the residential area and resistance towards
synthetic anti-bacterials is a major concern. Quercetin is a bioactive flavonoid nutraceutical.
Its biopharmaceutical applications are limited due to poor solubility and low bioavailability.
Quercetin loaded poly lactic Co glycolic acid (PLGA) nanoparticles were prepared by the
solvent displacement method. Nanoparticles were characterized and their antibacterial
potential was found in vitro against gram positive and negative bacteria using the broth dilution
method. Comparative pharmacokinetics of plain quercetin and quercetin loaded nanoparticles
were conducted in rabbits. Plasma samples were analyzed for the quercetin using
spectrophotometer. The values of pharmacokinetic parameters such as AUC, clearance, Vd,
Tmax and Cmax were 183.4±3.94 h.mg/L, 0.13±0.01 L/h, 1.53±0.78 L, 11.19±0.28h, and
5.98±1.24 mg/L respectively for pure quercetin and were 1616 ± 5.71 h.mg/L, 0.01 ± 0.00 L/h,
0.50 ± 0.03 L, 18.50 ± 0.34h, and 27.65 ± 1.21 mg/L respectively for quercetin nanoparticles.
This study indicated that the pharmacokinetics of quercetin nanoparticles has been
significantly improved.
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Introduction

Quercetin, a nutraceutical is mainly present in
onions and green tea. Quercetin has various beneficial
pharmacological activities such as anti-cancer, antioxidant, and anti-platelet (Bagad & Khan, 2015).
Encapsulation of quercetin in poly lactide-Co-glycolide
(PLGA) nanoparticles enhances its antibacterial
efficiency hence providing an alternative approach for
resolution of solubility, stability and bioavailability
issues associated with simple administration of quercetin
(Kumar et al., 2016). PLGA nanoparticles are innovative
and suitable drug delivery system for quercetin delivery.
PLGA is a biodegradable and biocompatible polymer
which degrades to lactic acid and glycolic acid in the
body (Makadia & Siegel, 2011; Danhier et al., 2012). We

Bacterial infections are the most usual reason of
diseases worldwide. Resistance has been emerged
against most of synthetic drugs used for these infections.
In addition, synthetic drugs also cause various adverse
effects on human health. Efforts are focused on the
discovery of other therapeutic options for treating
infections (Woźnicka et al., 2013). The conventional
drug delivery systems are deprived of target specificity
that’s why drugs are distributed in all body tissues
resulting in other side effects. That’s why there should
be a dosage form which ensure targeted delivery of drugs
(Wang et al., 2014).
*Corresponding author: Email: Bushra.akhtar@uaf.edu.pk
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have reported the use PLGA nanoparticles in
detoxification (Nguyen et al., 2016; Muhammad et al.,
2017) as well as in drug delivery (Akhtar et al., 2019;
Anwar et al., 2020). Quercetin loaded PLGA
nanoparticles are easy to prepare and can be
administered by a number of routes, but the oral one is
the most convenient, common and has greater patient
compliance (Roger et al., 2010).
Despite of having a broad range of therapeutic
effects, quercetin use in clinical practice is limited owing
to little oral bioavailability, hydrophobicity, and
insolubility. Certain drugs, when administered orally,
lead to deterioration of active ingredients due to low
stomach pH. These problems can be overcome by
encapsulating the drug in polymeric nanoparticles.
Polymeric nanoparticles can be easily internalized and
transported through colon (Mukhopadhyay & Prajapati,
2015). Keeping in mind the above scenario, the study
was aimed to enhance the solubility and oral
bioavailability of quercetin. For this purpose, quercetin
was encapsulated in PLGA nanoparticles. In vitro
antibacterial potential was determined. Comparative
pharmacokinetics study was done in rabbits to determine
the significant difference between quercetin and
quercetin loaded PLGA nanoparticles.
Materials and Methods
Materials: Poly lactic co-glycolic acid, Resomer ® RG
502 H, (MW= 7000-17,000 and acid-terminated) was
purchased from Sigma Aldrich (St Loius, USA).
Chitosan was purchased from Sigma-Aldrich (St Loius,
USA) with MW=140,000-220,000 and white
mushrooms as biological source. Polyvinyl alcohol
(PVA) 1500 was purchased from Duksan pure
chemicals, Korea. Nutrient broth was purchased from lab
M. Limited, Lancashire, UK. Dimethyl sulfoxide
(DMSO), acetone, methanol, acetic acid and ascorbic
acid were purchased from Sigma-Aldrich. All the
chemicals used in study were of analytical grade.
Preparation of Quercetin loaded nanoparticles:
PLGA nanoparticles were prepared following solvent
displacement method with some modifications (Tefas et
al., 2015). Five percent aqueous polyvinyl alcohol
solution was prepared. Poly lactic co glycolic acid
(100mg) and quercetin (10mg) were added in 10mL of
acetone. This solution was mixed homogeneously with
vortex mixer. Polyvinyl alcohol (20mL) solution was
taken in a beaker on magnetic stirrer under 1200 rpm at
25°C. PLGA and quercetin solution was added in PVA
solution drop wise for homogenous distribution of drug
and polymer in the formulation.
Purification of nanoparticles: After freshly preparing
the dispersion of nanoparticles, it was kept on magnetic
stirrer for 4 hours at 40°C, so that the organic phase
(acetone) was completely removed. The remaining
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dispersion was then centrifuged at 25000 rpm for half an
hour at 25°C. The pellet of nanoparticles was settled
down. Then pellet was dispersed in distilled water on
vortex mixer. The dispersion was sonicated for 10
minutes for further complete homogenization.
Characterization of quercetin loaded PLGA
nanoparticles
Size and potential of nanoparticles: The prepared
nanoparticles were characterized for size, potential and
poly dispersity index by using Zetasizer Nano-ZS90.
Standardization of UV-visible spectrophotometric
method for quercetin detection: The different dilutions
of concentrations 5µg/mL, 10µg/mL, 15µg/mL,
20µg/mL, and 25µg/mL were prepared in methanol. The
maximum wavelength (λmax) of quercetin was
determined by taking wavelength scan at UV-visible
spectrophotometer. A standard curve was created using
concentration and relative absorbance data.
Determination of encapsulating efficiency: Quercetin
loaded nanoparticles were centrifuged at speed of 25000
rpm for 30 minutes at 25°C. The resulting supernatant
was analyzed at 300 nm by using ultraviolet visible
spectrophotometer. For the determination of
encapsulating efficiency, the standard curve (described
above) was used. It was calculated by following the
given formula; (Bagad & Khan, 2015).
% Encapsulating Efficiency =

𝑄𝑢𝑒𝑟𝑐𝑒𝑡𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠
× 100
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑞𝑢𝑒𝑟𝑐𝑒𝑡𝑖𝑛 𝑢𝑠𝑒𝑑

In vitro determination of minimum inhibitory
concentration: Using broth dilution method with minor
modifications, MIC of quercetin loaded PLGA
nanoparticles was determined. Stock solution of QueNPs
was prepared in 10% dimethyl sulfoxide (DMSO). Then
different dilutions of QueNPs (1-100 ug/ml) were
prepared in DMSO. In each dilution, 0.1 mL of tested
strains inoculum (Staphylococcus aureus, Escherichia
coli) was poured and incubated for 24 h at 37 °C. The
presence of turbidity showed growth of bacteria. The
concentration at which there was no growth of bacteria
(no turbidity) was regarded as MIC of quercetin
nanoparticles. Dilutions of 10% dimethyl sulfoxide
(DMSO) were also incubated with tested strains to serve
as a negative control (Tuo et al., 1923; Jaisinghani, 2017;
Altaf et al., 2019; Lin et al., 2020).
Pharmacokinetic study of quercetin nanoparticles:
The in vivo pharmacokinetics study was performed using
rabbits as experimental animals. All the protocols and
procedures followed for animals handling, drug
administration and sampling were reviewed and
approved by Institutional Biosafety and Bioethics
Committee (IBC), University of Agriculture, Faisalabad.
Rabbits (n=6) were purchased from local market of
Faisalabad and kept in animal house of Institute of
Physiology and Pharmacology, University of
Agriculture, Faisalabad, Pakistan. Animals were
acclimatized for one week and 25mg/kg pure quercetin
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in distilled water was given orally to each rabbit. The
blood samples were collected at 0 h, 0.5 h, 1 h, 2 h, 4 h,
and 8 h, 12 h, and 24 h intervals in the heparinized vials.
Blood was collected and analyzed for quercetin
determination by UV-visible spectrophotometer as
described above. After one week of wash out period,
25mg/kg QueNPs were administered orally to all the
rabbits. The blood samples were collected and processed
as described above (Biasutto et al., 2010).
Pretreatment of blood samples for analysis: The
quercetin concentration in blood was determined
following the method of (Biasutto et al., 2010). 1 mL
blood from each dilution and samples were taken in mini
test tubes. Then 0.1mL of ascorbic acid solution (0.01
M) and 0.1mL of acetic acid solution (0.6M) were added
in each mini test tube and was mixed well. Acetone (4
mL) was added to them and sonicated for 2 min. All
samples were centrifuged at 3000 rpm for 5 min.
Supernatant was removed and absorbance was
determined by UV-visible spectrophotometer.
Determination of pharmacokinetic parameters: The
Pharmacokinetic parameters were determined by linear
regression method using APO software version 3.2 (A
Mediware
Product).
The
classical
clinical
pharmacokinetics parameters were recorded e.g. area
under the curve, volume of distribution, absorption and
elimination half-life, clearance etc.
Statistical analysis: All values were expressed in terms
of average ± SEM. Pharmacokinetic data was subjected
to analysis of variance (ANOVA) followed by student’s
t test to check the significance (p ≤ 0.05).

ampicillin against tested strains of bacteria. The results
revealed that the MIC of pure quercetin and QueNPs
were less against the tested strains in comparison to
commercially available ampicillin.
In vivo pharmacokinetic study of quercetin in rabbit
blood: In vivo pharmacokinetic study of quercetin in
rabbits was done by orally administering pure quercetin
and quercetin loaded PLGA nanoparticles at a dose rate
of 25mg/kg body weight. The mean concentration-time
curve of the pure quercetin and quercetin PLGA
nanoparticles have been shown in Figure 4,
demonstrating that the concentration-time curve was
best described by two-compartment model for quercetin.
The pharmacokinetic parameters of pure quercetin
showed that Cmax of quercetin in rabbit blood was 5.98
± 1.24 mg/L while Tmax was 11.19 ± 0.28 h. While the
pharmacokinetic parameters of QueNPs showed that
quercetin was absorbed at a higher concentration in
rabbit, with Cmax of 27.65 ± 1.21 mg/L and Tmax of
18.50 ± 0.34h. The values of pharmacokinetic
parameters such as area under curve, clearance, volume
of distribution, time to peak concentration (Tmax.), peak
concentration (Cmax.) were 183.4±3.94 h.mg/L,
0.13±0.01 L/h, 1.53±0.78 L, 11.19±0.28h, and
5.98±1.24 mg/L respectively for pure quercetin and were
1616±5.71 h.mg/L, 0.01±0.00 L/h, 0.50±0.03 L,
18.50±0.34h, and 27.65±1.21 mg/L respectively for
QueNP (as shown in Table 1). The other
pharmacokinetic parameters of QueNPs and pure
quercetin has been described in Table 1.

Results

Nanoparticles are very important drug carrier
systems (Aziz et al., 2020). Preparation of nanoparticles
depends upon the interaction of PLGA with aqueous
phase. Nanoparticle size depends upon ratio of PLGA
and quercetin and stirring speed. Biological performance
of nanoparticles will vary based upon the size
characteristics. The behavior of nanoparticle based drug
delivery systems depends on the physical and chemical
properties of the nanoparticles, like entrapment
efficiency, zeta potential, polydispersity index and
particle size. The prepared nanoparticles exhibited
diameter of 243.3 nm which is ideal size of nanoparticles
for biological applications. The size distribution curve
for QueNPs was represented in Figure 1(A). In the curve
it was estimated that the prepared nanoparticles showed
unimodal and narrow curve of size distribution system.
Passive targeting for nanoparticles was supposed
because the particle size of the prepared formulation was
within 100 to 300nm range.
Nanoparticles showed polydispersity index of 0.131
(Figure 1C). Polydispersity index is a measure of proper
distribution of nanoparticles within the formulation. In
the nanoparticles formulation, polydispersity index was
an indicative of similar sized mono-dispersion system of

Characterization of Nanoparticles: The behavior of
nanoparticles based drug delivery systems depends on
the physical and chemical properties of the
nanoparticles, like entrapment efficiency, zeta potential,
polydispersity index and particle size. The prepared
formulation exhibited diameter of 243.3 nm and
polydispersity index of 0.131 as represented in Figure
1(A) and 1(C). The zeta potential value of prepared
nanoparticles was -1.83mV as shown in Figure 1(B). The
solubility of quercetin has also been increased in the
form of nanoparticles versus in conventional form as
shown in Figure 1(D).
Entrapment efficiency: Entrapment efficiency was
calculated from standard curve of known dilutions of
quercetin as represented in Figure 2(A) and 2(B). The
encapsulation efficiency of the prepared nanoparticles
was 84% as determined by using above mentioned
formula.
Determination of minimum inhibitory concentration:
Figure 3 showed the minimum inhibitory concentration
of pure quercetin, quercetin loaded nanoparticles, 10%
DMSO (as negative control) and commercially available

Discussion
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Table 1: Comparative Pharmacokinetic parameters of pure Quercetin and Quercetin loaded PLGA nanoparticles.
Parameter
Unit
Quercetin Mean ± SEM
Quercetin loaded nanoparticles Mean ± SEM
t1/2 (elimination)
H
7.85 ± 3.50a
23 ± 0.22b
Vd Steady state
L
1.53 ± 0.78 a
0.50 ± 0.03 b
CL
L/h
0.13 ± 0.01 a
0.01 ± 0.00 b
Tmax.
H
11.19 ± 0.28 a
18.50 ± 0.34 b
Cmax.
mg/L
5.98 ± 1.24 a
27.65 ± 1.21 b
AUC
h.mg/L
183.4 ± 3.94 a
1616 ± 5.71 b
MRT
H
22.49 ± 1.26 a
44.57 ± 0.64 b
Values bearing different alphabet superscripts in rows are significantly different (p≤0.05)

Figure 1: Characteristics of prepared nanoparticles: (A): size of nanoparticles, (B): Zeta potential of nanoparticles, (C)
Polydispersity index, (D) Solubility of quercetin versus nanoparticles of quercetin.

Figure 2: UV-Visible absorbance of quercetin: (A): Standard curve of quercetin by UV-visible spectroscopy, (B):
Entrapment efficiency of nanoparticles.
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Figure 3: Minimum inhibitory concentration of Quercetin
and Ampicillin against S. aureus and E.coli.

Figure 4: Plasma concentration versus time profile of pure
quercetin and quercetin loaded nanoparticles.

nanoparticles (Figure 1C). The results are comparable
with another study which involved QueNPs preparations
using a solvent displacement method and the prepared
formulation exhibited mean diameter 399.6 nm with
narrow distribution ploydispersity index 0.262 (Pool et
al., 2012). The study utilized higher MW (60kDa)
PLGA. The higher MW of the PLGA used in this study
increased the viscosity of the internal phase, leading to
decrease net shear stress hence producing large
nanoparticles.
Determination of measuring zeta potential of
nanoparticles is a method for figuring out the
nanoparticles surface charge within the formulation.
During the preparation steps of nanoparticles, a surface
charge is imparted onto nanoparticles that attract ionic
layer of contrary charge nanoparticle. This dual layer of
ions moves along with nanoparticles. The superficial
electrical potential on the circumference of the double
layer is known to be the zeta potential of that particles.
The values of zeta potential greatly vary between +100
mV to -100 mV. Zeta potential is the determinative
factor for stability of nanoparticles dispersion.
The nanoparticles dispersion is said to be highly
stable if its zeta potential values are within ±25mV
range. The nanoparticles dispersions, having low values
of zeta potential lead to accumulation of nanoparticles
due to inter particles van der waal’s interactions.
Meanwhile, the nanoparticles dispersion having higher
values of zeta potential lead to the most stable
formulation, because strong inter-particle repulsion
decreases the potential of nanoparticles aggregation. The
zeta potential value of the prepared formulation was 1.83 mV as shown in Figure 1(B). The negative zeta
potential is important in prolongation of nanoparticles
circulation within the body fluids and also helpful in
drug delivery systems as we previously described in
another study (Akhtar et al., 2020b). This negative
charge value is attributed to the carboxyl group of PLGA
(Platel et al., 2016). Another study the QueNPs
formulation prepared by utilizing nano-precipitation
(solvent displacement) technique showed nanoparticles

diameter of 148.6 nm, poly-dispersity index 0.088 and
zeta potential value of -27 mV (Pimple et al., 2012).
The encapsulation efficiency of nanoparticles was
84% (Figure 2B), which is comparatively higher in
comparison to other reported studies (Pool et al., 2012)
where 41.36% of encapsulation efficiency of quercetin
in PLGA nanoparticles was obtained. The results are
comparable with another study (Akhtar et al., 2020a).
Our higher entrapment efficiency might be attributed to
relatively higher PLGA nanoparticle size to
accommodate more quercetin.
In this study, the MIC of free quercetin and QueNPs
were evaluated by broth micro dilution technique. In the
broth micro dilution technique, MIC was determined
with spectrophotometric analysis due to formation of
turbidity. That’s why quercetin gave absorbance value at
570 nm. The solution of pure quercetin in DMSO
produced insoluble turbidity formation and resulted in
false positive outcomes. Nanoparticles are the efficient
carrier system for lipophilic drugs, so the above
condition was not investigated for quercetin PLGA
nanoparticles.
The results of minimum inhibitory concentration
revealed that values of MIC for pure quercetin and
quercetin PLGA nanoparticles were too small in
comparison to commercially available ampicillin (Figure
4). We may conclude that quercetin in PLGA
nanoparticles can be used clinically against different
infectious diseases caused by the tested strains. The
results of 10% DMSO showed that DMSO had
antibacterial activity at very high concentrations.
The results showed that there was no considerable
difference in MIC of pure quercetin and quercetin PLGA
nanoparticles. We may conclude that PLGA
nanoparticles did not significantly decrease the MIC
values. This could be answered by the sustained,
programmed and passive erosion of quercetin from
PLGA nanoparticles. (ARASOĞLU et al., 2017).
Observed that the antibacterial activity depends on the
amount of dose and not on the sustained and controlled
release of quercetin. However, the sustained and
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controlled release behavior of QueNPs helps in
maintaining specific concentration of quercetin for
longer time period which is quite important in microbial
inhibition.
Another study utilized the colony count disc
diffusion method for determining the susceptibility of
bacterial strains. This study showed that E. coli was more
susceptible to QueNPs than Micrococcus tetragenus.
The MIC value of E.coli was 5µg/mL whereas in this
study the MIC value of E.coli was 1.89µg/mL. (Sun et
al., 2016).
Quercetin levels in whole blood were determined
after oral administration of pure quercetin and QueNPs
by UV-visible spectrophotometric analysis (shown in
figure 2A). The classical pharmacokinetic parameters
were determined by APO software. The mean plasma
concentration-time profile of the investigated pure
quercetin and QueNPs were shown in Figure 4,
demonstrating that the concentration-time profile was
best described by two-compartment model for quercetin.
Pharmacokinetic parameters of pure quercetin and
quercetin PLGA nanoparticles were compared by
drawing their average concentration curves versus
respective time intervals. The values of pharmacokinetic
parameters such as area under curve, clearance, volume
of distribution, time to peak concentration, peak
concentration were 183.4 ± 3.94 h.mg/L, 0.13 ± 0.01 L/h,
1.53 ± 0.78 L, 11.19 ± 0.28h, and 5.98 ± 1.24 mg/L
respectively for pure quercetin while values for QueNP
were 1616 ± 5.71 h.mg/L, 0.01 ± 0.00 L/h, 0.50 ± 0.03
L, 18.50 ± 0.34h, and 27.65 ± 1.21 mg/L respectively.
The elimination half-life of Quercetin was increased
(23±0.22 h) significantly after loading in PLGA
nanoparticles in comparison to plane quercetin (7.85 ±
3.50 h).
The increase in Cmax, Tmax and half-life values
after administering QueNPs can be explained by
controlled and sustained release of quercetin from PLGA
nanoparticles. PLGA prevents the rapid degradation of
quercetin in gastrointestinal tract as well which aids in
greater concentration of quercetin in blood. PLGA
nanoparticles also contribute to enhanced and easy
penetration of QueNPs across the gastrointestinal
membrane. That’s why the values of clearance and
volume of distribution of QueNPs were decreased in
comparison to pure quercetin.
Conclusion: Present study suggests that quercetin
loaded nanoparticles might prove a better therapeutic
alternative for treatment of bacterial infections. Further
better pharmacokinetic profile was achieved which
suggest that this formulation might be used as controlled
release preparation with enhanced bioavailability.
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