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A B S T R A C T

Quercetin, one of the most abundant of plant flavonoids, has been studied with a great deal of attention
over the last several decades mainly for its properties in inflammation and allergy. In this study, we are
reporting for the first time the in vivo immunostimulatory activity of quercetin in ovalbumin immunized
Balb/c mice. Administration of quercetin (50 mg/kg body weight) along with ovalbumin antigen showed
increased ovalbumin specific serum IgG antibody titres in comparison to the control group (p < 0.05).
Quercetin administration not only showed predominance of Th2 immune response by increasing the
IgG1 antibody titres, but also increased the infiltration of CD11c+ dendritic cells in the mouse peritoneum
and also increased LPS activated IL-1b and nitric oxide (NO) production by peritoneal macrophages.
Expression of Tbx21, GATA-3 and Oct-2 proteins also enhanced in splenocytes of quercetin administered
mice. Quercetin also did not cause any hemolysis in human RBCs. Overall, our findings strongly
demonstrate the novel in vivo immunostimulatory and adjuvant potentials of quercetin.

© 2017 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The discovery of novel plant compounds with immune system
modulating activities has become an increasingly important area
of research, particularly in the search for new-generation vaccine
adjuvants [1]. There are many natural products, often extracted
from plants which directly activate immune cells [2]. The discovery
of such compounds could result in the development of new
adjuvants for vaccines and drugs for the treatment of diseases such
as allergy and cancer [3]. Flavonoids include a large group of low
molecular weight polyphenolic secondary plant metabolites which
can be found in fruits and vegetables, and plant derived beverages
such as tea, wine and coffee [4]. They are polyphenolic compounds
and display a variety of biological effects, such as antioxidation,
anti-inflammation and protection against tumors [5]. In addition,
flavonoids have been shown to regulate immune responses [6].
There are several subclasses in the flavonoid family. Quercetin, a
typical member in the flavonol subclass, is one of the most
Abbreviations: LPS, lipopolysaccharide; DC, dendritic cells; DMSO, dimethyl
sulfoxide; PBS, phosphate buffered saline; NO, nitric oxide; RBCs, red blood Cells;
ELISA, enzyme linked immunosorbent assay.
* Corresponding author at: Immunomodulation Laboratory, Defence Institute of

Physiology & Allied Sciences, Lucknow Road, Timarpur, Delhi, 110054, India.
E-mail address: divyasingh2k8@gmail.com (D. Singh).
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common flavonoids in the diet. Its wide range of biological
activities have been discussed for several decades. The immuno-
modulatory activity of quercetin has been investigated in NK cells,
macrophages, mast cells, neutrophils, B cells, and T cells [7]. The
effect of quercetin exhibiting antioxidant and anti-inflammatory
properties has been extensively studied in the past few years [8–
12]. Also, quercetin inhibits a broad spectrum of protein kinases by
its capability to compete with the binding of ATP at the nucleotide
binding site [13]. In addition, quercetin inhibited LPS induced DC
activation [7]. Although, a number of such reports have confirmed
the immunosuppressive actions of quercetin, the in vivo immu-
nostimulatory and adjuvant activity of quercetin has not been
explored and reported so far. In a recently published report,
quercetin and its enzymatic derivative were shown to have
immunostimulatory potential by increasing TNF-a and IL-6
production via increased nuclear translocation of NF-kB transcrip-
tion factor [14].

Oral administration of quercetin has been reported to protect
the irradiation-induced impairment of immune system [15].
Quercetin also increases Th1 response by in vivo administration
and inhibits ova challenged asthmatic reactions [16]

Many of the plant derived extracts and compounds that are
reported to have adjuvant activity with different antigens, are rich
in flavonoids which may contribute to their adjuvant activity.
Recently, the adjuvant property of supercritical extracts from
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seabuckthorn leaves in balb/c mice immunized with tetanus and
diphtheria toxoids has been reported [17]. Therefore, in this study
we have studied the in vivo immunomodulatory activity of
quercetin in ovalbumin (Ova) immunized Balb/c mice that assisted
in boosting the antigen specific humoral immune response.

The in vivo adjuvant potential of quercetin reported here is a
novel finding that can be further explored for its intracellular
mechanistic aspects and as an adjuvant candidate.

2. Materials and methods

2.1. Reagents

Culture RPMI 1640 medium, LPS (Escherichia coli O26:B6),
Quercetin (>95%, powder), Ficoll-hypaque, Griess reagent, Dimeth-
yl Sulfoxide (DMSO), 0.1 M DTT, cocktail of protease inhibitors,
Tween-20, Bovine Serum Albumin (BSA) and 10% NP-40 were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Protein assay
reagent was purchased from Bio-Rad (USA). 1 M HEPES, 0.5 M
EDTA, 0.1 M EGTA, 2 M KCl were obtained from Qualigens Fine Q5
Chemicals (India). Cytokine ELISA kits were purchased from
eBiosciences (Minneapolis, MN, USA). Antibodies for western
blotting were purchased from Sigma-Aldrich (St. Louis, MO, USA).

Ammonium chloride (NH4Cl), Potassium Chloride (KCl), sodium
chloride (NaCl), Sodium carbonate (Na2CO3) Sodium bicarbonate
potassium di hydrogen phosphate (KH2PO4), Di sodium hydrogen
phosphate (Na2HPO4), sulfanilamide, naphthylene diamine, ortho-
phosphoric acid, phosphate buffered saline, and ethyl alcohol were
obtained from Qualigens Fine Chemicals, Mumbai, India. Purified
Chicken Egg Ovalbumin (Ova) was purchased from Alpha
Diagnostics, USA.

2.2. Experimental animals

Healthy, 8–12 week old Balb/c mice of either sex, weighing 25–
30 g, were used for the experiments. The animals were maintained
in the Experimental Animal Facility at DIPAS, under controlled
environment of 25 �1 �C and 12-h light-dark cycle. Handling of
animals and all the experiments were performed in accordance
with the regulations specified by the Institute's Animal Ethical
Committee and conform to the National Guidelines on the care and
use of laboratory animals, India.

2.3. Immunization protocol

Control group mice were primed intraperitonially (i.p.) either
with Phosphate Buffered Saline (PBS) or Quercetin (25 or 50 mg/kg
body weight) alone. Mice were given Ova (20 mg/mouse) (i.p) as
antigen control. All the mice were primed on day one followed by a
booster dose on day 21.

For evaluation of IgG titres, two different doses, Quercetin
(25 mg/kg body weight) + Ova or Quercetin (50 mg/kg body
weight) + Ova, were used. Blood samples were collected on day
28 for analysis of antibody titers in serum. Samples were stored at
�80 �C till analysed.
2.4. Estimation of Ova-specific total IgG antibody and isotypes in
serum

Antibody titers against Ova antigen were estimated in
individual sera samples by indirect ELISA. Briefly, 96- well
microtitre plates (Greiner, Germany) were coated with Ova
(2 mg/ml) constituted in 0.01 M PBS (pH 7.2) and incubated
overnight at 4 �C. The plates were washed thrice with wash buffer
[PBS containing 0.1% Tween-20 (PBST)] and blocked with 1% BSA
for 1 h at 37 �C. Plates were incubated with different dilutions
(1:1000, 1:5000, 1:10000) of sera samples. The wells were washed
thrice again with wash buffer and incubated for 2 h at 37 �C. Horse
Radish Peroxidase (HRP) conjugated rabbit anti-mouse IgG, diluted
in PBST was added to the wells as secondary antibody. Plates were
incubated at 37 �C for 1 h and washed thrice with PBST. The enzyme
reaction was visualized with orthophenylene diamine substrate in
citrate phosphate buffer with H2O2 as an oxidizing agent. The
reaction was stopped after 10 min by addition of 50 ml of 2N H2SO4

and the absorbance was measured at 450 nm in an ELISA reader
(Biotek, US).

2.5. Hemolytic assays

Heparinised blood samples were obtained from healthy
individuals after getting informed consent. Samples were washed
three times with 0.9% w/v NaCl, endotoxin free sterile saline
solution by centrifugation at 1500 rpm for 5 min. Pellet was diluted
in 0.5% saline solution for making the celll suspension. Equal
volumes of 0.5 ml of the cell suspension and different concen-
trations of quercetin (1.5–0.187 mg/ml) were mixed in saline
solution. Cell suspensions were incubated at 37 �C for 30 min, and
centrifuged at 2000 rpm for 10 min. Hemoglobin in the super-
natants was measured in 96-well microtitre plate by recording OD
at 412 nm (Biotek Instruments, USA). Saline and distilled water
were used as negative and positive controls respectively.

2.6. Ex vivo stimulation of peritoneal macrophages

After administration of booster on day 21, 4% thioglycollate was
injected intra-peritoneally. Immunized mice were euthanized after
72 h and peritoneal macrophages and splenocytes were aseptically
isolated as described elsewhere [18]. For the analysis of IL-1b
production, peritoneal macrophages (1 �106 cells ml�1) were
cultured in presence of LPS (1 mg/ml) for 48 h. Cell culture
supernatants were harvested and stored at �80 �C until used.

2.7. Measurement of NO

NO was measured as nitrite released from peritoneal macro-
phages. Cells from immunized mice were washed with PBS and
cultured at a density of 2 �106/ ml, in RPMI supplemented with
10% FCS and plated in 96-well culture plates. Culture was incubated
overnight at 37 �C in an atmosphere of 5% CO2 and 95% humidity.
Thereafter, 50% of media from each well was aspirated and
replenished with same amount of fresh media. LPS (1 mg/ml) was
added to each well and further incubated for 48 h. To measure
nitrite, 100 ml supernatant was mixed with an equal volume of the
Griess Reagent at room temperature for 10 min. Absorbance was
measured at 570 nm. NO estimation was carried out using standard
curve plotted against known quantity of sodium nitrite. Results
were represented in mM concentration obtained from mean
absorbance of triplicate wells of at least three independent
experiments.
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2.8. Cytokine IL-1b estimation by ELISA

ELISA for IL-1b was performed as per the manufacturer’s
protocol (eBiosciences). Briefly, ELISA plate was coated with
capture antibody and incubated overnight. Wells were washed
using PBST 0.5% and incubated for 1 h after adding assay diluents
then washed again. Samples and standards were added in the
wells, incubated for 2 h and the plate was washed again. Then
detection antibody was added and incubated for 1 h, after washing,
avidin-HRP conjugate was added, incubated for 30 min and the
plate was washed again. Finally substrate solution was added,
incubated for 15 min, and then the reaction was stopped using stop
solution. Absorbance was read at 450 nm using ELISA reader.

2.9. Flowcytometric evaluation of CD11c+ DCs and intracellular CD4+

IFN-g+/IL-4+ cells

Peritoneal cells isolated from mice immunized with Quercetin
and Ova were washed with PBS and stained with fluoresceinated
CD11c+ antibody (BD Biosciences) for 45 min in dark at room
temperature. For intracellular staining, asceptically collected
erythrocyte-depleted splenocytes (2 � 106 cells ml�1) were cul-
tured with or without Ova (50 mg/ ml) for 24 h. Brefeldin A (BD
Biosciences) was added to the culture medium, 2 h prior to the
completion of 24 h. Cells were harvested, washed twice with PBS
and stained with FITC conjugated CD4 antibody (BD Biosciences,
US) for 45 min. Cells were permeablized and fixed with cytoperm
and cytofix (eBiosciences) respectively and stained with fluo-
resceinated antibodies against IFN-g and IL-4 (BD Biosciences).
Further cells were washed with PBS and acquired and analysed on
FACSCaliburTM (BD Biosciences) using Cellquest-Pro software.

2.10. Immunoblotting for expression analyses of proteins Tbx21, GATA-
3 and Oct-2

Splenocytes and peritoneal cells isolated from the immunized
mice were used for preparation of whole cell lysates as described
Fig. 1. (A) IgG titres in 1000, 5000 and 10000 times diluted sera samples. PBS: Phosphate
(n = 6); Q50: Quercetin (50 mg/kg body wt.) (n = 6); Q25 + O: Quercetin (25 mg/kg bwt) + O
O.D. values � SEM. Independent samples T-test was employed for calculating statistical s
5000 and 10000 times diluted sera samples (n = 6). Ova: ovalbumin Q50 + O: Quercet
samples T-test was employed for calculating statistical significance. @p < 0.01 and *p <
earlier [19]. Equal quantities of protein samples (40 mg) were
resolved on 10% sodium dodecyl sulfate-polyacrylamide gels
following the method described by [20] and transferred to
polyvinylidene difluoride (PVDF) membranes (Millipore, India).

The membranes were incubated for 1 h with 3% BSA in TBS
buffer (0.1 M Tris–HCl, pH 7.4, 0.9% NaCl) to block non-specific
binding followed by washing with TBST20 (0.1% Tween-20 in TBS)
and incubation with primary antibody (Sigma). b-actin (Sigma)
was used as loading control. Antibodies against proteins Oct-2,
Tbx21 and GATA-3 were used to probe the proteins resolved on
PVDF membrane. Subsequently, the membranes were washed
thrice, for 10 min with TBST20 and incubated with secondary
antibody horseradish peroxidase (HRP)–conjugated IgG (BD,
Biosciences) against the primary antibody. The proteins were
detected by chemiluminescence (Sigma).

2.11. Statistical analyses

Statistical significance was calculated by applying Independent
samples T-test for comparing the control groups with the
experimental groups. p value < 0.05 was considered to be
significant.

3. Results

3.1. Enhancement of quercetin mediated antibody titres in ovalbumin
immunized mice

Mice were immunized with quercetin doses of 25 and 50 mg/kg
body weight, with and without Ova. Quercetin significantly
enhanced dose dependent IgG titres at different serum dilutions
in comparison to the IgG titres in Ova alone immunized mice
(Fig. 1). However, the control groups immunized with PBS or
quercetin alone (25 and 50 mg/kg body weight) did not increase
the IgG titres ruling out the immunogenic activity of quercetin
itself in the absence of Ova. Further, to analyse the IgG subtypes, we
estimated the IgG1, IgG2a, and IgG2b antibodies in the mice sera
 Buffered saline (n = 6); Ova: ovalbumin (n = 9); Q25: Quercetin (25 mg/kg body wt.)
va (n = 6); Q50 + O: Quercetin(50 mg/kg bwt) + Ova (n = 9). Bars represent the mean
ignificance. @p < 0.01 and *p < 0.05 vs Ova. (B) IgG1, IgG2a and IgG2b titres in 1000,
in(50 mg/kg bwt) + Ova. Bars represent the mean O.D. values � SEM. Independent

 0.05 vs Ova.



Fig. 3. Spontaneous and LPS induced IL-1b production in culture supernatants of
peritoneal cells from immunized mice (n = 5). Q + O: mice immunized with
Quercetin (50 mg/kg body wt.) + Ova; Ova: mice immunized with ovalbumin.
*p < 0.05.

Fig. 4. Spontaneous and LPS induced NO production in culture supernatants of
peritoneal cells from immunized mice (n = 6). Q + O: mice immunized with
Quercetin (50 mg/kg body wt.) + Ova; Ova: mice immunized with ovalbumin.
*p < 0.05.
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samples, where quercetin with Ova significantly increased IgG1
and IgG2b antibody titres. IgG2a titres did not show any
statistically significant increase.

3.2. Hemolytic activity of quercetin

Quercetin was tested at 4 different doses (1.5– 0.1875 mg/ml)
for its hemolytic activity in human blood samples and compared
with distilled water as positive control and 0.5% saline as negative
control. No significant increase in the percentage of hemolysis was
observed in cells treated with all quercetin doses in comparison to
the saline treated cells. Significant decrease (p < 0.01) in the
percentage of hemolysis was observed for quercetin doses in
comparison with positive control (Fig. 2).

3.3. Quercetin enhanced LPS mediated IL-1b and NO and production
in peritoneal macrophages from the immunized mice

Peritoneal macrophages isolated from Quercetin + Ova immu-
nized and mice treated with LPS, showed enhanced IL-1b and NO
production in comparison to the LPS treated cells from Ova alone
immunized mice. Untreated cells from both the groups showed no
difference in IL-1b and NO production (Figs. 3 and 4).

3.4. Quercetin mediated recruitment of CD11c+ DCs in peritoneum of
immunized mice and increased %CD4+IL-4+ cell population

Peritoneal cells isolated from Quercetin + Ova immunized mice
were stained with fluorescent labelled antibody for CD11c, a cell
surface expression marker for DCs. Quercetin administration
significantly enhanced the recruitment of CD11c+ cells in
peritoneum as compared to that of Ova immunized mice
(Fig. 5). To evaluate the Th1/Th2 immune response induced by
quercetin, we analysed % intracellular IFN-g and IL-4 producing
CD4+ cells in splenocytes by flowcytometry. Cells stimulated with
Ova in Quercetin + Ova immunized mice showed 2-fold increase in
%CD4+IL-4+ cell population as compared to Ova alone immunized
mice (Table 1).

3.5. Quercetin enhances Tbx21, GATA-3 and Oct-2 expression

Expression of transcription factors Tbx21, GATA-3 and Oct-2 in
splenocytes isolated from Quercetin + Ova immunized mice in
comparison to that in Ova immunized mice was determined by
Western Blots. Immunization with Quercetin + Ova increased the
expression of Tbx21, GATA-3 and Oct-2 proteins (Fig. 6).
Fig. 2. Hemolytic activity of quercetin. Hemolytic activity of different concentra-
tions of quercetin (1.5–0.1875 mg/ml) was measured in blood samples collected
from healthy volunteers (n = 3). The graph represents the mean values of percentage
of hemolysis � SEM. Distilled water (DW) was used as positive control showing
maximum hemolysis and saline was used as negative control which shows
minimum hemolysis. One Way ANOVA Dunett’s T3 test was applied to calculate
significance between the hemolytic activity of different concentrations of Quercetin
and positive control. p value < 0.05 was considered as significant.
4. Discussion

Among many of the different groups of natural products,
flavonoids are a group of chemical entities of benzo-pyrone
derivatives widely distributed in the plant kingdom. They are
mainly classified as chalcones, flavan-3-ols, flavanones, flavones
and flavonols, isoflavones, and bioflavonoids. Plant flavonoids are
known to show anti-inflammatory activity in vitro and in vivo [10].
Quercetin, the most abundant of plant flavonoids, exerts a
modulatory action on a variety of cells [8]. A number of studies
have demonstrated the anti-inflammatory and immunosuppres-
sive effects of quercetin both in vivo and in vitro. However, the
literature is replete with studies showing in vivo immunostimu-
latory and adjuvant activity of quercetin except in a one very recent
study where quercetin 3-O-xyloside activated murine macro-
phages to secrete TNF-a and IL-6 through up-regulation of the
redox-dependent ASK1/MAPK/NF-kB signaling pathway [14].
Adjuvants are immunostimulating agents, molecules, compounds,
or macromolecular complexes that boost the potency, quality, or
longevity of specific immune responses to antigens with minimal
toxicity [21]. Many natural products such as mineral salts,
microbial products, emulsions, saponins, cytokines, polymers,
microparticles, and liposomes show adjuvant properties [22]. In
this study, we are reporting a novel finding demonstrating that
quercetin when administered with ovalbumin significantly



Fig. 5. (A) Representative histogram of CD11c cell surface expression in peritoneal
cells from mice immunized with Quercetin with ovalbumin (Q + O) or without
ovalbumin (Ova). (B) Graph shows average median values � SEM (n = 5). *p < 0.05 vs
Ova.
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enhanced antigen specific serum IgG titres in mice. However,
quercetin when administered alone at two different doses, did not
elicit any antibody titres (Fig.1), clearly demonstrating its adjuvant
nature.

Classical adjuvants, such as aluminum salts, generally induce a
Th2-type immune response [23]. In our study, quercetin adminis-
tration modulated the induction of Th2 type of immune response
in Ova immunized mice with predominance of Th2 response as
evident by the significant increase in Ova specific IgG1 antibody
titres. IgG2a titres from Quercetin + Ova immunized mice were not
found to be statistically significant. Further, it also increased the
induction of IgG2b (Fig. 1).

One of the major drawbacks reported to be associated with
plant derived molecules is the induction of hemolysis of RBCs
which disqualifies them to be used for immunization purpose. In
our study, quercetin showed insignificant hemolytic effect on
human RBCs, wherein it can be considered safe for in vivo
administration (Fig. 2). Adjuvants also induce the release of pro-
Table 1
Percent CD4+IFN-g+ and %CD4+IL-4+ cell populations in ovalbumin stimulated splenocytes
Values represent the average % cell population � SEM.
inflammatory cytokines at the site of injection. Aluminium
adjuvants induce inflammasome pathways to further activate
production of cytokine IL-1b and IL-18 and can direct the humoral
immune response [24]. In a study [25], it was shown that Th2
differentiation in mouse DCs was apparently directed by the
specific secretion of IL-1b and IL-18. Our data demonstrates that
there is a significant increase in LPS induced IL-1b production by
the peritoneal macrophages of Quercetin + Ova immunized mice
(Fig. 3). Induction of IL-1b suggests the in vivo immunostimulatory
potential of quercetin in Ova-immunized mice which may further
be explored by elucidation of the role of inflammasomes.

NO is a gaseous free radical molecule with pleiotropic functions
in pathophysiology [26]. Many recent studies have reported the
inhibitory role of quercetin on NO production by negative
regulation of TLR-4 signalling and NF-kB pathways [27,28]].
Dietary supplementation of quercetin in mice inhibited LPS
induced NO production by peritoneal macrophages [29]. In
contrast, our data shows the increased production of LPS
stimulated NO production by peritoneal macrophages from
Quercetin + Ova immunized mice (Fig. 4). In a study, it was
demonstrated that inflammasome-driven IL-1b production facili-
tated to trigger inducible nitric oxide synthase (NOS2)-mediated
production of NO [30]. This supports our finding which could
possibly be attributed to the quercetin induced production of IL-1b
that induces increased nitric oxide synthesis. Our data is also
supported by a recent finding [14], where Quer-xyl dose-
dependently induced the inducible NOS expression and increased
the production of NO.

Stimulation of the innate immune system defines and shapes
the adaptive immune responses [31]. Immunostimulators and
adjuvants induce recruitment of various innate immune cells such
as monocytes and dendritic cells, to the site of injection, some of
which then traffic the antigen to the draining lymph nodes to
induce specific immune responses. Efficient antigen presentation
and activation of DCs is important for the induction of adaptive
immune response. Studies [23,32,33] have shown that intra-
peritoneal injection of Ova and alum led to uptake of antigen and
maturation of DCs. In our study also, we have shown enhanced
recruitment of CD11c+ DC population in Quercetin + Ova immu-
nized mice (Fig. 5) clearly demonstrating the adjuvant potential of
quercetin.

The transcription factor, Oct-2 expression is restricted to B cells
and neuronal cells and it has an ability to bind with high affinity to
the conserved octamer DNA motifs found in Ig gene promoters and
enhancers [34,35]. Increased Oct-2 expression appears to be
responsible for the increased IgG titres by quercetin in this study
(Fig. 6).

The differentiation of naive T-helper (Th) cells towards Th1 or
Th2 cells is regulated by the transcription factors T-box 21
expressed in T-cells (T-bet/Tbx21) and GATA-binding protein-3
(GATA-3) [31]. GATA-3 plays a central role in regulating Th1 and
Th2 cell differentiation. Upon interleukin (IL)-4 binding to its
receptor, GATA-3 is induced through the action of Stat6 [36,37]. In
 from mice immunized with Quercetin + ovalbumin (Q + O) or with ovalbumin (Ova).



Fig. 6. (A) Expression profile of Tbx21, GATA-3 and Oct-2 in murine splenocytes. Blots are representative of 3 independent samples from mice immunized with
Quercetin + Ova (Q + Ova) or with ovalbumin alone (Ova). b-actin was used as loading control. (B) Graphs represent densitometric ratio of protein expression vs b-actin (n = 3).
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our study, we observed enhanced expression of both GATA-3 and
Tbx21 in splenocytes of Quercetin + Ova immunized mice as
compared to ova immunized group (Fig. 6).

In a study [16], the role of quercetin in regulating Th1/Th2
cytokine production, T-bet and GATA-3 gene expression was
studied in Ova-induced asthma model in mice where quercetin
reduced the increased levels of IL-4 production in Ova immunized
mice and increased IFN-g, Th1 cytokine production in quercetin
administrated mice. Our results have shown 2 fold increase in %
CD4+IL-4+ cells in quercetin + Ova immunized mice compared to
ova immunized mice (Table 1) that corroborates the Th2 skewed
response shown by quercetin.

Overall our findings of this study have shown a new aspect of
quercetin activity that will provide new insight into the
immunopharmacological role of quercetin in terms of its activity
as an adjuvant. The potential adjuvant activity of quercetin can
further be studied with different vaccines and antigens and in
combination with other flavonoids also for generation of desired
immune response. This will help in broadening the current
perspectives in our understanding of the functions of quercetin
and its various derivatives.
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