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ABSTRACT
The purpose of this study was to develop metal-loaded (Zn, Cu) quercetin nanoparticles (M-QNPs) using a nanoprecipitation method for
the investigation of solubility and stability of QNPs and their metal doped NPs (M-QNPs) in acidic condition. The QNPs and M-QNPs
were characterized by using UV-visible and FT-IR spectroscopy, X-ray diffraction, UPLC-DAD, scanning electron microscopy (SEM)
and energy dispersive X-ray (EDAX) analysis. The XRD and SEM results of QNPs showed the conversion of the amorphous state of the
drug to the crystalline state. The microscopic results demonstrate that the QNPs and M-QNPs showed rod shaped structure which
ascribed to a different degree of solubility and stability. In conclusion, the metal doped QNPs improved its stability in acidic condition,
but the solubility of M-QNPs was better than that of QNPs which could be used as trace elements supplement for micro-nutrient.
Keywords: Quercetin nanoparticles (QNPs); metal doped quercetin nanoparticle (M-QNP); solubility, stability.

1. INTRODUCTION
Solubility plays a major role in drug therapy during
administration and hence developing a new pharmaceutical drug
with improved solubility is becoming a big challenge to the
chemists and pharmacists. About 50-60% of the active
pharmaceutical ingredients (APIs) being identified are insoluble or
possess low solubility in aqueous medium [1]. The drugs
bioavailability of this category is limited due to its low solubility
and stability. Wide range of drug formulation development
methodologies has been studied extensively to enhance the rates of
dissolution of these drugs. One of the advanced modern
formulation approach is to reduce the size of the drug particles i.e.
to prepare microparticles or nanoparticles of these drugs [2].
Reducing the particle size leads to increases in surface area to
volume ratio which improves the dissolution and solubility rate of
low water-soluble molecules as well as it also increases
bioavailability.
Quercetin (C15H10O7) is a naturally abundant flavonoid in most of
the fruits and vegetables (black chokeberry, caper, onion, lettuce
and tomato) which are featured in human dietary food. Some study
has reported the dietary consumption of this flavonoid as 20-50
mg/day [3]. Due to its high therapeutic efficacy i.e. anticarcinogenic,
antioxidant,
antiviral,
anti-obesity,
antiinflammatory and antibacterial effects quercetin has been
considered as an efficient API in medical industry. Conklin, K. A.
(2000) reported the anticancer activity of quercetin which is
substantially related to its antioxidant activity and hence it has
been included as a nutraceutical ingredient in many food and
pharmaceutical industries [4]. It is observed that oxidation and
degradation of quercetin lead to the low content of quercetin in
food during processing and storage. Also, the stability of quercetin
in different food matrix is influenced by temperature, pH, metal
ion, and other components such as glutathione (GSH). However,
the major difficulties of efficacy of quercetin are due to chemical

instability, poor water solubility as well as short biological halflife in consumable products which reduces its bioavailability and
efficacy. Quercetin is lipophilic nature and hence is highly soluble
in dimethyl sulfoxide and moderately soluble in ethanol, whereas
its water solubility is approximately 10 mg/L at 25℃ [5].
It is obvious that the hydration or dehydration during phase
transitions may change physicochemical properties of bioactive
quercetin. Although such changes in physicochemical properties
may have practical importance for water insoluble molecules like
quercetin, the knowledge of different crystalline structures on the
stability and physicochemical properties of the flavonoids is
limited or not available in the literature [6].
Therefore the direct incorporation of quercetin at high level in
water based food matrixes is difficult. Normally encapsulation of
API for delivery systems is adapted to reduce chemical
degradation, whereas various methods i.e. polymeric
nanoparticles, microparticles, liposomes, polymer encapsulation,
high-pressure homogenization and nano-quercetin are practiced to
increase the solubility of quercetin in potent cancer therapy [7, 8].
Although these polymeric compounds are not stable in long term
storage, it is highly necessary to find out proper delivery vehicles
to increase the solubility and stability of quercetin in biological
applications. Quercetin has three feasible competitive chelating
sites (5-hydroxy-4-carbonyl, 40-dihydroxyl (catechol) and the 3hydroxy-4-carbonyl groups) (Scheme 1) which is responsible for
potential metal chelation. Quercetin complexation with metal
cations are reported (Zn(II), Fe(II), Pb(II), Mo(VI), Fe(III), Cu(II),
Co(II), Tb(III), Al(III) etc) in literature [9] which is considered as
the mechanism for antioxidant activity of flavonoids. In addition,
it is assumed that metal chelation with quercetin can influence its
stability, solubility, antioxidant and biological effects. Moreover,
quercetin being a free radical acceptor shows increased biological
activity. As a result, the stability of metal-quercetin complex is
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increased, but its solubility in water is not in the satisfactory range.
Many researchers tried to improve solubility of quercetin in water
by complexation with poly-D, L-lactide (PLA), liposomes and
calcium phosphate quercetin nanoparticles (CPQP) [10, 11] and
consequently its therapeutic efficacy and bioavailability was
increased.

Scheme 1. Schematic representation for the preparation of QNPs from
standard Quercetin.

Nanosuspensions are the stabilized colloidal dispersions of
nanoparticles produced by appropriate method with selective
stabilizer. It is observed that decreasing to nano-size improves the
solubility of drug molecules due to the enlarged surface area and
saturation solubility as well as dissolution velocity due to
increasing vapor pressure of the particles [12]. The hydrophobic
drugs like Itraconazole, Ketoconazole, Nebivolol, Amphotericin
B,
Carbamazepine,
Naproxen,
Nimesulide,
Mitotane,
Clotrimazole,
Omeprazole,
Nifedipine,
Spironolactone,

Bupravaquone, Bifonazole etc. are formulated as nano-suspension
which emerged as a very essential tool in drug delivery to
overcome these solubility issues. There are several conventional
strategies to improve the solubility of poorly soluble drugs, which
include solubilisation, micronization, precipitation technique, co‐
solvents, permeation enhancers and use of surfactant dispersions.
Other techniques are like emulsions, microemulsion liposomes,
inclusion complexation and solid dispersion using cyclodextrin.
However they lack global relevancy to all drugs. These
methodologies are useful for those drugs soluble in organic and
aqueous medium. Nanotechnology principles have been used
nowadays to solve the problems related to solubility and
bioavailability by using conventional methods as well as
enhancement. Also, a nanosuspensions are favored over
conventional methods for compounds that are not soluble in water
but are soluble in high boiling point oil phase [13].
The objectives of the present study were to synthesize novel metal
doped quercetin nanoparticles (M-QNPs) by a simple
nanoprecipitation method, physicochemical characterization of
QNPs and M-QNPs by using Fourier transform infrared
spectroscopy (FT-IR), Scanning electron microscopy (SEM),
powder X-ray diffraction (XRD), and dissolution study. Finally,
the solubility and stability of standard quercetin and the
synthesized M-QNPs were monitored by UV-Vis spectroscopy
and UPLC equipped with PDA detector.

2. MATERIALS AND METHODS
2.1. Materials.
Extra pure ethanol (HPLC grade), quercetin.2H2O [2-(3, 4dihydroxyphenyl)-3,5,7-trihydroxy-4H-1-benzopyran-4one],
magnesium sulfate, zinc sulfate, DPPH (2,2-diphenyl-1picryhydrazyl) were purchased from Sigma Aldrich Chemical Co.,
Bengaluru, India. All other reagents and solvents were of
analytical reagent grade.
2.2. Synthesis of quercetin nanoparticles (QNP).
Quercetin nanoparticles (QNPs) were synthesized by anti-solvent
nanoprecipitation technique. Exactly the predetermined
concentration of 1 mg Quercetin/mL methanol was used to
dissolve commercial quercetin in water for QNPs preparation. A
syringe pump was filled with methanol solution of quercetin (1
mg/mL) and the quercetin solution was quickly injected into the
deionized water (anti-solvent) of 500 mL at the flow rate of 10
mL/min under magnetic stirring (3000 rpm). The pale yellow
precipitate was formed and after 6 h of steadying the QNPs was
filtered and vacuum dried.
2.3. Solubility measurements.
The solubility of the QNPs and metal doped QNPs in aqueous
solution were quantified by using UV-Vis spectroscopy (JASCO
UV-Visible Spectrometer (V-750 PC)) at room temperature.
Standard quercetin solutions were prepared in ethanol at various
concentrations (1, 5, 9, 11 and 15 mg/L) and the absorbance of
each solution was measured at a λmax of 367 nm by using UV-vis
spectrophotometer. Then, a saturated solution of QNPs in ethanol
was prepared by shaking well for 15 min, centrifuged at 3500 rpm
and filtered with a 0.22 mm filter paper to measure its solubility
by measuring absorbance with a UV-Vis spectrophotometer. The
concentration of the saturated ethanolic QNPs solution was

determined from the linear regression equation of the calibration
curve.
2.4. X-ray diffractometer (XRD).
The XRD patterns of quercetin and metal doped QNPs were
obtained by using X-ray diffractometer (Bruker D8, India.). The
powder XRD analysis was performed at a voltage of 40 kV and 25
mA with Cu Kα radiation (λ=1.54 Å, scanning range (2θ value) of
10° to 90°, scanning rate of 4° /min and step size of 0.02°).
2.5. Fourier Transform Infrared (FT-IR) Analysis.
The presence of functional groups in both the synthesized QNPs
and M-QNPs was identified by using JASCO FT-IR 4100
(Shimadzu IR AFFINITY-1) in the diffuse reflectance mode at a
resolution of 4 cm-1.
2.6. SEM-EDX.
The QNPs powder was dispersed in 1.0 mL deionized water. Then
SEM samples were prepared by placing drops on Cu grid followed
by drying in a vacuum. The Cu grid was used for the SEM
analysis. The morphology of QNPs and M-QNPs were studied
using a scanning electron microscope (ZEISS EVO-MA 10,
Oberkochen, Germany).
2.7. Stability study of QNPs and M-QNPs.
The stability of QNPs and M-QNPs (M=Zn, Cu) was performed
by using UPLC-PDA analysis. The chromatographic analysis was
carried out by UPLC-PDA equipped with a pump Quaternary
solvent manager auto sampler- sample manager FTN, and PDA-ELAMBDA detector. The used analytical column was Acquity
UPLC BEH C 18 (150mm×2.1mm i.d., 130 Å, 1.7µm) at 37℃.
The mobile phase was composed of 0.01 M ammonium acetate
buffer and acetonitrile (50:50 v/v), and pH was adjusted to 4.2
with hydrochloric acid. The flow rate was set at 0.7 mL/min. The
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samples were prepared in ethanol like UV-vis analysis after proper
dilution. The calibrated standards were 10, 30, 50, 70 and 100
mg/L of quercetin which were prepared from ethanolic quercetin
solution.
2.8. Yield and encapsulation efficiency.
To calculate the yield of QNPs, the required amount of each
sample was dissolved in ethanol and the concentration QNP was
quantified by UPLC method. Also, the encapsulation efficiency of
metals on the QNPs was performed based on the modified
procedure [14]. In brief, the initial concentration of Quercetin was
determined before addition of metal ions. Then, the metal doped
Quercetin NPs was synthesized after addition of metals ions which

were insoluble in ethanol and were removed from ethanol solution
by centrifugation and filtration. Finally, the concentration of
Quercetin in the filtrate was quantified as earlier. The metal
encapsulation efficiency on QNPs and yield were calculated using
the given equations (1) and (2):
Encapsulation efficiency (%) = (CQVQ)-(FQVQ)/ CQVQ x 100 ………. (1)
Yield (%) = CQ x VQ/WQ x 100
……….. (2)

Where CQ is concentration of quercetin in ethanol without metal
ions; WQ is the theoretical amount of quercetin added during the
preparation of QNPs; VQ is the volume of ethanolic dispersion; FQ
is the concentration of quercetin in the filtrate after addition of
metal ions.

3. RESULTS
In this study, we have successfully synthesized rod shaped
quercetin nanoparticles (QNPs) and the metal doped QNPs (MQNPs) by nanoprecipitation method. The formation of QNPs was
confirmed initially by slow color change of the ethanol solution
from dark yellow to light yellow after precipitation of QNPs [15,
16]. QNPs was doped with Cu and Zn metals and rod shaped MQNPs (M = Zn, Cu) were formed. The FT-IR spectra of quercetin
and QNPs were presented in Fig. 1. The QNPs spectra showed two
absorption broad bands between 3250 and 2750 cm-1 (Fig. 1a and
1b). In most flavonols and flavones like quercetin showed two
absorption bands at 237 nm and 358 nm in the UV–Vis region
[17]. UV-Vis spectroscopic study of standard flavonoid quercetin,
QNPs and M-QNPs showed two major peaks at UV-vis region due
to complexation between carbonyl ring C and ring A (benzoyl
System). The cinnamoyl group of quercetin was appeared at 300400 nm (band II), while carbonyl ring C and nearby conjugated
ring B showed an absorption band (band I) at 240-300 nm in UV
region. Molecular structure of quercetin inferred that it could form
complex with metal ions through 3’, 4’-dihydroxy and 3-hydroxy4-oxo system [18, 19]. When metal sulfate solution was added to
methanolic solution of quercetin, a significant difference in
quercetin spectrum was observed due to the appearance of a new
peak at 427 nm [20].
When methanolic quercetin solution was added to water
containing polyethylene glycol (PEG) using syringe, band I
gradually shifted to a longer wavelength with a decreased
absorption value and a new peak appeared at about 400-450 nm
which might be associated to the formation of the QNPs [21]. Our
FT-IR and UV-Vis analysis results clearly have demonstrated that
metal ions were successfully doped onto QNPs by the modified
nanodispersion method adopted in this study. Scanning electron
microscope was utilized to see the structural and morphological
features of the synthesized QNPs and M-QNPs. Generally due to
hydrophobic/hydrophilic forces in water nanoparticles tend to
aggregate spontaneously in aqueous solutions [22, 23] and hence
the formation of these small domains may arise from the
aggregation of QNPs. To overcome this formation QNPs
aggregate PEG was used as a surfactant to minimize/nullify
aggregation of GNPs in aqueous medium. To evaluate the
nanostructure of QNPs, XRD analysis was performed to get
detailed information about the surface morphology, phase purity
and crystallinity of QNPs and M-QNPs (Fig. 2). Some reports
informed the existence of anhydrous and dihydrate nature of
quercetin and XRD analysis was done for in-depth information on

both morphological and surface properties of quercetin [24, 25].
XRD pattern of QNPs is shown in Fig. 2a and the average
crystalline size (D) of QNPs was calculated using Scherrer
formula: D=0.9λ/β cosθ, Where λ= wavelength of X-ray radiation
source (1.5406 A°), K = Scherer constant value as 0.9 for spherical
particles, β=line width at half maximum high intensity (111) peak.
The QNPs were rod shaped with a diameter of 18.2 nm (Fig. 2a)
whereas the diameter of standard quercetin was calculated as 40.3
nm (Fig. 2d). Similarly, the diameter of Cu-QNPs and Zn-QNPs
were 21.1 nm and 22.6 nm which are comparable to QNP, but are
smaller than standard quercetin (Fig. 2).

Figure 1. FT-IR spectra of standard Quercetin (1a), QNPs (1b), Zn-QNPs
(1c) and Cu-QNPs (1d).

Figure 2. XRD diffractograms of QNP (2a), Zn-QNPs (2b) and Cu-QNPs
(2c) and standard Quercetin (2d).

The representative X-ray diffraction patterns of the synthesized
QNPs and M-QNPs are shown in Fig 2a-2d. The XRD pattern of
the QNPs powder showed the presence of various distinct sharp
peaks at 2θ (10.7414°, 11.5046°, 13.8028°, 14.2588°, 15.9411°,
17.5533°, 24.4691° and 27.4290°) which implied crystalline
nature of QNPs [26]. The prepared M-QNPs also showed the quite
similar peaks but the peaks intensities were slightly less. The ZnQNPs showed peaks at 2θ (11.1084°, 12.4012°, 12.6803°,
14.2083°, 14.6068°, 16.0944°, 16.6714°, 18.6049°, 20.1795°,
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20.8240°, 23.2009°, 26.1010°, 27.9646° and 28.5614°) and CuQNPs at 2θ (12.5593°, 14.5891°, 16.4706°, 18.2951°, 20.1011°,
20.9422°, 24.8340°, 25.3622°, 25.4628° and 28.2511°) which
implies crystalline nature of these M-QNPs (M = Zn, Cu),
respectively. 2θ values of standard quercetin were (10.7212°,
11.5117°, 13.8028°, 14.2588°, 15.9411°, 17.5533°, 24.4691° and
27.4290°) (Fig. 2d).

Figure 4. Calibration graph of standard quercetin using UV-Vis
spectroscopy.

Figure 3. SEM micrographs of QNP (3a), Zn-QNP (3c), Cu-QNP (3e)
and EDAX spectra of QNP (3b), Zn-QNP (3d) and Cu-QNP (3f).

The above results suggest that QNPs prepared by
nanoprecipitation method appeared no significant changes in
crystal structure from its bulk counterpart. The M-QNPs (M = Cu,
Zn) also showed similar peaks but the peak intensities of metal
doped QNPs decreased [27, 28]. In addition, no significant effect
of solvent/anti-solvent ratio, concentration, flow rate and stirring
speed on the samples prepared by the syringe pump was found on
crystalline structure of QNPs [29]. Noticeably it was found that
the QNPs were more crystalline in nature when water was used as
an anti-solvent compare to any organic solvents [30]. However, it
is difficult to determine the differences in the morphology and
particle size caused by changes in the crystal growth conditions or
the pseudo-polymorphism i.e. degree of nature of the
crystallization solvent, rate of cooling, speed of solution agitation,
supersaturation or presence of impurities [31].
In addition, the uniform distribution of rod shaped QNPs on the
surface was confirmed by SEM (Fig. 3a). Also, SEM micrographs
of Cu-QNPs (Fig. 3c) and Zn-QNPs (Fig. 3e) confirmed the
uniform distribution of copper and zinc atoms on the rod-shaped
QNPs. The energy-dispersive X-ray (EDAX) analysis is done to
find out the elemental composition of QNPs and M-QNPs. EDAX
spectrum (3b) of QNPs showed the presence of oxygen and
carbon, while EDAX spectra of M-QNPs (M=Cu, Zn) showed the
presence of carbon and oxygen with zinc (3d) and copper (3f)
respectively, which confirmed the absence of any other impurities
in the synthesized QNPs and M-QNPs.
Previous research has claimed that the solubility of quercetin is an
essential factor for its bioavailability. For instance, quercetin
dissolved in DMSO/polyethylene glycol had bioavailability in rats
up to 1.3 fold compared with that suspended in 0.7%
carboxymethyl cellulose (CMC) solution [32]. Quercetin
bioavailability was improved up to 5.7 fold by a solid lipid
nanoparticle as an oral delivery carrier compares to those
administered as a quercetin suspension [33].

In this study the solubility of ethanolic quercetin solution was
measured by UV-vis analysis. Initially a calibration graph was
plotted (Fig. 4) and the calibration graph of quercetin was linear
(r2 = 0.9999) within a range of 1–100 mg/mL. Then the quantity of
quercetin in QNPs dispersion in water was checked by UV-vis
spectroscopy (Fig. 5) and it was found that solubility of QNPs
dispersion was higher than that of standard quercetin in water [std.
quercetin = 1.78 mg/L (Fig. 5a) and QNPs =19.41 mg/L (Fig. 5b)].
The stability of quercetin mainly depends on its chemical
structure. For instance, the hydroxyl groups present in quercetin
molecule (C3, C5, C7, C՜4 and C՜5) leads to instability. Hence
molecular geometry of flavonoid such as quercetin was varied due
to the existence of water of hydration into the crystal lattice.
Specifically, the crystalline form of quercetin differs according to
the hydrogen bonding pattern. Therefore for the anhydrous form,
their solubility in water is also diminished. Also, the existence of
hydroxyl groups in C3-OH, C՜3-OH and C՜4-OH positions in
conjunction with a C2, C3 double bond are responsible for the
antioxidant property of quercetin [34, 35].
The lower pH value has an important influence on the stability of
quercetin. A study reported susceptibility of plant phenolic
compounds on pH change [36]. Quercetin in aqueous acidic
solutions shows instability, which results in loss of concentration
(i.e., degradation). The degradation of quercetin involves
oxidation, hydroxylation and ring-cleavage. The solubility of MQNPs (M = Cu, Zn) in ethanol at different pHs are presented in
Fig. 6 and Table 1. It clearly shows that Cu-QNPs solution was
stable up to 55.1% and Zn-QNPs solution was stable up to 56.2%
compare to QNP stability (44.6%) at pH 2.0 (Fig. 6a), whereas
Cu-QNPs solution was stable up to 95.7% and Zn-QNPs solution
was stable up to 96.8% compare to QNPs stability (97.1%) at pH
6.8 (Fig. 6b). Hence the metal doped QNPs showed higher
solubility than QNPs at gastric environment (Fig. 6).

Figure 5. UV-Vis spectra of standard quercetin solution (5a) and QNPs
dispersion (5b) in water.
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Figure 6. UV-Vis spectra of Cu-QNPs (6a) and Zn-QNPs (6b) in ethanol
at different pH.

Also, in the present study the stability of standard quercetin and
QNPs were checked by UPLC-PDA analysis after dissolving both
standard quercetin and QNPs in ethanol at different pHs (2-6.8)
considering gastric pH i.e. biological fluid pH. The solubility of
QNPs in ethanol at different pHs is presented in Fig.7 and Table 2.
It clearly shows that QNPs solution was stable up to 44.6%
compare to quercetin stability (20.8%) at pH 2.0, whereas QNPs
solution was stable up to 97.1% compared to quercetin stability
(99%) at pH 6.8. It is clear that stability of QNPs was higher at
gastric pH i.e. its bioavailability would be higher than standard
quercetin in GI tract via oral doses forms. Also, some reports
checked the thermal stability of quercetin under different pH. The
thermal stability of quercetin solution was evaluated at 100 °C by
varying pH 5.0 to pH 8.0 and it was observed that quercetin was
more unstable at alkaline pH 7 [37]. This study supported our
findings i.e. QNPs were more stable under acidic conditions,
especially in gastric environment compare to standard quercetin

(Table 1). Previous studies demonstrated that the QNPs had
improved solubility rate and antioxidant property [38]. In the
present study the identification and confirmation of quercetin i.e.
the specificity was performed by the comparison of the peak
retention time of quercetin (RT = 3.16 min) with QNPs (RT = 3.2
min). No interference was detected, since no peak was detected in
the same retention time of quercetin [Fig. 7] which allows a rapid
determination of the drug in different samples. This
chromatographic method can help to check the shelf-life of QNPs
in different products during storage at different pH and
temperature. The major loss of initial quercetin content at pH 2.0
was 45.4% at room temperature. Hence, in order to guarantee
stability i.e. shelf-life of quercetin during storage it would be kept
under physiological pH or slightly acidic conditions for prolonged
periods of shelf-life.

Figure 7. UPLC-PDA chromatograms of standard quercetin (a)
and QNPs (b) at different pH.

S.no
1
2
3
4

Table 1. Stability of Cu-QNP and Zn-QNPs at various pH in ethanol using UV-Vis spectroscopy
Sample conc (ppm)
pH
Cu-QNPs (ppm)
Leftover solubility (%)
Zn-QNPs (ppm)
Leftover solubility (%)
20
6.8
19.13
95.7
19.36
96.8
20
5.0
17.43
87.2
12.69
63.5
20
3.0
11.20
56.0
12.51
62.6
20
2.0
11.01
55.1
11.23
56.2

S.no
1
2
3
4

Table 2. Stability of standard quercetin and QNPs in ethanol at different pH by UPLC-PDA analysis.
Sample conc. (ppm)
pH
Quercetin (ppm)
Leftover solubility (%)
QNPs (ppm)
Leftover solubility (%)
20
6.8
19.80
99
19.41
97.1
20
5.0
11.04
55.2
17.26
86.3
20
3.0
5.91
29.6
13.01
65.1
20
2.0
4.16
20.8
8.94
44.6

4. CONCLUSIONS
The present study demonstrated that the solvent/antisolvent precipitation process successfully produced QNPs with the
smaller particle size using a nanoprecipitation method. Our studies
also established that the dissolution of quercetin was enhanced due
to the reduction of quercetin particle size. Additionally, the

stability of M-QNPs from QNP improved physicochemical
characterization and dissolution property. Thus, we suggest that
the QNPs could be applied in clinical settings as well as warrant
further studies for a nutrient supplement of beneficial micro-trace
elements like Zn and Cu.
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