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ABSTRACT

Oral bioavailability of quercetin is limited due to its poor water
solubility. The formulation of quercetin into a spontaneously produced
nanoemulsion system which increases the oral bioavailability. The
quantification of the released quercetin from the nanoemulsion matrix is one
of the crucial parameters which requires an adjustment, development and
validation of recent analytical methods. A simple validated UV/Vis
spectrophotometric method in investigating quercetin released from the
nanoemulsion matrix was developed to examine the drug release profile of
quercetin loaded-nanoemulsion. Quercetin analysis was administered at a
maximum wavelength of 254 nm. The method presented a linearity with a
correlation coefficient (r) value of 0.9998 in the range of 4 - 12 pg/mL. The
results also unveiled that the procedure is accurate and precise, with recovery
(%) in the range of 99.65 - 100.1312 % and RSD (%) as < 2%. The limit of
detection (LOD) and limit of quantitation (LOQ) values were revealed to be
4.0535 pg/mL and 13.5118 pg/mlL, respectively. The developed method was
discovered to be valid to scrutinize quercetin released in nanoemulsion
preparations.
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INTRODUCTION

Quercetin (3,3",4’,5,7-pentahydroxyflavone)
is a natural flavonoid extensively discovered in
various fruits and vegetables. It was uncovered to
contain several beneficial effects on health,
incorporating antibacterial, antiviral, anti-obesity,
antioxidant, anticarcinogenic, and anti-
inflammatory (Batiha et al, 2020; Pangeni et al,
2017; Yang et al.,, 2020). Quercetin is considered to
be one of the most potent antioxidants among other
polyphenols such as curcumin, resveratrol,
kaempferol, etc. (Anand David et al,, 2016; Madiha
et al, 2021). The antioxidant properties of
quercetin are due to its free radical scavenging
activity which decreases reactive oxygen species
(ROS) level and inhibits lipid peroxidation
(Abarikwu et al., 2012; Tang et al., 2020; Xu et al,
2019). Quercetin was also considered as a potential
anticancer agent since it is able to constrain cell
proliferation and induce apoptosis (Nguyen et al.,
2017). Its ability is also in inhibiting cell

death and discontinuing cancer cell cycle through
downregulation of oncogenes, encompassing Bcl-2,
Mcl-1, PI3K, and Ras, or by upregulation of
suppressor genes such as p21 and p53 (Nguyen et
al,2017; Ranganathan et al,, 2015; Spagnuolo etal,,
2011). Due to its potential pharmacological effects,
quercetin potentially was developed into various
pharmaceutical products.
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Figure 1. Chemical Structure of Quercetin (Rauf et
al, 2018)
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However, the oral delivery of quercetin is
limited due to the low solubility. Quercetin is
classified as a class I compound in the
biopharmaceutics classification system (BCS)
because of the low solubility and high permeability.
It possesses low solubility in water with only
approximately 0.01 mg to be dissolved per mL of
solvent in 25°C. Meanwhile, in the ethanol, it is 4.0
mg of compound per mL solvent in 37°C (Gao et al.,
2011; Priprem etal., 2008). Furthermore, quercetin
is chemically unstable in gastrointestinal fluids
with an extensive first-pass metabolism and owns
rapid elimination after oral administration. Due to
the several constraints, quercetin contains low oral
bioavailability with only <2% in humans (Cai et al,
2013). Therefore, various approaches to overcome
these limitations were employed to enhance oral
bioavailability of quercetin.

We were developing a nanoemulsion
formulation for quercetin, by optimizing the
combination of oleic acid as oil phase, cremophor
RH 40 as surfactant, and polyethylene glycol 400
(PEG 400) as co-surfactant to formulate a
spontaneously generated oil in water system of
nano-sized  globules.  This  nanoemulsion
formulation for quercetin requires adjustment,
developments, and validation of the Ilatest
analytical method to assure that the method
administered is fit for purpose. One of the critical
parameters in nanoemulsion characterization is
the drug release determination from nano-carrier
system. The quantization of the released quercetin
from the nanoemulsion system is essential to verify
and requires to validate to ensure that the
quantification of drug levels in the release medium
is appropriate. In order to discover the amount of
released quercetin from the nanoemulsion system,
it is necessary to advance a valid and robust
analytical method.

Various analytical methods to wunveil
levels were reported, encompassing
UV/Vis spectrophotometry, high-performance
liquid chromatography (HPLQ), liquid
chromatography/tandem mass spectrometry
(LC/MS), and  spectrofluorometric  (Alva-
Ensastegui et al, 2018; Firoozeh et al, 2019; Son et
al, 2019). Among the published methods, UV/Vis
spectrophotometry method is the most
advantageous as it is easy and economically
affordable to implement. However, references on
the development and validation of analytical
methods for quercetin release from nanoemulsion
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systems by UV/Vis spectrophotometry are
tremendously limited. In the current study, the
objective of this study is to develop and validate a
practical method to investigate the amount of
released quercetin from the nanoemulsion system
by employing UV/Vis spectrophotometry. The
validation of the UV/Vis spectrophotometric
method in this study was conducted according to
the International Conference on Harmonization
(ICH) guidelines, encompassing validation
parameters of linearity, precision, accuracy, Limit
of Detection (LOD), and Limit of Quantitation
(LOQ).

MATERIALS AND METHODS
Chemicals and Reagent

Quercetin was purchased from Octagon
Chemicals Limited (China). Potassium phosphate
monobasic and sodium dodecyl sulphate (SDS)
employed in the study were analytical reagent
grades purchased from Merck, while sodium
hydroxide (NaOH), ethanol absolute, and deionized
water were purchased from Brataco (Indonesia).

Instrumentation
UV/Vis spectrophotometer (Genesys50)
instruments with a single-beam detector

configuration with a 10 mm pathlength quartz glass
cuvette were administered in this study.

Preparation of Solvent

The solvent employed in this study was
simulated intestinal fluid (SIF) pH 6.8. The SIF
solution pH 6.8 was applied by dissolving
potassium phosphate monobasic (3.4 g) and SDS
(1.25 g) with 800 mL of deionized water. Then, pH
was adjusted to 6.8 £ 0.1 administering 1 N NaOH.
Finally, the volume was adjusted to 1000 mL with
the deionized water.

Preparation of Standard Stock Solution of
Quercetin

Quercetin standard stock solution was
applied by accurately weighing 20 mg of standard
quercetin, then placing it in a 50.0 ml volumetric
flask. The volume was adjusted till mark with
ethanol absolute to dissolve quercetin. The solution
was obtained 2.0 mL, then transferred into a 10.0
mL volumetric flask. The solution was added with
SIF solution pH 6.8, and adjusted the volume till
mark to acquire quercetin standard stock solution
with final concentration of 80 pg/mL.
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Figure 2. UV/Vis spectrum: (a) quercetin in SIF solution pH 6.8, (b) The released quercetin in SIF solution

pH 6.8, (c) nanoemulsion base in SIF solution pH 6.8

Table I. Accuracy Study

Concentration (ug/mL)

% Recovery * S.D

6 99.65 + 0.0241
8 100.1312 + 0.0506
10 99.79 + 0.0481
Table II. Intraday Precision Study
Concentration (pg/mL) Mean Concentration (pg/mL) S.D % RSD
6 5.96633 0.0328 0.5497
8 8.0052 0.0091 0.1136
10 10.0157 0.0315 0.3145
Table III. Intraday Precision Study
Concentration Concentration Concentration Concentration Mean Concentration S.D %RSD
(ng/mL) D.1 (ug/mL) D.2 (pg/mL) D.3 (ug/mL) (ng/mL) '
6 5.9213 5.9843 5.9528 5.9528 0.0315 0.5291
8 8.0000 7.9685 8.0787 8.0157 0.0568 0.7084
10 9.9528 9.9685 10.0472 9.9895 0.0506 0.5068

Determination of Maximum Wavelength of
Quercetin

The quercetin standard stock solution was
further diluted employing SIF solution pH 6.8 to
gain a quercetin solution concentration of 4 pg/mL.
The absorbance of the solution was scanned at the
wavelength range of 200 - 400 nm by administering
UV/Vis spectrophotometer with SIF solution pH 6.8
as blank.

Validation of Method Development

The validation of UV/Vis spectrophoto-
metric method was performed based on the
International Conference on Harmonization (ICH)
guidelines, encompassing the study of linearity,
precision, accuracy, Limit of Detection (LOD) and
Limit of Quantitation (LOQ).
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Linearity

The quercetin standard stock solutions
were diluted employing SIF solution pH 6.8 to
acquire a series of solutions with concentrations of
4, 6, 8, 10, and 12 pg/mL. The absorbance
of these solutions was measured at a maximum
wavelength of quercetin. The standard calibration
curve was procures by plotting the absorbance
vs the series concentrations of quercetin
solutions.

Accuracy

The absorbance of three quercetin solutions
with concentrations of 6, 8, and 10 pg/mL was
examined administering UV/Vis spectrophoto-
meter at the maximum wavelength of quercetin.
The procedure was repeated three times.
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The accuracy was determined based on a
percentage of recovery (% recovery) parameter.

Precision

The precision of the analytical method in this
study was determined based on intraday and
interday precision. Intraday precision was
performed by evaluating the absorbance of three
quercetin solutions with a concentration of 6, 8, and
10 pg/mL three times on the same day. Meanwhile,
interday precision was administered on three
different days. The percentage of RSD for each
procedure was then calculated.
LOD and LOQ

LOD and LOQ was determined based on the
data in the form of standard deviation and slope
value attained from the calibration curve. LOD and
LOQ values were examined by applying the
following equation:
LOD=33x0/s LOQ=10x0/s

Where o is the standard deviation of y-
intercepts of regression line, while s is the slope
value both obtained from the calibration curve
(Figure 2).

y =0.0635x + 0.001

0.0/ r=0.9998
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Figure 3. Quercetin calibration curve at the
wavelength of 254 nm

Determination of In Vitro Drug Release of
Quercetin Loaded-Nanoemulsion

Nanoemulsion was conducted by
spontaneous  emulsification = technique by
utilizing oleic acid as oil phase, cremophor
RH 40 as surfactant, and polyethylene glycol 400
(PEG 400) as co-surfactant with a ratio of
1:6:3. Distilled water was slowly administered
with continuous stirring to mark up the total
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volume of nanoemulsion. Quercetin concentration
administered was 0.16 % w/v. In vitro drug
release from quercetin loaded-nanoemulsion was
performed employing the dialysis bag method.
Nanoemulsion (1 mL) containing 1.6 mg quercetin
was poured into a dialysis bag. The dialysis bag
was sealed and placed into 40 mL SIF solution
pH 6.8 as the dissolution medium at 37 * 0.5°C
with rotating speed of 100. The sample was
withdrawn at predetermined time intervals (0,
5,15,45,60,90,120, 180,240,300, and 360 min.
The quercetin concentration in the samples was
assayed utilizing UV/Vis spectrophotometer at the
maximum wavelength of quercetin. The percentage
of drug release was determined employing the
following formula:

Released Quercetin
Total Quercetin

% Drug Release = x 100

RESULTS AND DISCUSSIONS
Maximum wavelength of Quercetin:

The maximum wavelength of quercetin in
SIF solution pH 6.8 acquired from the absorbance
scanning in the range of 200-400 nm is 254 nm
(Figure 3). Therefore, the maximum wavelength at
254 nm was determined as a quantification
wavelength for further quercetin assay in this
study.
Linearity

The correlation coefficient (r) value of =
0.998 implies that the linearity of an analytical
procedure is good in the specified concentration
range (Yunita et al, 2020). Linearity test results
(Figure 3) present a linear calibration curve with a
correlation coefficient (r) of 0.9998.
Accuracy

The recovery value (%) in this study met the
acceptance criteria according to the Association of
Analytical Chemists AOAC since the % recovery
value was discovered in the range of 99.65 -
100.1312 % (Table I).
Precision

Both the intraday and interday precision
studies revealed that the %RSD value meet the
acceptance criteria of < 2% (Table II and III).

LOD and LOQ

The limit of detection and limit of
quantification of quercetin measured based on the
standard deviation of the y-intercept and the slope
of the calibration curve were 4.0535 pg/mL and
13.5118 pg/mL, respectively.
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In Vitro Drug Release of Quercetin Loaded-
Nanoemulsion

The in vitro release profile uncovered that
the release of quercetin from the nanoemulsion
matrix increased within 0 to 360 minutes.
Quercetin  was  stable encapsulated in
nanoemulsion matrix within 6 h, in which the %
release of quercetin from the nanoemulsion system
after 6 h merely achieved 83.081%. Quercetin
released from the nanoemulsion system after 30
min was 23.604%, while after 60 min was 29.650%.
Based on these results, it is indicated the orally
administered quercetin nanoemulsion may be
absorbed either in the encapsulated form of the
nanoemulsion matrix or in its free form. The
quercetin loaded-nanoemulsion was completely
dissolved in aqueous media of SIF solution pH 6.8
with no aggregates formed. Release profiles of
quercetin loaded-nanoemulsion over the period of
6 h in SIF solution pH 6.8 (Figure 4).
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Figure 4. In vitro release profile of quercetin
loaded-nanoemulsion

The chemical structure of quercetin as a
polyphenol occupying two aromatic rings
connected by a y-pyrone ring allows the
determination of the compound administering
analytical instruments in accordance with UV-Vis
detection (Buchweitz et al, 2016). When the
compound's  chemical structure is not
compromised by the chemical reaction to another
compound in the system, the method should be
straightforward. However, this situation may not
frequently function in pharmaceutical formulation
in which compound combination is commonly
required for the benefit of biopharmaceutical
profile. Studies on the development and validation
of UV/Vis spectrophotometric analysis methods
for drug release from nanoparticle matrix
particularly for quercetin loaded-nanoemulsions
are highly demanded, because of the limitation of
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references on this topic. In vitro drug release study
of quercetin from solid lipid nanoparticles (SLNs)
by dialysis method was performed by Niazvand et
al. (2019) by applying PBS solution (pH 7.4)
as the release medium, but the publication
did not provide further details on the validation of
the proposed analytical method (Niazvand et al,
2019).

In this study, a spontaneously formed
nanoemulsion system was advanced based on the
principle of the self-nanoemulsifying drug delivery
system (SNEDDS) (Changediya et al, 2019).
Quercetin as polyphenols was dispersed well in the
organic/oil-based solvents, which is not suitable
with the water-based system inside the gastro-
intestinal tract. Surfactant and co-surfactant were
employed to decrease the interfacial tension
between the oil-based solvent applied to dissolve
quercetin in the preparation to spontaneously
formulating nano-sized particles of oil and the
polar environment. In performing it, the surfactant
and co-surfactant range in the interfacial layer
between the two opposing solvents, with the polar
head groups to encounter the polar solvent and
non-polar tail groups to encounter the oil solvents.
The oleic acid administered in our formulation
functioned as solvent by containing quercetin,
while the cremophor RH40 and PEG400 were
infused into the oleic acid in the formulation. There
is still a few possible theory and reports suggesting
any interaction between either cremophor RH40 or
PEG400 to potentially interact with the quercetin.

During emulsification, nano-globules of
quercetin-containing oleic acid were generated in
the water-based system/buffer, combined by the
cremophor RH40/PEG400 layer. In the in vitro
study setup, the quercetin was then gradually
released from the globules to disperse in the SIF
medium and crossed the dialysis membrane
without the matrix. Therefore, the quercetin
managing to pass the dialysis bag pores were all
free quercetin. Therefore, it can be determined
without the contamination of any emulsion system
employed in the formulation. This approach was
corroborated by Hua (2014) in the study on the in
vitro dialysis of Loperamide HCI (Hua, 2014).

It is crucial to determine the maximum
wavelength of quercetin in SIF solution pH 6.8 in
order to enhance sensitivity and minimize errors
when repeated measurements are established. The
determination of maximum wavelength of
quercetin in SIF solution pH 6.8 was calculated in
the wavelength range of 200-400 nm by utilizing
UV/Vis spectrophotometry. The wavelength scan
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result displayed two spectra peaks at 254 nm and
378 nm. The maximum wavelength of quercetin
was generated at 254 (absorbance=0,619 nm) for
further quercetin assay in this study, because it
produced a higher absorbance than 374 nm
(absorbance=0.595). Moreover, these results were
also corroborated by other studies which unveiled
the maximum wavelength of quercetin in various
solvents that were adjacent to 254 nm. Other
studies revealed that quercetin in phosphate
buffered saline (PBS) solution pH 7.4 occupies a
maximum wavelength of 256 nm (Niazvand et al,
2019).Patel et al (2020) developed a UV
spectrophotometric method and validation for
quantitative determination of quercetin in bulk and
quercetin loaded microspheres which illustrated
the maximum wavelength of quercetin in
phosphate buffer pH 7.4 which was 256 nm and the
proposed method was highly sensitive, linear,
accurate and precise. Furthermore, Patil et al
(2012) also formulated a simple and reproducible
UV  spectrophotometric method for the
simultaneous estimation of quercetin in Cocculus
hirsutus by utilizing the developed solvent n-
butanol: water: acetic acid (7:1:1), displaying the
maximum wavelength of quercetin at 256.30 nm.
Linearity is the ability of an analytical
procedure to provide response within a certain
range which is proportional to the analyte’s
concentration of the sample solution. Linearity of
the analytical method in this study was
administered between 4 and 12 pg/mL. The
correlation coefficient (r) acquired from standard
calibration curve was employed as the linearity
parameter of the proposed method. The results of
the linear regression equation attained was
y=0.0635x+0.001, with a correlation coefficient (r)
of 0.9998. The correlation coefficient (r) value of
>0.998 implies satisfactory linearity in the
specified concentration range (Yunita et al, 2020).
The accuracy of analytical procedures
demonstrates the closeness between the received
true value and the measurement value of a sample.
The accuracy of the proposed method is
determined by the percent recovery. The recovery
value (%) was unveiled in the range of 99.65 -
100.1312%, which signifies that the proposed
method meets the accuracy requirement. The
acceptable criteria of accuracy in accordance with
Food and Drug Administration (FDA) guidelines is
approximately in the range of 80-120%. UV/Vis
spectrophotometric method for quantitation of
quercetin in ethanol extract of tamarind leaf
proposed by Yunita et al. (2020), revealed
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recoveries range of 97-103%. Based on the
recovery value in this study, it was uncovered that
the proposed method meets the accuracy
parameters.

The precision of analytical procedures refers
to how closely a set of measurements results
attained from multiple sampling of the same and
homogeneous sample under the specified
conditions. Relative standard deviation (RSD) was
utilized to represent the values of repeatability
(intraday precision) and intermediate precision
(interday precision). The acceptance criteria of RSD
value based on the International Conference on
Harmonization (ICH) is less than or equal to 2%.
Both the intraday and interday precision studies
demonstrated the %RSD value in the range of
0.1136 - 0.7084%. The results revealed that the
proposed method presents good precision with the
%RSD value of <2%.

LOD is the lowest concentration of analyte in
a sample which can be identified but not
necessarily quantified. Meanwhile, LOQ is the
minimum concentration of analyte which can be
calculated with suitable precision. Both the LOD
and LOQ can be measured based on standard
deviation of y-intercepts and slope value acquired
from the calibration curve. The LOD and LOQ of the
proposed method were 4.0535 and 13.5118
pug/mL, respectively. The pH, materials, and
process of the study in the SIF medium employed in
the system was evident not to interfere with the
analytical process, as displayed by the acceptable
values of accuracy and precision. The analytical
method developed in this study also provided
adequate sensitivity ad illustrated by the LOD and
LOQ values. Aggregation was not presented in the
study, which suggested any procedures
implemented in the study that were triggering any
precipitation and chemical conjugation.

CONCLUSION

A simple, accurate, and precise method for
the analysis of quercetin in nanoemulsion
preparations by implementing UVv/Vis
spectrophotometric was developed. The validation
result revealed that the procedure was linear,
accurate, and precise, with the value of each
parameter complied with the limits according to
the ICH guidelines. In vitro drug release of
quercetin loaded-nanoemulsion was investigated
by applying UV/Vis spectrophotometric at a
certain time interval, displaying an increased
quercetin release profile from 0 to 360 minutes.
The UV/Vis spectrophotometric can be utilized to
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determine quercetin released from nanoemulsion
preparation.

SUGGESTION

In particular for this study, we recommend
to develop the experiments in the AGF to conduct
the story of the drug release in the GI tract. In our
study, we merely incorporated the study in the AIF
from the fact that the most massive release and
absorption happen in the intestines while in the
stomach, it is much less significant. However, it
would be astonishing if we could further involve
the aspect of stability of the system before
acquiring the intestines, with very limited release
in the stomach that could be expected, which
implies the system to protect quercetin before
obtaining its maximum release (and therefore
absorption) in the GI tract.

The author would like to thank Thesis
Recognition Grant Universitas Gadjah Mada for the
funding so that this research could be conducted.
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