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Abstract: Quercetin is formulated as a self-nano emulsion to improve its solubility and bioavailability.
This study focuses on optimizing the components of the SSQ-SNE formula using the SLD method and
chemometric analysis. SLD is simple, easy to design, and determines the optimal formula of a constant
SNE constituent mixture. The concentration of grapeseed oil (%), surfactant tween 80 (%), and co-
surfactant PEG 400 (%) were the components that underwent optimization. The selected formulas
consist of grape seed oil at 10.0%, tween 80 at 60.0%, and PEG 400 at 30.0%. The selected formula has
a droplet size of 14.2 nm, drug load of 48.53 mg/mL, a viscosity of 666.70 mPa.s, emulsification time
at aqua dest 3.71 sec, emulsification time at SGF 3.61 sec, emulsification time at SIF 3.30 sec, a
viscosity of 370.147 mPa.s, and a drug load of 31.70 mg/mL. Quercetin was successfully formulated
into a self-nano emulsion. The model obtained from optimization can be used to predict the character
of the optimum formula.

Keywords: quercetin; self-nano emulsifying; simplex lattice design; nanoemulsion; chemometrics.

© 2024 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Quercetin has potential pharmacological effects, including antidiabetic [1, 2], anti-
inflammatory [3, 4], anticancer [5, 6], and antiviral [7-9]. Quercetin has low bioavailability
due to poor solubility. This property causes low absorption in the intestine. Quercetin is
included in the biopharmaceutical classification system (BCS) class 2 [10, 11]. Therefore, the
development of a delivery system formula can be modified from lipids with self-nano
emulsifying (SNE) technology to increase oral bioavailability [10, 12]. The SNE formula is
more stable than nano emulsion preparations and is less voluminous than conventional
emulsions [13, 14].

SNE is designed in an isotropic liquid system consisting of oil, surfactant, and co-
surfactant [15, 16]. The concentration of the composition greatly determines the process of
forming an emulsion spontaneously when it meets water. The system formed in SNE is
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influenced by the ratio of oil - surfactant, charge, and physicochemical properties [13, 14].
Formula optimization will be carried out using the simplex lattice design (SLD) approach part
of the Design of Experiments (DoE). SLD is widely chosen in optimization procedures because
it is simple and easy to design and select optimal formulations [17]. SLD determines the
optimal formula of a constant amount of SNE constituent mixture. Optimized factors include
the concentration of oil, surfactants, and co-surfactants. The nature of each component
produces different SNE characteristics. The main parameters as differentiators include
emulsification time, viscosity, droplet size, and zeta potential.

2. Materials and Methods

2.1. Chemical materials.

Quercetin was purchased from Sigma-Aldrich. The materials such as grape seed oil,
tween 80, propylene glycol, and other materials were purchased from Embacang Multi Sarana
(Palembang, Indonesia).

2.2.Optimization design using simplex lattice design (SLD).

Optimization in this formulation uses a design of experiment (DoE) approach. The
design and processing of data using Design-Expert software (Stat-Ease Inc., Minneapolis, MN,
USA). The design chosen in DoE is part of the simplex lattice design (SLD) of mixture designs.
The design uses independent variables grapeseed oil (A; %), Tween 80 (B; %), and PEG 400
(C; %). The responses were selected to be evaluated, namely the transmittance of SNE and
nanoemulsion (%), emulsification time (seconds) in three different media, drug load (mg/mL),
and viscosity (m.Pa.s). The composition of the mixture of ingredients from each experiment is
presented in Table 1.

Table 1. The complete design uses the simplex lattice design (SLD) approach.

Run Std A: Grapeseed Qil (%) B: Tween 80 (%) C: PEG 400 (%)
1 9 175 52.5 30.0
2 5 25.0 45.0 30.0
3 10 20.0 55.0 25.0
4 8 175 60.0 22.5
5 6 10.0 60.0 30.0
6 4 25.0 60.0 15.0
7 7 25.0 52.5 22.5
8 1 25.0 52.5 22.5
9 12 17.5 60.0 22.5
10 2 175 60.0 22.5
11 11 25.0 52.5 22.5
12 3 17.5 52,5 30.0

2.3. Super saturable quercetin SNE (SSQ-SNE) preparation.

The process began by dissolving quercetin in oil through vortexing for 5 minutes,
followed by ultrasonication at room temperature for another 5 minutes. The oil-quercetin
solution was then mixed with surfactants and co-surfactants. The mixture formed was stored at
25-30°C for 24 hours [16, 17, 18].

2.4. Percentage of clarity studies (transmittance, %).

The transmittance of the nanoemulsion was determined at a maximum wavelength of
650 nm using a UV-Vis Genesis 10 S spectrophotometer (Thermo Scientific, USA) with
https://biointerfaceresearch.com/ 20f 10
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distilled water as a blank. It gets clearer if the transmittance percentage gets closer to 100%,
and it is estimated that the emulsion droplets are nanometers in size.

2.5. Measurement of emulsification time, viscosity, and drug load.

Emulsification times were carried out on quercetin nanoemulsions in aqua dest with
three dilution models. A total of 5 mL of media was conditioned above a magnetic stirrer with
a speed of 120 rpm at 37°C. SNE of 10 pL, 20 pL, and 50 pL was dripped into each medium
quickly until the nanoemulsion was formed. The characterization of the nanoemulsion involved
observing the complete dissolution of SSQ-SNE in the medium[18]. The viscosity of SNE-Q
is measured using an Oswald viscometer, with the results reported in mPa.s units [10]. The
quantity of quercetin loaded in SNE was measured by centrifugation at 3500 rpm for 30
minutes. The precipitate formed is weighed as quercetin which is not loaded into the system.

2.6. Chemometrics analysis

The data obtained were analyzed using chemometrics using the PCA and CA methods.
The Minitab 17 series software was utilized to process the PCA-CA method (Minitab, State
College, PA, USA). This evaluation stage is not part of optimization and prediction but
evaluates the 12 runs and the correlation between responses [18,19].

3. Results and Discussion

3.1.SSQ-SNE formulation.

Quercetin was successfully formulated in the form of an SNE using grapeseed oil as a
carrier, tween 80 as a surfactant, and PEG 400 as a co-surfactant. Visualization of 12
experimental runs of SSQ-SNE can be seen in Figure 1.

== (o — g ,v-‘ W= . ..l“ =" S /‘.4
i — —— S — S — - N —— &

1 2 3 4 5 6 7 8 9 10 11 12

—— ol g ) ®
Figure 1. Visualization of 12 runs of Q-SNE.

Table 2. Visual observation of SSQ-SNE and the formed nanoemulsion.

RuN Visualization SSQ-SNE Color SSQ-SNE Precipitate Clarity (% T)
SSQ-SNE SNE Nanoemulsion

1 No phase separation Clear yellow None 66.99 82.05
2 No phase separation Clear yellow None 79.12 94.27
3 No phase separation Clear yellow None 82.38 91.10
4 No phase separation Clear yellow None 72.28 86.82
5 No phase separation Clear yellow None 92.98 93.68
6 No phase separation Clear yellow None 70.95 89.90
7 No phase separation Clear yellow None 81.35 90.19
8 No phase separation Clear yellow None 97.85 94.84
9 No phase separation Clear yellow None 63.83 80.65
10 No phase separation Clear yellow None 66.93 76.77
11 No phase separation Clear yellow None 97.70 90.76
12 No phase separation Clear yellow None 63.41 83.10
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SSQ-SNE shows a yellow-orange color due to the formation of colloidal dispersion.
Clarity, measured in percent transmittance, is one of the controls for forming SNE dispersions.
Formulas with a %T value of more than 90% indicate that the formula has an apparent visual
appearance [1]. With the higher transmittance value, it can be estimated that the nanoemulsion
droplets have reached nanometer size. Complete visualization of SSQ-SNE data and the clarity
of the nanoemulsion can be seen in Table 2. A total of 10 runs had transmittance values above
90%. Formulas with a %T value of more than 90% indicate that the formula has a clear visual
appearance [1]. Clarity, as measured in percent transmittance, is one of the controls for forming
SNE dispersions. The clearer or, the greater the transmittance value, it can be estimated that
the nanoemulsion droplets have reached nanometer size.

3.2. Optimization of Q-SNE.

The relationship between the variable response (YY) and factor (A, B, C) can be seen in
the 3D surface plot (Figure 2). In the transmittance response, each component has a positive
influence on the transmittance value. At the same time, the interaction between components
can reduce the transmittance value. The interaction between the tween 80 and peg 400
components can increase the emulsification time in aqua dest and SGF media. In the drug load
response, the higher the concentration of each component, the higher the drug load. Meanwhile,
the interaction between grapeseed oil and peg 400 can reduce drug load. The concentration of
each component can reduce the viscosity of SNE.

% Clarity of SSQ-SNE (% T)
Emulsification time at
aquadest (sec)
Emulsification time
at SGF (sec)

o

A (40)

at SIF (sec)

Emulsification time

Viscosity (mPa.s)

Figure 2. Graph of the 3D model surface plot of the evaluated responses.

Data related to response results from 12 experiments scattered around the diagonal line
on the normal plot of residuals (Figure 3). This result indicates that the data is normally
distributed and meets the requirements for the analysis of variance (ANOVA) test. Based on
statistical analysis, the equation models of the seven responses can be used to predict the
optimum mixture of the Q-SNE formulation process. Models of all seven responses showed
significant results (p<0.05), and the lack of fit was not significant (p>0.05).
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Figure 3. Graph of predicted vs. actual responses.

Table 3. Optimum predicted value, verification range, and verification results.

Parameters Predicted | Observed 95% CI | 95% CI | 95% TI | 95% TI
low high low high
Clarity of SSQ-SNE (% T) 95.50 98.03 +£0.31 88.30 102.70 74.95 116.05
Clarity of nanoemulsion (% T) 86.87 90.06 + 0.09 83.51 90.24 77.26 96.48
Emulsification time at aquadest (sec) 3.57 3.71+£0.07 3.32 3.82 2.72 443
Emulsification time at SGF (sec) 3.59 3.68+0.13 3.47 3.71 3.17 4.01
Emulsification time at SIF (sec) 3.24 3.30+0.14 3.02 3.45 2.62 3.85
Drug load (mg/mL) 49.90 48.5 +0.67 48.26 51.53 45.29 54.51
Viscosity (mPa.s) 6.86 6.67 £0.25 6.47 7.26 5.72 8.00

The selected oil phase was grape seed oil, tween 80 as the surfactant and PEG-400 as
the co-surfactant, with concentrations of 10%, 60%, and 30%, respectively. The desirability
value obtained of 0.594 is used as an important indicator in determining the selected formula
mix in the SSQ-SNE formulation. In the optimum predicted value, the observed %
transmittance of SNEDDS was 98.03 between the range 88.29 - 102.70, and the %
transmittance of nanoemulsion was 90.06 in the range 83.50 - 90.23. The observed value of the
aqua dest emulsification time was 3.71 from the range of values 3.32 - 3.82, the observed value
of the SGF emulsification time was 3.68 between the values of the range 3.46 - 3.71, the value
of the SIF emulsification time was obtained 3.30 in the range 3.02 - 3.45. The drug load value
obtained was 48.9 in the range of 48.26 - 51.53, and the viscosity value obtained was 6.59 in
the range of 6.46 - 7.25. This shows that the results of the optimum prediction meet the
verification range (Table 3).

3.3.Characterization and evaluation of selected SSQ-SNE.

3.3.1. Visual appearance.

Visual observations include color, smell, and flow properties. The selected SSQ-SNE
formula has a yellowish color, is clear, and has a slightly pungent odor. The addition of
surfactants produces a slightly viscous liquid. The resulting yellow color of SNE is influenced
by quercetin.
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3.3.2. Drug load.

Determination of drug load was carried out using centrifugation at 3500 rpm for 30
minutes; this aims to achieve optimal drug load. The selected SNE showed the presence of a
precipitate of 48.53 + 0.665 (Table 4). The precipitate formed is weighed as the active
substance that is not adsorbed into in system [9].

Table 4. Results of verification of selected formulas (n=6).

Parameters Results

Drug load (mg/mL) 48.53 + 0.66
Viscosity (mPa.s) 666.70 + 0.26
Emulsification time at aguadest (sec) 3.71+£0.07
Emulsification time at SGF (sec) 3.61+0.12
Emulsification time at SIF (sec) 3.31+0.13

3.3.3. Viscosity.

Viscosity in SNE aims to facilitate the use and formation of nanoemulsions. The low
viscosity is affected by the smaller oil globule size [10]. SNE with a lower viscosity emulsifies
quickly, while SNE with a high viscosity resembling a gel takes longer to disperse when in
contact with water. The SNE viscosity in the selected formulation was 666.70 + 0.26 mPa.s
(Table 4).

3.3.4. Emulsification time.

Analysis of emulsification time is needed to describe the length of time needed for SNE
to form nanoemulsions when they meet with liquid in the gastrointestinal tract. The
emulsification time requirement for SNE preparations is no more than 5 minutes [9]. The
results of measuring the emulsification time response on various media can be seen in Table 6.
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Figure 4. Characteristic of selected formula (a) particle size (nm); (b) zeta potential (mV); (c) FTIR-ATR
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The selected formula shows the emulsification time in aqua dest media is 3.71+0.070
seconds, the gastric fluid media emulsification time (SGF) showed results of 3.68 + 0.126, and
the intestinal fluid media emulsification time (SIF) was obtained 3.30£0.134. This shows that
the selected formula is a good SNE formula because it gives emulsification results in less than
5 minutes.

Particle size and zeta potential measurements are carried out in the selected formula.
The results show that the optimum formula has a particle size of 14.2 d.nm and a zeta potential
of -23.77 mV (Figure 4). A value that is further away from the zero number indicates more
stability [10]. Small particles with high zeta potential represent high Brownian motion.
Therefore, aggregation is not formed to increase stability in the dispersion system [10].

3.4. Multivariate analysis using chemometrics approach.

PCA simplifies variables by reducing data from numerous interconnected variables while
preserving the existing information [18- 20]. The CA technique is a method that relies solely
on information derived from data, describing relationships between objects or based on their
similar characteristics. CA analysis effectively forms and differentiates groups that exhibit the
closest relationships, enabling a more detailed and precise presentation of information [21, 22].
The score plot categorizes the samples according to the composition function of the run and
the resulting response [13]. The multivariate analysis effectively grouped the runs, placing
them at varying distances from one another. The proximity or distance between runs or samples
indicates the similarity of their characteristics. A greater distance between the runs signifies a
minimal similarity in traits or characteristics [13]. The dendrogram can cluster similar variables
together and establish bonds within a group based on the closeness (similarity) value [18].
Figure 5b represents the dendrogram of the characteristic similarity index. Each run is
classified based on its level of similarity.
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Figure 5. The results of a chemometric analysis using the PCA-CA approach (a) Score plot; (b) Dendrogram.

The loading plot (Figure 6) aims to identify the variable of a sample or formula that
contributes the most to the formation of principal component (PC) values. The contribution of
the sample variables to the loading plot can be observed through the utilized distance measure.
By utilizing the PCA loading plot for data analysis, the angle displayed indicates the correlation
between the responses of all formulas. The responses of transmittance for SNE and
nanoemulsion, forming an angle that is less than 45°, indicate a positive correlation.
Conversely, viscosity and transmittance negatively correlate, forming an angle close to 180°.
High viscosity can reduce the percentage of clarity (% T). An angle close to 90° between two
vectors indicates no correlation between the responses.
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Figure 6. Loading plot The results of a chemometric analysis using the PCA-CA approach.
4. Conclusions

Quercetin was successfully formulated into self-nano emulsion using grape seed oil,
tween 80, and peg 400. The model obtained from optimization can be used to predict the
character of the optimum formula.
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