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Abstract: Quercetin in Taraxacum mongolicum was extracted by ultrasound-assisted
extraction in synergy with an ionic liquid—enzyme complex system, and the antioxi-
dant function of quercetin was investigated based on network pharmacology. From
1-butyl-3-methylimidazolium chloride, 1-butyl-3-methylimidazolium acetate, 1-butyl-3-
methylimidazolium tetrafluoroborate, 1-butyl-3-methylimidazolium bromide, and 1-butyl-
3-methylimidazolium tetrafluoroborate, the first step was to choose the appropriate ionic
liquid. Subsequently, a response surface methodology and single-factor experiment were
used to optimize the extraction process. The quercetin and the key targets for antioxidants
were obtained from a public database. Antioxidant activity was assessed by measur-
ing the scavenging rate of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals and hydroxyl
radicals(eOH). The approach revealed that the optimal extraction process was the liquid—
solid ratio of 31.62:1 mL/g, enzymatic temperature of 55 °C, and the amount of cellulase
added was 14.79% of the dry weight of dandelion. Under this condition, the yield of
quercetin was 0.24 &+ 0.011 mg/g, which was 1.3 times higher than that of the conventional
reflux extraction method of 0.185 £ 0.015 mg/g. Pharmacological findings showed 57 cross-
targets of quercetin with antioxidants. Gene ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis indicated that antioxidant
function may be related to chemical carcinogenesis-reactive oxygen species, and the Phos-
phoinositide 3-kinase/protein kinase B signaling pathway. Quercetin has strong DPPH
and eOH radical scavenging activity. The development and use of industrial dandelion are
supported by this sustainable and effective method of extracting quercetin from dandelion.

Keywords: ionic liquid—-enzyme complex system; dandelion; quercetin; response surface
methodology; network pharmacology

1. Introduction

Taraxacum mongolicum Hand.-Mazz. is a perennial herb of the genus Dandelion, fam-
ily Asteraceae, which can be used as medicine, and its stems and leaves can be eaten
raw [1,2]. As a medicinal plant, dandelion has anti-colitis, anti-viral, antibacterial, anti-
arthritic, anti-cancer, diuretic, and hepatoprotective properties [3]. The major active com-
ponents of dandelion are flavonoids, carotenoids, phenolic acids, polysaccharides, and
sterols [4,5]. Flavonoids have strong antioxidant activity and can scavenge free radicals
involved in the antioxidant response to protect the body from chronic diseases and inflam-
mation [6]. Quercetin belongs to the group of flavonols with biological activities such as
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anti-inflammatory, antioxidant, anti-cardiovascular, anti-tuberculosis, anti-diabetic, and
anti-malarial [7] activities. In addition, quercetin promotes the proliferation of human
fibroblasts and increases the hyaluronic acid and collagen content of human fibroblasts.

Extraction methods for quercetin include maceration, soxhlet distillation, and thermal
reflux extraction [8]. However, these techniques require a longer processing time, higher
temperatures, and large amounts of solvents, are environmentally unfriendly, and are not
cost-effective. Therefore, to overcome these drawbacks, an ionic liquid—enzyme complex
system-assisted ultrasonic extraction of quercetin from dandelion was successfully em-
ployed in this study. Ionic liquids (ILs), also known as molten salts, have a lower melting
point of 100 °C and serve the dual function of solvent and catalyst [9]. Compared with
organic solvents, ionic liquids have higher extraction efficiency, good thermal and chemical
stability, and less contamination [10]. Ionic liquids can be used for the extraction of natural
products and their extraction efficiency is related to the structure of anions and cations [11].
Cations mainly include imidazolium, ammonium, pyridinium, phosphonium, sulfonium,
and pyrrolidinium. Anions include halides, acetate, nitrate, hydrogen, and sulfate. It has
been found that IL anions affect extraction efficiency through hydrogen bond strength
and hydrophobicity [12]. The use of ILs for the extraction of flavonoids has been reported.
Zeng et al. studied the extraction of rutin from bitter ginseng by 1-butyl-3methylimidazole
ionic liquid with different anions. It was found that the aqueous 1-butyl-3methylimidazole
bromide solution gave the best results [13]. Zhao et al. investigated the feasibility of ionic
liquids based on ultrasound-assisted extraction of resveratrol from Polygonum cuspidatum.
The results showed that the yield of resveratrol could reach 2.90 £ 0.15 mg/g by using
0.5 mol/L 1-butyl-3methylimidazolium bromide as the extraction solvent. Ionic liquids can
be used as an alternative to conventional volatile organic solvents [14]. Ultrasound-assisted
extraction (UAE) uses high-intensity ultrasound to accelerate the interparticle collision,
leading to the fragmentation of cell structures and the overflow of active ingredients [15].
Ionic liquid-based ultrasonic-assisted extraction (IL-UAE) can effectively extract active
ingredients from plants, such as alkaloids [16], flavonoids [17], ginsenosides [18], and
terpenoids [19]. Enzymes commonly used in enzyme-assisted extraction methods include
cellulase and pectinase, mainly through the enzyme degradation or destruction of cell
walls and membranes, which can better release and effectively extract biologically active
substances, and is characterized by a fast extraction speed, low dosage, and low energy con-
sumption [20,21]. Network pharmacology uses systems biology as a guide and combines
techniques from multiple disciplines to study disease—drug interactions [22]. By predicting
the active ingredient targets and possible disease targets of Chinese herbal medicines and
constructing a “component-target-pathway” network, the main active ingredients and
mechanisms of action of Chinese herbal medicines will be explored [23].

Fewer studies have reported on the extraction process of quercetin from dandelion,
mainly focusing on the extraction of total flavonoids from dandelion. In this study, the
ultrasonic-assisted extraction of quercetin from dandelion was carried out using an ionic
liquid-enzyme complex system, and the content of quercetin in the extract was determined
by high-performance liquid chromatography. Based on a single factor, response surface
methodology was applied to optimize the extraction conditions, with a view to providing
technical references for the utilization of quercetin in dandelion. The prediction of quercetin
action targets and antioxidant targets based on network pharmacology and the construction
of a component-target—function network provide new ideas for the study of quercetin
antioxidant effects.
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2. Materials and Methods
2.1. Chemicals and Reagents

Dandelion was obtained from Heilongjiang Wangda Traditional Chinese Medicine
Drinking Tablets Technology Co. (Harbin, Heilongjiang, China). Quercetin standard,
1-butyl-3-methylimidazole bromide, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and ferrous
sulfate were purchased from Shanghai Yuanye Biotechnology Co., Ltd. (Shanghai, China).
Salicylic acid was acquired from Tianjin Zhiyuan Chemical Reagent Co., Ltd. (Tianjin,
China). Ascorbic acid and anhydrous ethanol were acquired from Tianjin Zhongtian Chem-
ical Co., Ltd. (Tianjin, China). Chromatography-grade methanol was acquired from Puyang
Wangda Chemical Co., Ltd. (Puyang, China). Chromatography-grade acetonitrile was
acquired from Tianjin Guangfu Science and Technology Co., Ltd. (Tianjin, China). Cellulase
and pectinase came from Shandong Longket Enzyme Preparation Co., Ltd. (Shandong,
China), and a 0.22 pm needle filter was acquired from Tianjin Pilot Experimental Equipment
Co., (Tianjin, China).

For the preparation of 0.2 mmol/L DPPH- solutions, weigh 0.0198 g of 2,2-diphenyl-1-
picrylhydrazyl and place it in a beaker, add 250 mL of anhydrous ethanol, stir to dissolve,
and store it in a brown bottle; for the preparation of 9 mmol/L FeSOy4, weigh 0.25 g of FeSO4
and place it in a beaker, add 100 mL of water, and stir to dissolve it; for the preparation
of 8.8 mmol/L H,O;,, take 30% of HyO, solution 0.09 mL placed in a beaker, add 100 mL
of water; 9 mmol/L salicylic acid-ethanol solution was prepared by weighing 0.12 g of
salicylic acid in a conical flask, adding 100 mL of ethanol, stirring to dissolve, and stored
away from light; quercetin products were prepared with chromatographic methanol to
formulate five gradient concentrations of 0.03125, 0.0625, 0.125, 0.25, 0.25, and 0.5 mg/mL
for the subsequent plotting of the curve.

2.2. Instrumentation

An SB-5200DT ultrasonic cleaner (Ningbo Xinzhi Bio-technology Co., Ltd., Ningbo,
China); a small sealed XL-30C pulverizer (Guangzhou Xulang Mechanical Equipment
Co., Ltd., Guangzhou, China); a Tp-213 electronic balance (Sartorius Scientific Instru-
ments Co., Ltd., Beijing, China); and a Waters 2695 HPLC instrument from Waters Co.
(Milford, MA, USA) were used. In addition, a HiQQ Sil-C18 reversed-phase column
(4:6 mm x 250 mm, 5 um, KYA TECH Corp., Tokyo, Japan) was used for chromatographic
separation; the following were also used: TG16-WS Centrifuge (Changsha Hi-Tech Indus-
trial Zone Xiangyi Centrifuge Instrument Co., Ltd., Changsha, China); DHG-9030A electric
blast drying oven (Shanghai Yiheng Scientific Instrument Co., Ltd., Shanghai, China); and
BioTeK SYNERGY HTX multi-function Enzyme Labeler (American Boteng Instrument
Co., Ltd., Le Mesnil-Saint-Denis, France).

2.3. Dandelion Water Content Assessment

Dandelion was crushed into powder and three 1 g portions of dandelion powder were
weighed and kept in an oven for 24 h. Absolute dry weight was measured and used to
calculate moisture content. Finally, the water content of dandelion was determined to
be 11.5%.

Y =(a —b)/a x 100%, (1)

where Y corresponds to water content, as a percentage; a represents wet weight; and b

represents dry weight.

2.4. Determination of Quercetin in Dandelions

The appropriate amount of quercetin standard was weighed and prepared into 0.03125,
0.0625, 0.125, 0.25, and 0.5 mg/mL samples for high-performance liquid chromatography
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(HPLC) detection. The standard curve was plotted using the quercetin standard concen-
tration (X) as the horizontal coordinate and peak area (Y) as the vertical coordinate. In
this study, the mobile phase acetonitrile-water (30:70, v/v) was used for HPLC analysis at
a flow rate of 1.0 mL/min with an injection volume of 10 uL, a detection wavelength of
360 nm, and the column temperature was set at 30 °C. Quercetin yield was calculated from
Equation (2).

y=(Cx V)/M, 2)

where y denotes the dandelion quercetin yield, mg/g; C denotes the concentration of
dandelion quercetin in the extract, calculated from the curve, mg/mL; V is the volume of
dandelion extract, mL; and M denotes the number of dandelion samples involved in the
extraction, g.

2.5. Single-Factor Experiment

The quercetin yield was used as a reference index, and the ultrasonication time of
60 min and enzyme digestion time of 60 min were set. Due to the significant solubility
of imidazolium ionic liquids for cellulose [24], imidazolium ionic liquids were chosen
for this study containing different anions (1-butyl-3-methylimidazolium chloride, 1-butyl-
3-methylimidazolium acetate, 1-butyl-3-methylimidazolium tetrafluoroborate, 1-butyl-3-
methylimidazolium bromide). In this study, the ionic liquid type was investigated, as were
the ionic liquid concentration (0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 mol/L), liquid-solid ratio (10:1,
15:1, 20:1, 25:1, 30:1, and 35:1 mL/g), ultrasonication temperature (40 °C, 50 °C, 60 °C,
70 °C, and 80 °C), enzyme type (pectinase and cellulase), enzyme addition (5%, 10%, 15%,
and 20% (g enzyme/g dandelion powder)), and enzyme digestion temperatures (10 °C,
30 °C, 50 °C, 70 °C, and 90 °C) on the quercetin yield of dandelion.

2.6. Response Surface Experiment

Based on the results of the single-factor experiment, three factors that had a significant
impact on the extraction of quercetin were selected, namely, the enzymatic hydrolysis
temperature, enzyme addition, and liquid-solid ratio, for a three-factor, three-level response
surface Box-Behnken design (BBD), as shown in Table 1.

Table 1. Level and code of factors chosen for response surface experiment.

Factor
Level Enzymatic Hydrolysis Temperature Enzyme Addition Liquid-Solid Ratio
(A) O (B) (%) (C) (mL/g)
-1 30 10 25
0 50 15 30
1 70 20 35

2.7. Method Validation

The method was validated for linearity, LOD, LOQ, repeatability, stability, and re-
covery based on the optimized response surface extraction conditions [25]. The standard
solutions of quercetin at different concentrations (0.03125~0.5 mg/mL) were used for HPLC
to obtain the standard curves. In order to ensure the accuracy and reproducibility of the
method, the determination was repeated three times with different concentrations of stan-
dard solutions. LOD and LOQ were calculated using LOD = 3.3 /S and LOQ =10 ¢/S,
where o is the deviation from the response value and S is the slope of the standard curve [26].
The stability of quercetin was determined under optimal process conditions. The initial
concentration of the quercetin sample solution was determined by HPLC, and a defined
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mass of quercetin control was added to calculate the recovery. In addition, six sample
solutions were prepared for HPLC under optimal extraction conditions to confirm the
reproducibility of the method.

2.8. Comparison with Conventional Method

The reflux extraction method was used to compare with the present experimental
extraction method. In total, 0.50 g of dandelion powder was weighed and placed in a
250 mL round-bottomed flask, and 70% ethanol solution was added in accordance with a
liquid—solid ratio of 15:1, and the extraction was carried out by refluxing at 80 °C for 2 h.
The extract of quercetin from dandelion was obtained by cooling and filtration.

2.9. Network Pharmacology

The chemical constituent quercetin in dandelion was found in the HERB Materia
Medica Historia database, and quercetin was entered into the PubChem database to ob-
tain Canonical SMILES [27]. SwissTargetPrediction was used for active ingredient target
prediction. The GeneCards database was searched for antioxidant targets using the key-
word “antioxidant” [28,29]. The intersection of quercetin targets and related targets of
antioxidants was selected. The shared targets were imported into the DAVID database for
gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis.

2.10. In Vitro Antioxidant Activity
2.10.1. Determination of DPPH Radical Scavenging Activity

The activity of scavenging DPPH free radicals was assayed according to the established
method with the following modifications [30]. Quercetin standards were prepared as
solutions with concentrations of 0.01, 0.02, 0.04, 0.06, 0.08, and 0.1 mg/mL, respectively.
Take 2.0 mL of each standard solution of different concentrations, add 2.0 mL of 0.2 mmol /L
DPPHe solution, mix well with shaking, and keep away from light for 30 min, and the
measurement of absorbance (Abs) was performed at a wavelength of 517 nm. The parallel
test was repeated three times with ascorbic acid as a positive control. The capacity of DPPH
free radical scavenging was determined using the following Equation (3):

DPPH radical scavenging activity (%) = [Absy — (Absy — Absq)]/Absy x 100,  (3)

Abs( represents the Abs of the control, Abs; represents the Abs of the solution to
be measured mixed with the solvent, and Abs, represents the Abs of the solution to be
measured mixed with DPPHe solution.

2.10.2. Determination of Hydroxyl (¢OH) Radical Scavenging Activity

oOH radical scavenging activity was determined by referring to the method described
by Wang et al. [31]. With slight modifications, 2.0 mL of each 0.1, 0.2, 0.4, 0.6, 0.8, and
1 mg/mL of quercetin standard solution was taken in a test tube, and 2.0 mL each of
9 mmol/L FeSO; solution, 9 mmol/L salicylic acid-ethanol solution, and 8.8 mmol/L HyO,
solution were added sequentially and mixed well for 10 min, and the absorbance was
measured at 510 nm. The parallel test was repeated three times with anhydrous ethanol as
a blank control. The #OH radical scavenging activity of the samples was determined using
the provided Equation (4):

oOH radical scavenging activity (%) = [Absy — (Abs, — Abs1)]/Absy x 100, (4)
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Abs( represents the absorbance measured in the blank control group, Abs; repre-
sents the absorbance of the solution to be tested without H,O,, and Abs; represents the
absorbance of the solution to be tested with H,Os,.

2.11. Statistical Analyses

Design Expert 13 (Stat-Ease, Inc., Minneapolis, MN, USA) was used to design the
response surface experiment in order to optimize the extraction process. Origin 2024
(OriginLab Corporation, Northampton, MA, USA), Cytoscape 3.10.1, and SPSS 25 (IBM
Corporation, Armonk, NY, USA) were used for data processing and analysis. Duncan’s
multiple-comparisons check and one-way analysis of variance (ANOVA) were used to
account for significant differences at the p < 0.05 level.

3. Results

3.1. Optimizing the Extraction Parameters for Quercetin
3.1.1. The Effect of Different IL Solutions

Four ionic liquids, 1-butyl-3-methylimidazolium chloride ([BMIM]CI), 1-butyl-3-
methylimidazolium acetate ((BMIM][Ac]), 1-butyl-3-methylimidazolium tetrafluoroborate
([BMIM]BF,), and 1-butyl-3-methylimidazolium bromide ([BMIM]Br), were selected for the
present experiment. When 1-butyl-3-methylimidazolium bromide solution was used as an
extractant, the yield of dandelion quercetin was high, with a rate of 0.0681 mg/g (Figure 1a).
The extraction of active components by ionic liquids is related to the formation of hydrogen
bonds, and [BMIM]Br exhibits strong water solubility, so it is easy to establish a hydrogen
bonding network, thus improving the extraction efficiency of the system. [BMIM]Br was
chosen for the subsequent experiments.
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Figure 1. The effect of different parameters on the extraction yield of quercetin from dandelion:
(a) ionic liquid; (b) the concentration of [BMIM]Br; (c) liquid-solid ratio; (d) ultrasonic temperature;
(e) enzyme addition; (f) enzymatic hydrolysis temperature. The data are shown as mean =+ SD (n = 3).
Different letters have significant differences in the mean at the 0.05 level.

3.1.2. The Effect of IL Concentration

Six solutions of 1-butyl-3-methylimidazole bromide with different concentrations (0.1,
0.2,0.3,0.4, 0.5, and 0.6 mol/L) were prepared. The optimum quercetin yield was achieved
when the ionic liquid concentration was 0.2 mol/L (Figure 1b). Afterward, the quercetin
yield decreased significantly with higher ionic liquid concentration. It may be due to the
high concentration of ionic liquids resulting in high viscosity, which is not conducive to the
diffusion of solvents into plant tissues [32].

3.1.3. The Effect of Liquid—Solid Ratio

From Figure 1c, it can be seen that the liquid—solid ratio had a significant effect on the
quercetin yield when the liquid-solid ratio was between 10:1 and 25:1, the quercetin yield of
dandelion showed a significant upward trend, and the quercetin yield of dandelion showed
a weak change and tended to be stabilized when the liquid—solid ratio was greater than 25:1.
The highest yield of dandelion quercetin, i.e., 0.1671 mg/g, was obtained at a liquid—solid
ratio of 30:1. When the liquid-solid ratio was 10:1, the liquid was too viscous to allow better
diffusion of dandelion quercetin molecules. With the increase in the liquid-solid ratio, the
concentration of dandelion quercetin in the solution decreased, the dandelion quercetin in
the tissues was better dissolved in the liquid, and the yield increased. So, the liquid—solid
ratio of 30:1 was used for subsequent one-way experiments.

3.1.4. The Effect of Ultrasound Temperature

The quercetin yield peaked at an ultrasound temperature of 50 °C. When the ultra-
sonication temperature was further increased, the yield decreased significantly, probably
due to the high temperature destroying the quercetin structure, resulting in the decrease
in quercetin. When the ultrasonication temperature was 50 °C, the quercetin yield rate
was 0.0681 mg/g (Figure 1d). So, the ultrasonic temperature of 50 °C was chosen as the
subsequent experimental condition.

3.1.5. The Effects of Cellulase and Pectinase

The yield of quercetin was higher when cellulase was added, i.e., 0.1897 mg/g (Table 2).
Cellulases can improve the yield of target extracts by hydrolyzing the glycosidic linkages
of flavonoid glycosides [33]. Therefore, the subsequent tests were carried out under the
condition of the addition of cellulase.
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Table 2. Effect of enzyme types on quercetin extraction.

Types of Enzymes Yield (mg/g)
cellulase 0.1897 + 0.017
pectinase 0.1121 £ 0.013

3.1.6. The Effect of Cellulase Addition

When the cellulase addition was greater than 15%, quercetin yield did not rise and
began to gradually smooth (Figure le); the reason may be that, for the dandelion in the
compounds that can be reacted with cellulose, all of the reaction is complete, and there is
an excess of cellulase; so, considering environmental protection, as well as saving resources,
one should choose enzyme additions of 15% for the subsequent experiments.

3.1.7. The Effect of Enzymatic Hydrolysis Temperature

The highest quercetin yield, i.e., 0.221 mg/g, was obtained at an enzymatic tempera-
ture of 50 °C (Figure 1f). The low enzymatic digestion temperature affected the cellulase
activity, and when the temperature was higher than 50 °C, the quercetin yield decreased
because the high temperature resulted in the partial inactivation of cellulase. Therefore, the
enzymatic digestion temperature of 50 °C was chosen for subsequent experiments.

3.2. Optimization Test by Response Surface Methodology

The three-factor, three-level central combination experimental design featured en-
zymatic hydrolysis temperature (A), enzyme addition (B), and liquid-solid ratio (C) as
independent variables, and the response surface optimization experimental design and
results are shown in Table 3. The results show that there is a second-order polynomial
relationship between these three independent variables:

Yield (mg/g) = 0.2348 + 0.0151A — 0.0016B + 0.0167C — 0.0068AB + 0.0015AC +
0.0005BC — 0.0298 A —0.0393B% — 0.0265C?

Table 3. The RSM experiment design and results.

Enzymatic Hydrolysis Enzyme Liquid-Solid s
Run Temperature Addition Ratio Quel;ceh/n )Y feld

(A) €0) (B) (%) (O) (mL/g) mes
1 —1(30) 0(15) —1(25) 0.150
2 0 (50) 1 (20) —1(25) 0.154
3 —1(30) 0(15) 1(35) 0.184
4 0 (50) 0(15) 0(30) 0.220
5 1(70) 0(15) —1(25) 0.170
6 0 (50) 0(15) 0(30) 0.241
7 1(70) 1 (20) 0 (30) 0.174
8 0 (50) 0(15) 0 (30) 0.230
9 0 (50) 0(15) 0(30) 0.243
10 0 (50) 0(15) 0(30) 0.240
11 —1(30) —1(10) 0 (30) 0.144
12 1(70) —1(10) 0(30) 0.195
13 0 (50) —1(10) 1(35) 0.183
14 0 (50) 1 (20) 1(35) 0.185
15 —1(30) 1 (20) 0(30) 0.150
16 1(70) 0(15) 1(35) 0.210

17 0 (50) ~1(10) —1(25) 0.154
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The ANOVA and significance test are shown in Table 4, the regression model was
significant, with p < 0.01, and the coefficient of determination R? = 0.9723, which indicated
that the model could explain 97.23% of the variation of the response value, and the model
was well-fitted. The lack of fit was 0.6536 (p > 0.05), indicating that the model had a high
degree of fitting. The effects of the three factors on the amount of quercetin extracted from
dandelion quercetin were, in descending order, liquid—solid ratio > enzymatic hydrolysis
temperature > enzyme addition.

Table 4. Test of significance for regression coefficient.

Source Sum of Squares  Df Mean Square F Value p Value
Model 0.0190 9 0.0021 27.2923 0.0001
A-Enzymatic hydrolysis temperature 0.0018 1 0.0018 23.6997 0.0018
B-Enzyme addition 2.113 x 10° 1 2.113 x 10° 0.2736 0.6171
C-Liquid-solid ratio 0.0022 1 0.0022 29.0658 0.0010
AB 0.0002 1 0.0002 2.3601 0.1684
AC 9 x 10° 1 9 x 10° 0.1165 0.7428
BC 1 x 10° 1 1 x 10° 0.0129 0.9126
A? 0.0037 1 0.0037 48.3395 0.0002
B2 0.0065 1 0.0065 84.1068 3.774 x 10°
C? 0.0030 1 0.0030 38.3627 0.0004
Residual 0.0005 7 7.722 x 10°
Lack of fit 0.0002 3 5.525 x 10° 0.5896 0.6536
Pure error 0.0004 4 9.37 x 10°
Cor total 0.0195 16

3.2.1. Response Surface Analysis

The effects of the interaction of two factors on the extraction of quercetin from dande-
lion are shown in Figure 2. The denser the contours, the closer the shape is to an ellipse,
and the steeper the slope of the response surface, the greater the interaction of the two
factors. Compared with A and C and B and C, the interaction of A and B had a greater
effect on the extraction of quercetin.

3.2.2. Verification Tests

The optimum solution designed by the Design Expert software 13 was an enzyme
digestion temperature of 55 °C, enzyme addition of 14.79%, and liquid-solid ratio of
31.62:1 mL/g. Based on these process conditions, three parallel experiments of quercetin
extraction from dandelion were carried out, and the actual yield was obtained to be
0.24 +0.011 mg/g.

3.3. Methodological Validation
3.3.1. Linearity, Limits of Detection, and Quantification

The linear regression equation was obtained as Y = (47430574.62 + 9090.48) X —
(291145.83 + 1755.19) (r? = 0.9988, 1 = 5). Quercetin showed good linearity in the range
of 0.03125~0.5 mg/mL. Based on the limit of detection (LOD) and limit of quantification
(LOQ) equations, the LOD and LOQ of quercetin were calculated as 0.12 pg/mL and
0.37 pg/mL, respectively.

3.3.2. Stability

Under the extraction conditions, the stability of the target was evaluated in terms
of recovery, and the stability of the quercetin control solution was determined after the
ionic liquid—-enzyme complex extraction and after 7 d of extraction, respectively [34]. The
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average recovery of quercetin under process conditions was 98.09%. After 7 d of storage,
the average spiked recovery was 97.24% stability (Table 5).
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Figure 2. Contour plots and response surface plots of dandelion extracts affected by enzymatic
hydrolysis temperature (A), enzyme addition (B), and liquid-solid ratio (C) on quercetin yield.
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Table 5. Method validation studies.

Stability Studies of Quercetin Reference Substances Under Optimal Extraction Conditions of Ionic Liquid—-Enzyme

Complex System

Recovered

Initial €O concentration after  RSD% Average Recovgred RSD% Average
Compound centration . — o concentration after — o
(mg/mL) extraction (n=3) recovery (%) 7 days (mg/mL) (n=23) recovery (%)
mg/m (mg/mL) ays (mg/m
quercetin 0.106 0.104 0.64% 98.09% 0.103 0.53% 97.24%
Recovery of quercetin from the dandelion
Contents of Mass of added The mass of the sample was analyzed with added o
Sample the sample reference Recovery (%)
reference substances (mg)
(mg) substances (mg)
1 0.234 0.116 0.348 99.429%
2 0.234 0.119 0.351 99.433%
3 0.234 0.117 0.349 99.430%
Average 99.431%

3.3.3. Recovery

The recovery of ionic liquid—enzyme complex extraction under the extraction con-
ditions was investigated. To the samples quercetin control solution was added and they
were treated with ionic liquid—enzyme complex system extraction and the HPLC results
are shown in Table 5. The average spiked recovery of quercetin was 99.431%.

3.3.4. Repeatability

To verify the reproducibility of the experimental technique, the extraction of the
ionic liquid—enzyme complex system was carried out under optimal extraction conditions.
The results of six parallel experiments showed that the quercetin yield was reproducible
with an RSD of 1.31%, demonstrating that the ionic liquid-enzyme complex extraction is
highly reliable.

3.4. Comparison with Conventional Methods

Reflux extraction was used for comparison with our ionic liquid—enzyme complex
extraction. The extraction process was as follows: 0.5 g of dried sample was mixed with
75% ethanol solution and then extracted at reflux at 80 °C for 2 h. The yield of dandelion
quercetin was 0.185 & 0.015 mg/g.

3.5. Network Pharmacology Analysis
3.5.1. Screening of Quercetin and Antioxidant-Related Targets

The existence of 100 potential targets of quercetin in dandelion was predicted by
SwissTargetPrediction, and 4901 antioxidant-related targets were retrieved from related
databases, and 1286 antioxidant-related targets were obtained by filtering with a relevance
score >0.88 as the criterion. The intersection of quercetin potential targets and antioxidant-
related targets was taken to draw a Venn diagram, and 57 intersecting targets were obtained,
as shown in Figure 3a. The quercetin—target—function network diagram in dandelion was
drawn using Cytoscape 3.10.1, as shown in Figure 3b.
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Figure 3. Network pharmacology analysis of quercetin-antioxidant relationship: (a) Venn diagram of
quercetin-antioxidant targets; (b) quercetin—antioxidant target network. Green rectangular nodes

represent dandelions; blue hexagonal nodes represent quercetin; orange octagonal nodes represent

antioxidant functions; and purple oval nodes represent intersecting targets.

3.5.2. Construction of PPI Protein Interaction Network

The 57 intersecting targets were imported into the STRING database to obtain the PPI
network and visualized (Figure 4) and screened using Cytosacpe 3.10.1 based on Closeness,
Betweenness, and Degree, to obtain the core targets AKT serine/threonine kinase 1 (AKT1),
Epidermal Growth Factor Receptor (EGFR), Matrix metallopeptidase 9 (MMP9), glycogen
synthase kinase 33 (GSK3B), and matrix metallopeptidase 2 (MMP2), as shown in Table 6.

AKR1C2 AHR aLOX15

MMP13 \/ \ \.CD38
CXCR1 B
\/
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TTR

AKR1B10 \\
AP

ABCCT]

“INSR gL o CSNK2AT

Figure 4. Protein—protein interaction (PPI) network.
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Table 6. Potential hub proteins ranked as top 10.
Target Degree Betweenness Closeness
AKT1 38 726.2767 0.013514
EGFR 30 214.8449 0.011236
MMP9 27 177.4418 0.011111
GSK3B 25 174.5827 0.011236
SRC 25 87.43865 0.010638
MMP2 21 99.09848 0.010309
PARP1 21 138.1256 0.010206
ABCG2 16 138.8101 0.009804
CDK2 16 90.74173 0.009434
ABCB1 15 91.323 0.009804

PValue

3.5.3. GO Enrichment Analysis and KEGG Enrichment Analysis

The 57 intersecting targets were imported into the DAVID database, yielding 333 GO
entries and 76 KEGG pathways. The biological processes involved in the quercetin antioxi-
dant targets include the daunorubicin metabolic process, doxorubicin metabolic process,
negative regulation of the apoptotic process, positive regulation of protein kinase B sig-
naling, protein phosphorylation, and the positive regulation of protein localization to the
nucleus. Cellular components include the membrane raft, extracellular exosome, cytosol,
receptor complex, plasma membrane, and mitochondrion. Molecular processes include
alditol: NADP+1-oxidoreductase activity, oxidoreductase activity, protein tyrosine kinase
activity, ATP binding, and protein kinase activity, as shown in Figure 5a. Following the
analysis of KEGG pathways, it can be seen that the main antioxidant pathways of quercetin
are chemical carcinogenesis-reactive oxygen species, endocrine resistance, EGFR tyrosine
kinase inhibitor resistance, the PI3K/ Akt signaling pathway, prostate cancer, proteogly-
cans in cancer, pathways in cancer, focal adhesion, the adherens junction, and ovarian
steroidogenesis, as shown in Figure 5b.

hsa05208:Chemical carcinogenesis — reactive oxygen species [ ]

hsa01522:Endocrine resistance o

—logjo(pvalue)
hsa04151:PI3K-Akt signaling pathway I 7

hsa01521:EGFR tyrosine kinase inhibitor resistance
hsa05215:Prostate cancer 4

hsa05205:Proteoglycans in cancer count
® 5
hsa05200:Pathways in cancer o7
[ X3
hsa04913:Ovarian steroidogenesis{ @ o

[ RBE

hsa04520:Adherens junctiond @
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Biological process
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(@)

Molecular function 25 3.0 35 4.0 4.5 5.0

Figure 5. GO and KEGG analysis of the targets: (a) GO function enrichment of quercetin—antioxidant
targets; (b) KEGG enrichment of quercetin—antioxidant targets. GO: gene ontology; KEGG: Ky-
oto Encyclopedia of Genes and Genomes. BP: Biological Process; CC: Cellular Component; MF:
Molecular Function.

3.6. In Vitro Antioxidant Activity of Quercetin

The antioxidant activity of quercetin was determined by the DPPH and eOH methods
and ascorbic acid was used as the control. As shown in Figure 6, in the DPPH assay,
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Scavenging (%)

quercetin was measured in the concentration range of 0.04 to 0.06 mg/mL, and clearance
increased with concentration. The antioxidant activity of quercetin (94.19 + 1.01%) was
close to that of ascorbic acid (95.08 &= 1.31%) when the concentration was up to 0.08 mg/mL
(Figure 6a). The IC50 value of quercetin for scavenging DPPH radicals was 0.005 mg/mL.
When the concentration of quercetin increased to 0.4 mg/mL, the clearance rate was
61.51 + 4.75% in the #OH assay (Figure 6b). Quercetin’s IC50 value for hydroxyl radical
scavenging was 0.579 mg/mL. These results indicated that the quercetin had strong DPPH
and eOH radical scavenging activity.
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Figure 6. The antioxidant ability of the quercetin: (a) DPPH radical scavenging activity; (b) «OH
radical scavenging activity. Data are shown as the mean £ SD (n = 3).

4. Discussion

Ionic liquid can dissolve cellulose, and plant cell walls, with a high extraction efficiency,
and stable physical and chemical properties [35]. It has been shown that ultrasound-assisted
extraction of quercetin from edible feijoa flowers usually yielded a value in the range of
10.86-16.13 ng/g [36]. Quercetin in dandelion was extracted using conventional reflux with
a yield of 0.185 % 0.015 mg/g, while the ionic liquid—enzyme composite system-assisted
ultrasonic extraction of quercetin from dandelion yielded 0.24 & 0.011 mg/g, which was
1.3 times higher than that of the conventional reflux extraction. The ionic liquid we used is
a new type of green solvent, which has good solubility and can break the hydrogen bond
between the cellulose molecules [37]. At the same time, the anions of ionic liquid have
interactions with natural compounds, and strong interactions can improve the extraction
rate of natural compounds, and the interactions between the cationic carbon chains of ionic
liquids and solutes can also improve the extraction efficiency [38]. Compared with the
organic solvent extraction method, ionic liquid extraction has less dosage, environmental
protection, and a high extraction efficiency [39]. The cellulase used is a complex enzyme
system composed of a variety of hydrolases, which can destroy the cell wall, promote the
spill of active ingredients from the cell, and reduce the extraction time [40]. Quercetin and
its glycosides, including quercetin-7-O-3-D-glucoside and quercetin-3-O-3-D-glucoside,
are present in dandelion [41]. Cellulase facilitates the conversion of quercitrin to quercetin
in dandelion and improves the extraction rate of quercetin from dandelion [42]. An ionic
liquid-enzyme complex system can effectively overcome the disadvantages of a single
extraction method, such as a low yield, long extraction time, and large amounts of volatile
reagents [43,44]. On an industrial scale, the choice of an ionic liquid—enzyme composite
system is significantly cost-effective and sustainable [45,46]. Compared to the conventional
reflux extraction method, the ionic liquid—enzyme composite system helps to shorten the
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extraction time, reduce the use of organic solvents, and is environmentally friendly [47].
Ionic liquids are recoverable green solvents. Although their recovery requires a high energy
consumption, Ionic Liquid Membrane (ILM) technology has emerged as a new way to
overcome this drawback [48].

The average recovery of quercetin after 7 days was 97.24%, with good stability. How-
ever, the stability of quercetin changes significantly under specific conditions of temper-
ature, light, oxygen, and humidity. Both hydroxylation and oxidation reactions lead to
the degradation of quercetin [49]. The stability of quercetin and its bioavailability can be
improved by encapsulated delivery systems, such as nanoparticles, liposomes, and mi-
celles. Quercetin exhibits strong antioxidant effects mainly by affecting enzyme activities,
transduction pathways, and reactive oxygen species (ROS) [50]. PPI analysis of quercetin
and antioxidant intersection targets was performed to screen core targets including AKT1,
EGFR, and MMP9. AKT1, one of the major isomers of AKT, is involved in cell prolifera-
tion, cell growth, oxidative stress, and other signaling pathways [51]. AKT can inhibit the
response of ASK1 to oxidative stress, weaken the apoptotic signal induced by H,O,, and
thus inhibit oxidative stress-induced apoptosis [52]. EGFR belongs to the family of receptor
tyrosine kinases (RTKs), and Cardone L experiments demonstrated that alleles carrying
EGER or PIK3CAGD are involved in antioxidants via the expression of MnSOD and catalase
genes [53]. MMP9 belongs to a family of MMPs that can degrade extracellular matrix
components and play an important role in localized protein hydrolysis in the extracellular
matrix. Quercetin can inhibit cancer cell migration and invasion by reducing the protein
level of MMP9 [54]. GO functional enrichment analysis showed that quercetin could affect
oxidoreductase, protein tyrosine kinase activity, the negative regulation of apoptosis, and
the positive regulation of protein kinase B signaling to achieve antioxidant effects. KEGG
signaling pathway analysis showed that quercetin may exert its antioxidant effects through
the pathways of chemical carcinogenesis-reactive oxygen species, endocrine resistance,
EGFR tyrosine kinase inhibitor resistance, PI3K/ Akt signaling, the cancer pathway, prostate
cancer, and proteoglycans in cancer. PI3K/ Akt is one of the major intracellular signaling
pathways that regulate various cellular functions, such as apoptosis, cell migration, and
angiogenesis. Quercetin can reduce intracellular ROS and apoptosis through the PIK3/ Akt
signaling pathway [55]. Molecular docking, gene expression microarray analysis, and
mouse models can be used to validate the predictive molecular targets of quercetin [56].

5. Conclusions

In this study, the ionic liquid—enzyme composite system-assisted ultrasonic extraction
method was used to optimize the process parameters of dandelion quercetin by response
surface design, which were as follows: a liquid—solid ratio of 31.62:1 (mL/g), an enzymatic
hydrolysis temperature of 55 °C, a cellulase addition of 14.79% of the absolute dry weight,
and a yield of quercetin of 0.24 & 0.011 mg/g. Quercetin is a powerful antioxidant that
scavenges reactive oxygen species from the body, protects cells from oxidative damage, and
plays an important role in anti-tumor, anti-inflammatory, and cardiovascular protection.
It therefore has a strong therapeutic potential. Quercetin regulates core targets such as
AKT1, EGFR, and MMP9, activates signaling pathways such as chemical carcinogenesis-
reactive oxygen species, endocrine resistance, EGFR tyrosine kinase inhibitor resistance,
the PI3K-Akt signaling pathway, the cancer pathway, proteoglycans in cancer, and other
signaling pathways to regulate the balance of oxidative stress, and exerts an antioxidant
function. This study provides data-backed support regarding the efficiency of the extraction
process, and the excellent antioxidant ability of the quercetin of Taraxacum mongolicum.
However, the biological activity of quercetin is susceptible to a variety of factors, and its
long-term stability is an issue that needs to be explored. In a follow-up study, we can
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experimentally verify the pharmacological targets and further explore the antioxidant
mechanism of quercetin.
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