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Abstract: The excessive expression of reactive oxygen species is closely connected to many diseases.
Considerable studies have demonstrated dandelion as well as its ingredients exhibited antioxidant
activity. However, specific material basis reflecting the antioxidant activity has not been compre-
hensively investigated. In this study, a spectrum–effect relationship study on dandelion between
fingerprinting and antioxidant activity was analyzed in detail, while a UHPLC quantification method
developed and completely validated for simultaneous determination of active ingredients in dande-
lion. With the establishment of dandelion fingerprints of different regions, 24 common peaks were
characterized. The classic FRAP method and ABTS methods were then used to detect their antioxidant
activity. Partial least squares regression analysis, bivariate correlation analysis and grey correlation
method were used to accomplish the spectrum–effect relationship. Eventually, the ingredients with
antioxidant activity which could be considered as candidate quality markers of dandelion were
discovered through spectrum–effect relationship analysis. The six compounds including caftaric acid,
chlorogenic acid, caffeic acid, chicoric acid, isochlorogenic acid A, and isochlorogenic acid C were
quantitatively determined. The developed UHPLC assay method was accurate, precise, and reliable.
The study has elucidated the antioxidant material basis of dandelion and provided a scientific basis
for the quality control of dandelion.

Keywords: dandelion; antioxidant activity; spectrum–effect relationship; quantitative analysis;
quality control

1. Introduction

Dandelion (Taraxacum mongolicum Hand.-Mazz) is a perennial herb in the Asteraceae
family and it is also a classic traditional Chinese herbal drug. Dandelion mainly grows in
temperate to subtropical regions of the Northern Hemisphere and is widely distributed in
China [1,2]. According to traditional Chinese medicine (TCM) theory, dandelion is “cold”
in nature and “bitter and sweet” in flavor. It returns to the “meridians” of liver and stomach,
and has the effects of “clearing away heat and toxic materials”, and “removing dampness”.
It is commonly used in complementary medicine for pathopyretic ulcer, jaundice, pyretic
stranguria, and swelling of the eye, etc. [3]. Dandelion contains various active ingredients
such as phenolic acids, flavonoids, polysaccharides, terpenoids, and sterols, which have
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various pharmacological effects such as anti-oxidation, anti-inflammatory, anti-tumor,
hypoglycemic, hepatoprotective, and antibacterial [4–8].

In recent years, a large number of studies have shown that the excessive expres-
sion of reactive oxygen species in the body is closely related to many diseases, such
as diabetes [9,10], aging [11,12], cancer [13,14], inflammation [8], liver disease [15], and
atherosclerosis [16]. Therefore, the study of antioxidant drugs has attracted more and more
attention. Meanwhile, the study of the antioxidant mechanism is of great significance for
the treatment of diseases. It is reported that a variety of ingredients in dandelion have
antioxidant activity [17–19]. However, these studies mainly focused on the antioxidant
activity of monomer ingredients in dandelion, and the chemical constituents endowed with
pharmacological effects are still uncertain. The study on the material basis of antioxidant
efficacy of dandelion is of great significance, and this study is currently lacking.

Traditional Chinese medicine (TCM) has a long history in China. TCM is characterized
by the synergistic action of multiple ingredients, multiple targets, and multiple pathways.
So, in the quality control of TCM, the content quantification of a single ingredient cannot
reflect its quality comprehensively [20,21]. In recent years, the quality control of TCM
has made great progress. However, there are still many problems, and it is difficult
to objectively evaluate and effectively control the quality of TCM [22]. The spectrum–
effect relationship is generally based on the fingerprint of TCM, combined with anti-
disease activity experiments, to discover the quality markers based on efficacy using
chemometric statistical methods. The quality of TCM is difficult to be reflected by a single
ingredient, and multiple ingredients based on efficacy can better control its quality. The
spectrum–effect relationship can screen the index ingredient based on efficacy, so it can
more comprehensively reflect the internal quality of TCM and optimize the deficiency
caused by the lack of efficacy-based quality markers in quality control [23,24]. At the
same time, it can overcome the shortcomings of chromatograms that only contain chemical
characteristics and have little pharmacological information of ingredients [25]. In recent
years, the spectrum–effect relationship has been widely used in the study of TCM, and
has played an indispensable role in the modernization and internationalization of TCM.
Moreover, it is also the primary technical means to explore the specific pharmacological
material basis of TCM [26]. At present, there are few studies on quality markers based on
efficacy of dandelion. Therefore, in order to better control the quality of dandelion, it is
necessary to quantitatively analyze the active ingredients of dandelion.

In this study, the antioxidant activity of dandelion was used as the pharmacological
index. The chromatographic fingerprints of dandelion water extracts from different origins
were established. Three statistical correlation analysis methods, including partial least
squares regression analysis (PLSA), bivariate analysis (BCA), and gray correlation analysis
(GRA), were used to establish the spectrum–effect relationship between the fingerprints
and antioxidant efficacy, and the main antioxidant ingredients in dandelion were explored.
Furthermore, a series of ingredients with antioxidant activity were adopted as the character-
istic ingredients in the quality control of dandelion. An UHPLC quantification method of
the ingredients was successively established and completely validated, which may provide
a promising basis for the quality control of dandelion.

2. Results and Discussion
2.1. UHPLC Fingerprinting
2.1.1. Development of Chromatographic Method

Firstly, full-wavelength scanning was performed. The results showed that the UV
absorption spectra of phenolic acids in the samples were similar, with the maximum ab-
sorption around 323 nm. Therefore, 323 nm was selected as the detection wavelength. Two
separation columns, Agilent InfinityLab Poroshell 120 SB-AQ (4.6 mm × 100 mm, 2.7 µm)
and Agilent InfinityLab Poroshell 120 SB-AQ (4.6 mm × 150 mm, 2.7 µm), were compared.
More compounds with a clearer peak shape were detected using the latter column, so it
was used for sample determination. In addition, methanol–water and acetonitrile–water
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systems were also investigated as mobile phases. Finally, acetonitrile–water system was
selected as the mobile phase. On the one hand, the phenolic acid ingredients have certain
polarity, and the elution ability of acetonitrile solution is better than that of methanol. On
the other hand, the baseline was more stable when acetonitrile–water was used as the
mobile phase. Moreover, 0.1% formic acid was added to both organic and aqueous phase as
a modifier to improve peak tailing. Later, by adjusting the flow rate, column temperature,
injection volume and gradient elution program, a variety of ingredients finally met the
requirements of the fingerprint and quantitative analysis.

2.1.2. Analytical Method Validation

Chicoric acid, peak No.14 with good resolution and abundant peak area, was selected
as the fingerprinting reference. The results of system suitability test including the number
of theoretical plates, tailing factors, resolution of chromatographic peaks, sensitivity and
instrumental precision are all within acceptance. In analytical method validation, the results
of precision, reproducibility, and sample stability tests were calculated based on it. The
results showed that relative standard deviation (RSD) of the relative retention time and the
relative peak area for each common peak was not more than 2.49% (n = 6), which exhibit a
fine reliability of the fingerprinting method.

2.1.3. Analysis of UHPLC Fingerprints and Their Similarity

Nineteen batches of processed dandelion pieces from different geographical origins
were used in the UHPLC fingerprinting study, and 24 common peaks were concluded,
including the internal reference peak chicoric acid. The sum of common peak area was
accounted for more than 95% of the total peak area, which was qualified for the finger-
printing study. Comparing with the retention time and UV absorption characteristics of
the reference standards, a total of 10 chromatographic peaks were identified, including
1-neochlorogenic acid, 2-caftaric acid, 8-chlorogenic acid, 9-caffeic acid, 14-chicoric acid,
15-luteolin, 16-isochlorogenic acid B, 17-isochlorogenic acid A, 19-isochlorogenic acid C,
and 22-luteoloside. The typical chromatograms of the test solution are shown in Figure 1.
The similarity analysis was performed on the 19 batches of dandelion, and the similarities
are shown in Table 1. Fingerprint overlays of 19 batches of dandelion are shown in Figure 2.
The similarities among different batches of samples were ranged from 0.968 to 1.000.
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Table 1. Similarity analysis results of 19 batches of dandelion.

Samples Similarity Samples Similarity

S1 0.999 S11 0.998
S2 0.990 S12 1.000
S3 0.998 S13 0.999
S4 0.986 S14 0.999
S5 0.999 S15 0.999
S6 0.968 S16 0.999
S7 0.981 S17 0.996
S8 0.997 S18 1.000
S9 0.998 S19 0.999

S10 0.999
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2.2. Antioxidant Activity Tests

The standard curve of the FeSO4 standard solution is shown in Figure 3A. The regres-
sion equation was y = 0.1958x + 0.1089, R2 = 0.9993. The total antioxidant capacity of the
sample was calculated from the standard curve, and expressed as FeSO4 standard solu-
tion equivalents. The antioxidant activities (Ferric Reducing Ability of Plasma, FRAP) of
19 batches of dandelion are shown in Table 2.
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Table 2. Total antioxidant capacity of 19 batches of dandelion.

Samples FRAP (mM) ABTS (mM) Samples FRAP (mM) ABTS (mM)

S1 0.6556 ± 0.0106 0.5239 ± 0.0453 S11 0.6246 ± 0.0438 0.3975 ± 0.0327
S2 0.6251 ± 0.0049 0.4748 ± 0.0483 S12 0.8345 ± 0.0314 0.3983 ± 0.0192
S3 0.5245 ± 0.0136 0.3771 ± 0.0285 S13 0.6864 ± 0.0066 0.3991 ± 0.0182
S4 0.6120 ± 0.0259 0.4039 ± 0.0224 S14 0.6103 ± 0.0326 0.4048 ± 0.0391
S5 0.8247 ± 0.0703 0.4502 ± 0.0190 S15 0.5735 ± 0.0292 0.4151 ± 0.0336
S6 0.5455 ± 0.0161 0.3751 ± 0.0169 S16 0.7193 ± 0.0256 0.4412 ± 0.0134
S7 0.4351 ± 0.0212 0.3971 ± 0.0208 S17 0.6660 ± 0.0294 0.37383 ± 0.0261
S8 0.4430 ± 0.0099 0.3580 ± 0.0339 S18 0.7063 ± 0.0351 0.37379 ± 0.0451
S9 0.4677 ± 0.0253 0.3241 ± 0.0342 S19 0.7729 ± 0.0421 0.4320 ± 0.0176

S10 0.5194 ± 0.0049 0.3789 ± 0.0356

The standard curve of the Trolox standard solution is shown in Figure 3B. The regres-
sion equation was y = −0.663x + 0.807, R2 = 0.9909. The total antioxidant capacity of the
sample was calculated from the standard curve, and expressed as Trolox-Equivalent Antiox-
idant Capacity (TEAC). The antioxidant activities (2,2′-amino-di (2-ethyl-benzothiazoline
sulphonic acid-6) ammonium salt, ABTS) of 19 batches of dandelion are shown in Table 2.

Antioxidant activities of different methods of 19 batches of dandelion are shown in
Figure 4. It can be noticed that the general trends of the two methods of the determination
results for different batches of samples were in accordance, yet the orders of antioxidant
activity of 19 batches of dandelion obtained by different methods remained different. This
may be due to the different principles of the two antioxidant activity determination methods.
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The mechanism of antioxidants can be summarized as two ways of scavenging free
radicals and binding metal ions, etc., which are in accordance with the principles of
ABTS and FRAP methods. For FRAP assay of total antioxidant capacity, antioxidant can
reduce Fe3+-TPTZ under acidic conditions to produce a blue Fe2+-TPTZ [27], and the total
antioxidant capacity in the sample can be obtained by measuring the absorbance at 593 nm
subsequently. While ABTS can be oxidized to green ABTS + free radical under the action of
appropriate oxidant, and the production of ABTS + free radical is inhibited in the presence
of antioxidants [28]. The total antioxidant capacity of the sample can be determined and
calculated by measuring the absorbance of ABTS + at 734 nm or 405 nm. The difference
of principle between ABTS and FRAP assay is an important reason which lead to the
difference in assay. Therefore, it is better not to use a single pharmacological indicator to
evaluate the antioxidant activity, and a more comprehensive analysis should be carried out
by integrating multiple characters.
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2.3. Spectrum–Effect Relationship Analysis
2.3.1. Partial Least Squares Regression Analysis (PLSR)

The FRAP assay was evaluated firstly. The correlation coefficient of 24 chromatographic
peaks with antioxidant capacity is shown in Figure 5A. A positive regression coefficient
stands for a positive correlation, and a negative regression coefficient stands for a negative
correlation. The variable importance in projection (VIP) is shown in Figure 6A, of which
VIP value > 1 indicate that the above ingredients have a significant effect on the antioxidant
effect. The fitting parameter R2 of the model was 0.6611, the prediction parameter Q2 was
0.5736. Both R2 and Q2 were greater than 0.5, indicating that this model was statistically sig-
nificant. In summary, the order of antioxidant activity (FRAP) of the ingredients was: chicoric
acid > caftaric acid > chlorogenic acid > neochlorogenic acid > peak 6 > peak 4 > isochlorogenic
acid C > isochlorogenic acid A > peak 5 > peak 12 > peak 3 > isochlorogenic acid B. The ABTS
assay was analyzed in the same way and the results are shown in Figures 5B and 6B. The
order of antioxidant activity (ABTS) of the ingredients was: chicoric acid > isochlorogenic
acid C > peak 20 > chlorogenic acid > caftaric acid > isochlorogenic acid A > peak 5 > caffeic
acid > neochlorogenic acid > peak 10. The specific values of correlation coefficient and VIP
value of 24 chromatographic peaks with antioxidant capacity are shown in Tables S1–S4.

2.3.2. Bivariate Correlation Analysis (BCA)

Firstly, it is necessary to check whether the variables conform to normal distribution
before bivariate analysis. Kolmogorov–Smirnov (K-S), Shapiro–Wilk (S-W) normality test
parameters and significant values were calculated by SPSS 25.0 software. The results are
shown in Table 3. When significant value is higher than 0.05, it follows normal distribution.
As the number of samples was less than 100, which belonged to small sample analysis, the
results were based on S-W normality test. It can be seen from the results that Peak 1, Peak
4, Peak 6, Peak 13, Peak 15, Peak 20, Peak 22, and Peak 24 did not conform to the normal
distribution. Therefore, the Spearman coefficient which did not require the distribution of
the original variables was selected when selecting the bivariate correlation coefficient.
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Table 3. Results of normality test.

Kolmogorov–Smirnov a Shapiro–Wilk
No.

Result Sig. Result Sig.

Peak 1 0.166 0.176 0.878 0.020
Peak 2 0.124 0.200 * 0.942 0.286
Peak 3 0.183 0.095 0.940 0.263
Peak 4 0.134 0.200 * 0.876 0.018
Peak 5 0.097 0.200 * 0.970 0.770
Peak 6 0.198 0.047 0.859 0.010
Peak 7 0.141 0.200 * 0.966 0.692
Peak 8 0.169 0.159 0.916 0.096
Peak 9 0.119 0.200 * 0.967 0.723

Peak 10 0.132 0.200 * 0.973 0.838
Peak 11 0.107 0.200 * 0.954 0.454
Peak 12 0.148 0.200 * 0.970 0.780
Peak 13 0.239 0.006 0.861 0.010
Peak 14 0.116 0.200 * 0.975 0.865
Peak 15 0.200 0.043 0.896 0.041
Peak 16 0.153 0.200 * 0.952 0.431
Peak 17 0.135 0.200 * 0.939 0.253
Peak 18 0.121 0.200 * 0.976 0.881
Peak 19 0.136 0.200 * 0.971 0.798
Peak 20 0.265 0.001 0.839 0.005
Peak 21 0.163 0.197 0.940 0.263
Peak 22 0.219 0.017 0.721 0.000
Peak 23 0.148 0.200 * 0.917 0.098
Peak 24 0.187 0.078 0.819 0.002
FRAP 0.087 0.200 * 0.969 0.760
ABTS 0.188 0.077 0.932 0.188

a Lilliefors Significance Correction. * This is a significant lower limit of true.
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Using Spearman’s correlation coefficient method, the results of Spearman′s correlation
coefficient between the peak area of each common peak and antioxidant activity are shown
in Table 4. The FRAP assay was evaluated firstly. Peaks 1 and 2 represented ingredients
with strong correlation with antioxidant activity (r > 0.8; p < 0.05), and peaks 3, 4, 5, 6, 8, 9,
10, 12, and 14 represented ingredients with moderate correlation with antioxidant activity
(0.5 < r < 0.8; p < 0.05). In summary, the order of antioxidant activity of the ingredients was:
caftaric acid > neochlorogenic acid > chicoric acid > chlorogenic acid > 6 > 4 > 12 > 5 = caffeic
acid > 10 > 3 > isochlorogenic acid C > isochlorogenic acid A. At the same time, the order
of antioxidant activity (ABTS) of the ingredients was: chicoric acid > isochlorogenic acid
C > neochlorogenic acid > chlorogenic acid > isochlorogenic acid A > caftaric acid > 5.

Table 4. Spearman correlation coefficient between variables and antioxidant activity data.

No. FRAP ABTS No. FRAP ABTS

Peak 1 0.805 ** 0.547 * Peak 13 0.263 0.279
Peak 2 0.809 ** 0.460 * Peak 14 0.789 ** 0.735 **
Peak 3 0.528 * 0.258 Peak 15 −0.018 −0.263
Peak 4 0.649 ** 0.302 Peak 16 0.423 0.305
Peak 5 0.568 * 0.458 * Peak 17 0.479 * 0.467 *
Peak 6 0.658 ** 0.307 Peak 18 −0.025 0.089
Peak 7 −0.019 −0.221 Peak 19 0.491 ** 0.554 *
Peak 8 0.767 ** 0.516 * Peak 20 0.277 0.430
Peak 9 0.568 * 0.430 Peak 21 0.244 −0.260

Peak 10 0.558 * 0.288 Peak 22 0.125 0.056
Peak 11 0.018 −0.282 Peak 23 −0.204 −0.226
Peak 12 0.595 ** 0.396 Peak 24 −0.246 −0.312

“**” indicates the correlation is significant at the 0.01 level; “*”—indicates the correlation is significant at the 0.05 level.

2.3.3. Gray Correlation Analysis (GRA)

The gray correlation degrees of 24 ingredients are shown in Table 5. The closer the cor-
relation degree is to 1, the greater the influence of the ingredient on the antioxidant activity.
The results of ABTS assay were consistent with those of FRAP assay. The characteristic
peaks with r > 0.8 in Table 5, combined with the identified ingredients in the fingerprint,
were chicoric acid, caftaric acid, chlorogenic acid, isochlorogenic acid B, neochlorogenic
acid, isochlorogenic acid C, isochlorogenic acid A, caffeic acid, and luteolin. As a result, the
above substances were deduced to possess antioxidant capacity.

Table 5. Gray relational analysis results between variables and antioxidant activity data.

No. R (FRAP) R (ABTS) No. R (FRAP) R (ABTS)

Peak 1 0.898 0.942 Peak 13 0.861 0.848
Peak 2 0.909 0.919 Peak 14 0.930 0.846
Peak 3 0.854 0.902 Peak 15 0.7927 0.845
Peak 4 0.838 0.901 Peak 16 0.901 0.841
Peak 5 0.861 0.896 Peak 17 0.887 0.836
Peak 6 0.808 0.886 Peak 18 0.7794 0.825
Peak 7 0.7366 0.883 Peak 19 0.895 0.819
Peak 8 0.907 0.882 Peak 20 0.868 0.8187
Peak 9 0.883 0.881 Peak 21 0.6447 0.7978

Peak 10 0.857 0.877 Peak 22 0.822 0.7798
Peak 11 0.6413 0.865 Peak 23 0.869 0.6808
Peak 12 0.7402 0.851 Peak 24 0.838 0.6624

2.3.4. Comprehensive Analysis of Spectrum–Effect Relationship

To visualize the spectrum–effect relationship, the heatmap of antioxidant correlation
coefficient of 24 chromatographic peaks of different statistical methods is shown in Figure 7.
Combining the results of the above spectrum–effect relationship statistical analysis, it can
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be seen that the overlap of antioxidant ingredients obtained by the three methods is high,
of which the results of PLSR and BCA are more consistent. Comprehensive analysis of
PLSR, BCA, and GRA results showed that caftaric acid, neochlorogenic acid, chlorogenic
acid, caffeic acid, chicoric acid, isochlorogenic acid A, isochlorogenic acid B, isochlorogenic
acid C, peak 3, peak 4, peak 5, peak 6, and peak 12 had significant effects on antioxidant
activity from FRAP assay, while chicoric acid, isochlorogenic acid C, neochlorogenic acid,
chlorogenic acid, caftaric acid, caffeic acid, isochlorogenic acid A, and peak 5 had significant
effects on antioxidant activity from ABTS assay. The comprehensive antioxidant material
basis was concluded by taking the intersection of the above two. The Venn graph of the
process is shown in Figure 8.
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Finally, six of the seven common compounds with the content greater than 0.005%
in dandelion were characterized as the pharmacological material basis of dandelion with
antioxidant activity. The six ingredients are caftaric acid, chlorogenic acid, caffeic acid,
chicoric acid, isochlorogenic acid A, and isochlorogenic acid C, which can be selected
as quality markers for dandelion. The results indicated that the antioxidant efficacy of
dandelion is a combination of multiple ingredients.

The principles of data analysis methods for spectrum–effect relationship are different,
which may lead to different results. Each data analysis method has certain defects to some
extent. BCA and GRA are methods to predict the correlation between each ingredient and
the efficacy, focusing on judging the correlation between chromatographic peak and the
efficacy index. However, it is difficult to describe the comprehensive contribution of each
ingredient to the efficacy index. The correlation coefficients of GRA are all positive and
cannot reflect whether they are positively or negatively correlated. PLSR is a method to
elucidate the contribution of each ingredient to the efficacy. When the structural relationship
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between the independent and dependent variable is abstract, it is impossible to analyze
them accurately and quantitatively [23]. A single statistical method for analysis has its
own limitations and adaptability [29]. Therefore, in this study, PLSR, BCA, and GRA were
used to complement each other, and the intersection analysis of the results obtained by the
three methods can reflect the antioxidant material basis of dandelion more objectively and
comprehensively.
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2.4. Single Compound Verification of Antioxidant Activity

The verification of antioxidant activity of each ingredient, which were considered as
quality maker candidates, was achieved by ABTS assay using reference substances, and the
results are shown in Figure 9 and Table 6. Compared with the positive drug (Trolox), each
ingredient had antioxidant activity in a concentration-dependent manner. It is proved that
the results of spectrum–effect relationship were convincible.

2.5. Assay of Dandelion by Quantitative Analysis of Potential Antioxidant Ingredients
2.5.1. Dandelion Sample Preparation

The water extract of traditional Chinese medicine is a single Chinese herbal decoction
prepared by a standardized process guided by the theory of traditional Chinese medicine,
with reference to modern extraction methods as well as clinical applications [30]. Based
on the fact that the preparation optimized and produced by water extract is closest to
the material basis of decoction in clinical practice. The extraction method of dandelion
samples in this study was to prepare water extract by water extraction followed by vacuum
distillation for future use. The extraction procedure was as consistent as possible with
clinical medication habits and decoction methods, and prepared in strict accordance with
the process parameters and research data specified in the Management Specification for
Traditional Chinese Medicine Decoction Rooms in Medical Institutions. In the current
research reports on dandelion water extract, the research methods have focused on single
index quality evaluation [31,32], and there have been no reports on the simultaneous
determination of multiple ingredients of dandelion water extract. Therefore, this study
established an UHPLC-UV assay method for the six active ingredients in dandelion water
extract, providing a reference for the quality control of dandelion water extract. It is worth
noting that this is also the first time to study the spectrum–effect relationship of dandelion
water extract and quantitatively study the effective ingredients.
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Figure 9. The verification results of each ingredient and positive drug (Trolox).

Table 6. IC50 values (µg/mL) of of each ingredient and positive drug (Trolox).

Analytes IC50 (µg/mL)

Caftaric acid 263.3
Chlorogenic acid 190.9

Caffeic acid 73.78
Chicoric acid 121.2

Isochlorogenic acid A 123.7
Isochlorogenic acid C 93.6

Trolox 99.1

2.5.2. Method Validation

The system suitability test was accomplished prior to the method validation. The
resolutions between the chromatographic peaks of caftaric acid, chlorogenic acid, caffeic
acid, chicoric acid, isochlorogenic acid A, and iso-chlorogenic acid C and their adjacent
peaks are all greater than 1.5. All the numbers of theoretical plates are higher than 10,000,
and the tailing factors are within 0.80–1.20. The signal to noise ratio of all the ingredients
are greater than 10. The RSDs of the peak areas of the above six ingredients after injections
of the mixed reference standard solution for six times continuously, are all not greater than
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1.8%, which exhibit a good system suitability. The analytical method of quantification was
validated completely. Excellent specificity of the method is well demonstrated in Figure 10.
The linearity, limit of quantitation (LOQ) and limit of detection (LOD) results are shown in
Table 7, and the results showed that caftaric acid, chlorogenic acid, caffeic acid, chicoric
acid, isochlorogenic acid A, and isochlorogenic acid C had fine linear relationships within
their respective ranges. The results of precision and accuracy were shown in Tables 8 and 9,
respectively. Recoveries and relative standard deviations (RSDs) of the peak area and
content were in the acceptable range, which met the relevant requirements of quantitative
analysis. The results of robustness were shown in Table 10. The RSD of each ingredient was
no more than 5.00%, indicating that the method had good robustness. The results showed
that the established analytical method was accurate, precise, and reliable.
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Figure 10. The typical LC chromatograms of blank solvent (A), standard solution (B), and sample
solution (C). 1-caftaric acid, 2-chlorogenic acid, 3-caffeic acid, 4-chicoric acid, 5-isochlorogenic acid A,
6-isochlorogenic acid C.

Table 7. Linearity, LOQ, and LOD of the quantification method validation.

Analytes

Linearity
LOD

(µg/mL)
LOQ

(µg/mL)Range
(µg/mL) Equation R2

Caftaric acid 45.88–734.0 y = 5.875x − 14.91 0.9990 1.311 2.263
Chlorogenic acid 3.671–58.73 y = 10.64x − 8.36 0.9994 1.477 2.954

Caffeic acid 5.865–93.8 y = 18.98x − 7.389 0.9998 1.457 2.914
Chicoric acid 33.63–538.0 y = 13.329x − 7.429 0.9993 1.429 2.857

Isochlorogenic acid A 1.191–19.06 y = 11.91x − 4.120 0.9998 1.361 2.723
Isochlorogenic acid C 1.491–23.85 y = 10.89x − 6.476 0.9997 1.469 2.937

Table 8. Precisions of the quantification method validation.

Analytes
Intra-Day

(n = 9)
Inter-Day

(n = 9)
Stability

(n = 7)

RSD (%) RSD (%) RSD (%)

Caftaric acid 2.99 0.70 0.98
Chlorogenic acid 1.51 0.97 1.10

Caffeic acid 1.20 0.87 1.14
Chicoric acid 1.79 0.69 1.05

Isochlorogenic acid A 3.36 0.93 1.56
Isochlorogenic acid C 2.14 0.74 1.21

2.5.3. Quantification Results

The typical chromatograms of the dandelion sample solution are shown in Figure 10C.
The contents of the six quality markers reflecting antioxidant activity were quantitated and
the results are shown in Table 11. It can be seen from Table 11 that the contents of caftaric acid,
chlorogenic acid, caffeic acid, chicoric acid, isochlorogenic acid A, and isochlorogenic acid C in
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19 batches of dandelion samples were 0.1880–0.5440%, 0.01049–0.03556%, 0.01055–0.05695%,
0.1452–0.4634%, 0.001420–0.01467%, and 0.005318–0.02685%, respectively.

Table 9. Recoveries of the quantification method validation (n = 9).

Analytes Original
(µg)

Spiked
(µg)

Found
(µg)

Recovery
(%)

RSD
(%)

Caftaric acid 1956
1005 2868 90.8 0.5
1956 3815 95.1 1.1
2934 4723 94.3 0.2

Chlorogenic acid 153.6
76.52 219.4 86.0 0.4
154.1 285.6 85.7 0.2
230.6 364.2 91.4 0.2

Caffeic acid 211.0
105.1 302.4 87.0 0.5
211.1 395.1 87.2 0.1
316.2 518.2 97.2 0.3

Chicoric acid 1529
760 2229 92.1 1.0

1530 2994 95.8 0.4
2293 3828 100.2 0.6

Isochlorogenic acid A 42.38
19.06 59.34 89.0 1.9
41.93 80.22 90.3 0.8
63.85 95.61 83.4 0.5

Isochlorogenic acid C 63.79
31.87 96.58 102.9 0.3
63.74 119.9 88.0 1.6
95.60 162.9 103.6 1.7

Table 10. Robustness of the quantification method validation (n = 6).

Analytes

Injection
Volume

(±0.2 µL, n = 6)

Detection
Wavelength

(±2 nm, n = 6)

Flow Rate
(±0.02 mL/min,

n = 6)

Column
Temperature
(±2 ◦C, n = 6)

RSD (%) RSD (%) RSD (%) RSD (%)

Caftaric acid 0.93 2.72 1.06 1.59
Chlorogenic acid 1.11 2.84 0.81 0.53

Caffeic acid 0.99 2.94 0.78 0.55
Chicoric acid 0.79 2.32 1.26 0.95

Isochlorogenic acid A 1.47 2.92 4.63 4.21
Isochlorogenic acid C 4.01 4.97 4.97 3.57

Table 11. The content of 6 ingredients in the 19 batches of dandelion water extract (%).

Batch
No.

Caftaric
Acid

Chlorogenic
Acid

Caffeic
Acid

Chicoric
Acid

Isochlorogenic
Acid A

Isochloro-
Genic
Acid C

S1 0.3477 0.03262 0.03590 0.3505 0.00898 0.01670
S2 0.2665 0.02395 0.02205 0.3319 0.003640 0.01232
S3 0.2586 0.02420 0.02363 0.2551 0.006327 0.01271
S4 0.2446 0.02552 0.01872 0.3245 0.005602 0.01517
S5 0.5440 0.05649 0.05507 0.4634 0.01467 0.02685
S6 0.2569 0.01524 0.02944 0.1452 0.003576 0.007548
S7 0.3494 0.01766 0.05695 0.2182 0.006782 0.01527
S8 0.1880 0.01656 0.01055 0.1563 0.00948 0.007377
S9 0.2588 0.01496 0.01815 0.2182 0.002433 0.007565

S10 0.2346 0.01049 0.01867 0.1839 0.001420 0.005318
S11 0.3074 0.01982 0.02314 0.3102 0.002905 0.00858
S12 0.3763 0.03556 0.03408 0.3265 0.00873 0.01664
S13 0.4000 0.03060 0.04232 0.3071 0.00896 0.01924
S14 0.2875 0.02566 0.02477 0.2623 0.006437 0.01400
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Table 11. Cont.

Batch
No.

Caftaric
Acid

Chlorogenic
Acid

Caffeic
Acid

Chicoric
Acid

Isochlorogenic
Acid A

Isochloro-
Genic
Acid C

S15 0.2590 0.02125 0.02641 0.2075 0.006813 0.01500
S16 0.3893 0.02328 0.03983 0.3543 0.004142 0.00998
S17 0.2700 0.01787 0.03060 0.1968 0.005435 0.01207
S18 0.2954 0.02912 0.02821 0.2502 0.005783 0.01185
S19 0.2906 0.02030 0.03558 0.2383 0.004094 0.007988

3. Materials and Methods
3.1. Instruments

Thermo Scientific Vanquish Horizon ultra-high performance liquid chromatography
(Thermo Fisher Scientific, Waltham, MA, USA), XS105DU electronic semi-micro balance
(Mettler Toledo, Greifensee, Switzerland), YP2001 electronic analytical balance (Yuyao
Jinnuo Balance Instrument Co., Ltd., Yuyao, China), KQ-300E ultrasonicator (Kunshan
Ultrasonic Instrument Co., Ltd., Kunshan, China), EYELA N-1100 rotary evaporator (Tokyo
EYELA Instrument Co., Ltd., Tokyo, Japan), Tecan Infinite M200 Pro multifunctional
microplate reader (Tecan, Switzerland).

3.2. Materials and Reagents

Reference standards of neochlorogenic acid, caftaric acid, chlorogenic acid, caffeic acid,
chicoric acid, luteolin, isochlorogenic acid B, isochlorogenic acid A, isochlorogenic acid
C, and luteoloside (purity ≥ 98%) were purchased from Chengdu Chroma Biotechnology
company. Total antioxidant capacity test kit with FRAP method (Beyotime Biotechnology
company, Shanghai, China, product number S0116) and total antioxidant capacity assay kit
with ABTS method (Beyotime Biotechnology company, Shanghai, China, product number
S0119) were used for antioxidant tests. PBS (Beijing Zhongsheng Aobang Biotechnology
company, Beijing, China), methanol (HPLC-grade, Shandong Yuwang Industrial company,
Shandong, China), acetonitrile (HPLC-grade, Sigma-Aldrich, St. Louis, MO, USA), formic
acid (HPLC-grade, Tianjin Damao Chemical Reagent Factory) and purified water (Hangzhou
Wahaha Group company, Hangzhou, China) were all met the criteria for the experiments.

Nineteen batches processed pieces of dandelion were collected from the different drug
stores and were identified as Taraxacum mongolicum Hand.-Mazz by Professor Dong Wang
from Shenyang Pharmaceutical University. The source of these processed dandelion pieces
is shown in Table 12. Dandelion water extract was prepared in accordance with the process
parameters specified in the Management Specification for Traditional Chinese Medicine
Decoction Rooms in Medical Institutions issued by the State Administration of Traditional
Chinese Medicine.

3.3. Development of the UHPLC Fingerprints of Dandelion
3.3.1. Preparation of the Dandelion Water Extract Sample Solutions

After being soaked for 30 min, 50 g of processed dandelion pieces were reflux extracted
with 600 mL purified water for 30 min. The filtrate was collected. Then another 500 mL
purified water was added to the residue to continue refluxing for 20 min. The two filtrates
were combined and concentrated under vacuum to 100 mL.

An accurately measured amount of 1.0 mL of each batch of dandelion water extract
was transferred into a 5 mL volumetric flask, and about 3 mL methanol was added into
it. Then the solution was cooled to room temperature after ultrasonication for 5 min,
then diluted to volume. Finally, the sample was centrifuged at 4000× g in 5 min, and the
supernatant was filtered by a 0.22 µm microporous filter membrane. The subsequent filtrate
was stored at 4 ◦C for further use.
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Table 12. Sample information of dandelion.

Sample No. Batch No. Origin

S1 1908005 Henan
S2 20191117 Henan
S3 190801 Henan
S4 C3312001001 Henan
S5 20201001 Henan
S6 201110 Shanxi
S7 191101 Shanxi
S8 190701 Shanxi
S9 180804 Gansu

S10 180805 Gansu
S11 191201 Gansu
S12 2007008 Hebei
S13 2006067 Hebei
S14 2003002 Hebei
S15 201101 Anhui
S16 200301 Anhui
S17 200401309 Hubei
S18 D20100103 Hubei
S19 D20030103 Hubei

3.3.2. Chromatographic Conditions

The Agilent InfinityLab Poroshell 120 SB-AQ column (4.6 mm × 150 mm, 2.7 µm)
was selected as the chromatographic column and the column temperature was maintained
at 35 ◦C The mobile phase was 0.1% formic acid in water (A) and 0.1% formic acid in
acetonitrile (B). The gradient elution procedure was as follows: 0–5 min, 5–8% B; 5–13 min,
8% B; 13–17 min, 8–12% B; 17–22 min, 12% B–15% B; 22–25 min, 15–17% B; 25–29 min,
17% B–20% B; 29–35 min, 20% B; 35–40 min, 20% B–32% B; 40–43 min, 32% B–45% B;
43–45 min, 45% B–90% B; and 45–50 min, 90% B. The injection volume was 2.0 µL. The flow
rate was 0.6 mL/min, and the detection wavelengths were set as 323 nm.

3.3.3. Analytical Method Validation

The UHPLC system suitability test was completed prior to the method validation.
The analytical method validation procedure is referred to as Technical requirements of
fingerprinting study of TCM injections. Sample solutions were prepared using the dande-
lion pieces processed according to the method in Section 3.3.1. Instrumental precision test
was evaluated by continuously injecting the samples six times under the chromatographic
conditions in Section 3.3.2. The repeatability test was evaluated by six samples with the
same source. The sample stability test over 24 h was assessed by injecting the same sample
at different periods in a day (0, 2, 4, 8, 12, and 24 h). The retention time and peak areas
were all recorded.

3.3.4. Establishment of the Common Mode of Dandelion

The chromatograms of 19 batches of processed dandelion pieces were imported into
the Similarity Evaluation System for Chromatographic Fingerprints of Traditional Chinese
Medicine (ver. 2012, China National Software, Beijing, China) recommended by the Chinese
Pharmacopoeia Commission. Then the corresponding control fingerprints were generated
according to the median method after multi-point correction and data matching, and
the superimposed chromatograms of 19 batches of dandelion samples were generated
by the software.
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3.4. Determination of Antioxidant Activity
3.4.1. Preparation of Solutions

The FRAP working solution was prepared as follows. An amount of 1.5 mL of
tripyridyltriazine (TPTZ) solution was added into 15 mL of TPTZ diluent and mixed
evenly, then 1.5 mL of detection buffer was added into the solution. After mixing, it was
incubated at 37 ◦C for further use. The sample solutions were prepared by serially diluting
19 batches of dandelion water extract prepared in Section 3.3.1 to 3 mg/mL. Meanwhile,
the series standard calibration solutions were prepared as follows. An amount of 27.8 mg
of FeSO4•7H2O was dissolved and diluted with purified water to a 1 mL brown volumetric
flask, then the 100 mmol/L stock solution was obtained. Appropriate amounts of stock
solution were diluted into 0.15, 0.3, 0.6, 0.9, 1.2, and 1.5 mmol/L. The TPTZ solution, TPTZ
diluent, detection buffer, and FeSO4•7H2O were all provided by total antioxidant capacity
test kit (FRAP method).

The ABTS working solution was prepared as follows. An amount of 400 µL of ABTS
solution was added into 400 µL of oxidant solution and mixed evenly, then the solution
was stored in the dark at room temperature for 16 h and diluted 50 times with PBS before
using it. The sample solutions were prepared by serially diluting 19 batches of dandelion
water extract prepared in 3.3.1 to 2.5 mg/mL. Meanwhile, the series standard calibration
solutions were prepared as follows. Appropriate amounts of 10 mmol/L Trolox stock
solution were diluted into 0.15, 0.30, 0.45, 0.6, 0.7, 0.8, and 1 mmol/L. The ABTS solution,
oxidant solution, and Trolox stock solution (10 mM) were all provided by total antioxidant
capacity assay kit with ABTS method.

3.4.2. FRAP Assay

The FRAP experiment was carried out by the manufacturer′s instruction of the kit. The
sample group, standard curve group and blank control group were set up. First, 180 µL of
FRAP working solution was pipetted into each detection well of a 96-well microplate. Next,
5 µL of 3 mg/mL sample solution of each batch of dandelion was added to the sample
well; a series of 5 µL of FeSO4 standard solutions were added to the standard curve well.
Meanwhile, the same amount of PBS was added into the blank control well to replace the
sample solution. Afterwards, they were mixed evenly by gently shaking parallel to the
table and incubated at 37 ◦C for 5 min. Later, the absorbance was measured at 593 nm using
a microplate reader. Each batch of samples was measured in triplicate and averaged. The
standard curve was constructed according to the concentration and absorbance of series
standard solutions.

3.4.3. ABTS Assay

The ABTS experiment was carried out according to the instruction of the kit by the
manufacturer. First, 200 µL of ABTS working solution was pipetted into each detection
well of a 96-well microplate. Next, 10 µL of 2.5 mg/mL sample solution of each batch of
dandelion was added to the sample well; a series of 10 µL of Trolox standard solutions
were added to the standard curve well. Meanwhile, the same amount of PBS was added
into the blank control well to replace the sample solution. Afterwards, they were mixed
evenly by gently shaking parallel to the table and incubated under room temperature for
10 min. Later, the absorbance was measured at 734 nm using a microplate reader. Each
batch of samples was measured in quadruplicate and averaged. The standard curve was
then constructed accordingly.

3.5. Study of Spectrum–Effect Relationship of Dandelion
3.5.1. Partial Least Squares Regression Analysis (PLSR)

Partial least squares regression analysis was performed on the measured results
by SIMCA-P 14.1 software (Umetrics, Umeå, Sweden). The 24 common peak areas of
19 batches of processed dandelion pieces were set as the independent variable X and the
measured results of FRAP antioxidant capacity and ABTS antioxidant capacity were set as
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the dependent variable Y, respectively. The regression analysis was performed using the
PLSR model.

3.5.2. Bivariate Correlation Analysis (BCA)

Bivariate correlation analysis was performed on the measured results using appropri-
ate coefficient by SPSS 25.0 software (IBM, Armonk, NY, USA). The common peak areas
were set as the independent variables X, and the total antioxidant capacity values were
regarded as dependent variables Y.

3.5.3. Gray Correlation Analysis (GRA)

Microsoft Excel software was used to analyze the gray correlation degree of the
measured results. The antioxidant efficacy was set as the reference sequence. The peak
area of 24 common peaks was set as the comparison sequence. Then the data were non-
dimensionalized by the initial method, and the absolute difference between the comparison
sequence and the reference sequence was calculated. Later, the correlation coefficient
was calculated by the formula η (k) = (∆min + ρ∆max)/(|Y0(k) − Yi(k)| + ρ∆max). ρ was
usually taken as 0.5, and the average correlation coefficient of the sequence was taken as
the correlation degree r.

Based on the results using the above three statistical methods, the quality markers of
dandelion with antioxidant activity could be preliminarily discovered. The ABTS assay
using reference substances was then used to validate the antioxidant activity of these
quality markers, which could demonstrate the reliability of the multivariate analysis.

3.6. Assay of Dandelion by Quantitative Analysis of Potential Antioxidant Ingredients
3.6.1. Preparation of the Test Solutions

Accurately measured 1.0 mL of each batch of dandelion water extract was transferred
into a 10 mL volumetric flask, and about 5 mL of methanol was added. Then the solution
was cooled to room temperature after ultrasonication for 5 min, then diluted to volume.
Afterwards, the sample was centrifuged at 4000× g for 5 min, and the supernatant was
filtered by a 0.22 µm microporous filter membrane. The subsequent filtrate was stored at
4 ◦C for further use.

Amounts of 36.70 mg of caftaric acid, 20.68 mg of chlorogenic acid, 20.40 mg of caf-
feic acid, 26.90 mg of chicoric acid, 19.06 mg of isochlorogenic acid A, and 20.56 mg of
isochlorogenic acid C were accurately weighed. Methanol was then added to prepare a
mixed reference solution containing 379.9 µg/mL of caftaric acid, 29.40 µg/mL of chloro-
genic acid, 46.90 µg/mL of caffeic acid, 267.8 µg/mL of chicoric acid, 9.360 µg/mL of
isochlorogenic acid A, and 11.98 µg/mL of isochlorogenic acid C.

To validate the linearity of the methodology. 0.625, 1.25, 2.5, 5, 7.5, and 10 mL of mixed
reference solution was transferred into 20 mL volumetric flasks and diluted to volume with
methanol. Then the series standard calibration solutions with different concentrations were
prepared by shaking them.

To validate the accuracy of the methodology, 9 portions of accurately measured 1.0 mL
dandelion water extract with known content were prepared. The reference substance was
added at three levels of 50%, 100%, and 150% of its content, respectively. The low, medium,
and high concentrations of test solution were prepared by the method under Section 3.6.1,
and three samples were prepared in parallel with each concentration.

To validate the repeatability of the methodology, 0.5, 1.0, and 1.5 mL of the same
batch of dandelion water extract were accurately measured. Low, medium, and high
concentration standard decoction solutions were prepared according to the method under
Section 3.6.1.

To validate the inter-day precision of the methodology, 1.0 mL of the same batch
of dandelion water extract was accurately measured, and 3 portions of standard decoc-
tion solution were prepared with the same concentration according to the method under
Section 3.6.1.
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3.6.2. Analytical Method Validation

The UHPLC system suitability test was compeleted first, including the number of
theoretical plates, tailing factors, resolution of chromatographic peaks, sensitivity, and
instrumental precision. The instrumental precision was validated by calculating the RSDs
of the peak areas of the mix reference standard solution six times continously. The analytical
method validation procedure referred to the guideline in the current Chinese Pharmacopeia.
The specificity of the method was analyzed by comparing the chromatograms of blank
solvent, reference solution and the sample solution. Next, a series of mixed reference
standard solutions of different concentrations were used to evaluate the linearity. The
LOD and LOQ of the analytes were also engaged to reveal the sensitivity of the method.
The reference solution was diluted step by step with methanol, and the LOD was defined
as signal-to-noise ratio of 3:1, and the LOQ was defined as signal-to-noise ratio of 10:1.
Afterwards, the precision including repeatability (intra-day precision) and inter-day preci-
sion was performed. The intra-day precision was carried out by injecting and analyzed
the samples of the low, medium, and high concentration. In addition, the inter-day preci-
sion was carried out by injecting and analyzed the samples of the same concentration for
3 consecutive days. The accuracy of the method was investigated by the recovery test.
The sample stability over 24 h was assessed by injecting the sample at different time in
a day (0, 2, 4, 6, 8, 12, and 24 h). The robustness is evaluated by investigating different
injection volumes (±0.2 µL), detection wavelengths (±2 nm), flow rates (±0.02 mL/min),
and column temperatures (±2 ◦C). Each condition was analyzed twice. The retention times
and peak areas were all recorded.

3.6.3. Sample Determination

1.0 mL of each batch of dandelion water extract was accurately measured. The test
solutions were prepared according to the method under Section 3.6.1 and injected by the
chromatographic conditions under Section 3.3.2.

4. Conclusions

In this study, a systematic study on antioxidant material basis of dandelion through
spectrum–effect relationship analysis was accomplished. Bioactive ingredients of dandelion
and UHPLC fingerprinting were integrated, while 19 batches of dandelion from different
origins were used to successfully discover the effective antioxidant ingredients of dande-
lion using multivariate statistical analysis method and spectrum–effect relationship. The
established spectrum–effect relationship model can evaluate the correlation between the
chromatographic peaks and the pharmacological effects of the dandelion. It was concluded
that caftaric acid, chlorogenic acid, caffeic acid, chicoric acid, isochlorogenic acid A, and
isochlorogenic acid C might be the main ingredients of dandelion exerting antioxidant
effects. A quantification method of active ingredients in dandelion was then successfully
developed and completely validated. The study elucidated the antioxidant material basis
of dandelion, and provided a more systematic and scientific approach for the assay of
dandelion, which is a promising advance in the quality control of dandelion.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/molecules27092632/s1, Table S1: Correlation coefficient of
24 chromatographic peaks with antioxidant capacity of PLSR (FRAP); Table S2: VIP value of
24 chromatographic peaks with antioxidant capacity of PLSR (FRAP); Table S3: Correlation coeffi-
cient of 24 chromatographic peaks with antioxidant capacity of PLSR (ABTS); Table S4: VIP value
of 24 chromatographic peaks with antioxidant capacity of PLSR (ABTS).

Author Contributions: Conceptualization, H.X. and Z.L., methodology, validation and software, Z.L.
and H.Z.; data curation, J.Q. and F.K.; writing—original draft preparation, Z.L.; writing—review and
editing, J.Q. and H.X.; visualization, F.K.; supervision, Q.L. and K.B.; funding acquisition, Y.Z., Q.Z.,
H.X. and Q.L. All authors have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/molecules27092632/s1
https://www.mdpi.com/article/10.3390/molecules27092632/s1


Molecules 2022, 27, 2632 20 of 21

Funding: This research was funded by the National Natural Science Funds of China, grant number
81703463/H3010, 81973464/H3203, 82104379/H3203, 82104126/H3410; Natural Science Funds of
Liaoning Province, grant number 2021JH2/10300068; China Postdoctoral Science Foundation, grant
number 2020M680989; Liaoning Provincial Doctoral Research Start-up Fund Project for Qian Zhang
(2020); Liaoning Distinguished Professor Project for Qing Li (2017); Liaoning BaiQianWan Talents
Program in 2019 for Qing Li (A-37).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Samples of the compounds are available from the authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hu, C. Taraxacum: Phytochemistry and health benefits. Chin. Herb. Med. 2018, 10, 353–361. [CrossRef]
2. Lis, B.; Olas, B. Pro-health activity of dandelion (Taraxacum officinale L.) and its food products—History and present. J. Funct.

Foods 2019, 59, 40–48. [CrossRef]
3. Wang, L.; Li, L.; Gao, J.; Huang, J.; Yang, Y.; Xu, Y.; Liu, S.; Yu, W. Characterization, antioxidant and immunomodulatory effects of

selenized polysaccharides from dandelion roots. Carbohydr. Polym. 2021, 260, 117796. [CrossRef] [PubMed]
4. Demin, G.A.O. Analysis of nutritional components of Taraxacum mongolicum and its antibacterial activity. Pharmacogn. J. 2010, 2,

502–505. [CrossRef]
5. Shi, S.; Zhao, Y.; Zhou, H.; Zhang, Y.; Jiang, X.; Huang, K. Identification of antioxidants from Taraxacum mongolicum by

high-performance liquid chromatography-diode array detection-radical-scavenging detection-electrospray ionization mass
spectrometry and nuclear magnetic resonance experiments. J. Chromatogr. A 2008, 1209, 145–152. [CrossRef] [PubMed]

6. Yang, N.; Li, C.; Tian, G.; Zhu, M.; Bu, W.; Chen, J.; Hou, X.; Di, L.; Jia, X.; Dong, Z.; et al. Organic acid component from Taraxacum
mongolicum Hand.-Mazz alleviates inflammatory injury in lipopolysaccharide-induced acute tracheobronchitis of ICR mice
through TLR4/NF-kappaB signaling pathway. Int. Immunopharmacol. 2016, 34, 92–100. [CrossRef]

7. Zhang, Y.; Hu, Y.F.; Li, W.; Xu, G.Y.; Wang, K.R.; Li, L.; Luo, H.; Zou, L.; Wu, J.S. Updates and advances on pharmacological
properties of Taraxacum mongolicum Hand.-Mazz and its potential applications. Food Chem. 2022, 373 Pt A, 131380. [CrossRef]

8. Blaser, H.; Dostert, C.; Mak, T.W.; Brenner, D. TNF and ROS Crosstalk in Inflammation. Trends Cell Biol. 2016, 26, 249–261.
[CrossRef]

9. Newsholme, P.; Cruzat, V.F.; Keane, K.N.; Carlessi, R.; de Bittencourt, P.I., Jr. Molecular mechanisms of ROS production and
oxidative stress in diabetes. Biochem. J. 2016, 473, 4527–4550. [CrossRef]

10. Rendra, E.; Riabov, V.; Mossel, D.M.; Sevastyanova, T.; Harmsen, M.C.; Kzhyshkowska, J. Reactive oxygen species (ROS) in
macrophage activation and function in diabetes. Immunobiology 2019, 224, 242–253. [CrossRef]

11. Ionescu-Tucker, A.; Cotman, C.W. Emerging roles of oxidative stress in brain aging and Alzheimer’s disease. Neurobiol. Aging
2021, 107, 86–95. [CrossRef] [PubMed]

12. Finkel, T.; Holbrook, N.J. Oxidants, oxidative stress and the biology of ageing. Nature 2000, 408, 239–247. [CrossRef] [PubMed]
13. Prasad, S.; Gupta, S.C.; Tyagi, A.K. Reactive oxygen species (ROS) and cancer: Role of antioxidative nutraceuticals. Cancer Lett.

2017, 387, 95–105. [CrossRef] [PubMed]
14. Sarmiento-Salinas, F.L.; Perez-Gonzalez, A.; Acosta-Casique, A.; Ix-Ballote, A.; Diaz, A.; Trevino, S.; Rosas-Murrieta, N.H.;

Millan-Perez-Pena, L.; Maycotte, P. Reactive oxygen species: Role in carcinogenesis, cancer cell signaling and tumor progression.
Life Sci. 2021, 284, 119942. [CrossRef] [PubMed]

15. Chen, Z.; Tian, R.; She, Z.; Cai, J.; Li, H. Role of oxidative stress in the pathogenesis of nonalcoholic fatty liver disease. Free. Radic.
Biol. Med. 2020, 152, 116–141. [CrossRef] [PubMed]

16. Niki, E. Oxidant-specific biomarkers of oxidative stress. Association with atherosclerosis and implication for antioxidant effects.
Free. Radic. Biol. Med. 2018, 120, 425–440. [CrossRef]

17. Hu, C.; Kitts, D.D. Dandelion (Taraxacum officinale) flower extract suppresses both reactive oxygen species and nitric oxide and
prevents lipid oxidation in vitro. Phytomedicine 2005, 12, 588–597. [CrossRef]

18. Lis, B.; Jedrejek, D.; Moldoch, J.; Stochmal, A.; Olas, B. The anti-oxidative and hemostasis-related multifunctionality of L-chicoric
acid, the main component of dandelion: An in vitro study of its cellular safety, antioxidant and anti-platelet properties, and effect
on coagulation. J. Funct. Foods 2019, 62, 103524. [CrossRef]

19. Majewski, M.; Lis, B.; Juskiewicz, J.; Ognik, K.; Jedrejek, D.; Stochmal, A.; Olas, B. The composition and vascular/antioxidant
properties of Taraxacum officinale flower water syrup in a normal-fat diet using an obese rat model. J. Ethnopharmacol.
2021, 265, 113393. [CrossRef]

20. Liu, X.Y.; Chang, Y.L.; Wang, X.H.; Wang, Y.; Ren, X.Y.; Ma, J.M.; Yu, A.X.; Wei, J.; Fan, Q.Q.; Dong, Y.; et al. An integrated
approach to uncover anti-tumor active materials of Curcumae Rhizoma-Sparganii Rhizoma based on spectrum-effect relationship,
molecular docking, and ADME evaluation. J. Ethnopharmacol. 2021, 280, 114439. [CrossRef]

http://doi.org/10.1016/j.chmed.2018.08.003
http://doi.org/10.1016/j.jff.2019.05.012
http://doi.org/10.1016/j.carbpol.2021.117796
http://www.ncbi.nlm.nih.gov/pubmed/33712144
http://doi.org/10.1016/S0975-3575(10)80039-2
http://doi.org/10.1016/j.chroma.2008.09.004
http://www.ncbi.nlm.nih.gov/pubmed/18801488
http://doi.org/10.1016/j.intimp.2016.02.028
http://doi.org/10.1016/j.foodchem.2021.131380
http://doi.org/10.1016/j.tcb.2015.12.002
http://doi.org/10.1042/BCJ20160503C
http://doi.org/10.1016/j.imbio.2018.11.010
http://doi.org/10.1016/j.neurobiolaging.2021.07.014
http://www.ncbi.nlm.nih.gov/pubmed/34416493
http://doi.org/10.1038/35041687
http://www.ncbi.nlm.nih.gov/pubmed/11089981
http://doi.org/10.1016/j.canlet.2016.03.042
http://www.ncbi.nlm.nih.gov/pubmed/27037062
http://doi.org/10.1016/j.lfs.2021.119942
http://www.ncbi.nlm.nih.gov/pubmed/34506835
http://doi.org/10.1016/j.freeradbiomed.2020.02.025
http://www.ncbi.nlm.nih.gov/pubmed/32156524
http://doi.org/10.1016/j.freeradbiomed.2018.04.001
http://doi.org/10.1016/j.phymed.2003.12.012
http://doi.org/10.1016/j.jff.2019.103524
http://doi.org/10.1016/j.jep.2020.113393
http://doi.org/10.1016/j.jep.2021.114439


Molecules 2022, 27, 2632 21 of 21

21. Xie, P.; Chen, S.; Liang, Y.Z.; Wang, X.; Tian, R.; Upton, R. Chromatographic fingerprint analysis–a rational approach for quality
assessment of traditional Chinese herbal medicine. J. Chromatogr. A 2006, 1112, 171–180. [CrossRef] [PubMed]

22. Bai, G.; Zhang, T.; Hou, Y.; Ding, G.; Jiang, M.; Luo, G. From quality markers to data mining and intelligence assessment:
A smart quality-evaluation strategy for traditional Chinese medicine based on quality markers. Phytomedicine 2018, 44, 109–116.
[CrossRef] [PubMed]

23. Xu, G.L.; Xie, M.; Yang, X.Y.; Song, Y.; Yan, C.; Yang, Y.; Zhang, X.; Liu, Z.Z.; Tian, Y.X.; Wang, Y.; et al. Spectrum-effect
relationships as a systematic approach to traditional chinese medicine research: Current status and future perspectives. Molecules
2014, 19, 17897–17925. [CrossRef] [PubMed]

24. Li, W.; Zhang, Y.; Shi, S.; Yang, G.; Liu, Z.; Wang, J.; Kang, W. Spectrum-effect relationship of antioxidant and tyrosinase activity
with Malus pumila flowers by UPLC-MS/MS and component knock-out method. Food Chem. Toxicol. 2019, 133, 110754. [CrossRef]

25. Zheng, G.; Gan, L.; Jia, L.Y.; Zhou, D.C.; Bi, S.; Meng, Z.Q.; Guan, G.J.; Huang, M.M.; He, X.; Zhang, C.F.; et al. Screen of anti-
migraine active compounds from Duijinsan by spectrum-effect relationship analysis and molecular docking. J. Ethnopharmacol.
2021, 279, 114352. [CrossRef]

26. Zhu, C.-S.; Lin, Z.-J.; Xiao, M.-L.; Niu, H.-J.; Zhang, B. The spectrum-effect relationship—a rational approach to screening effective
compounds, reflecting the internal quality of Chinese herbal medicine. Chin. J. Nat. Med. 2016, 14, 177–184. [CrossRef]

27. Feng, L.; Tang, N.; Liu, R.; Nie, R.; Guo, Y.; Liu, R.; Chang, M. Effects of different processing methods on bioactive substances and
antioxidation properties of Lycium barbarum (goji berry) from China. Food Biosci. 2021, 42, 101048. [CrossRef]

28. Guedes, A.C.; Amaro, H.M.; Giao, M.S.; Malcata, F.X. Optimization of ABTS radical cation assay specifically for determination of
antioxidant capacity of intracellular extracts of microalgae and cyanobacteria. Food Chem. 2013, 138, 638–643. [CrossRef]

29. Qiao, R.; Zhou, L.; Zhong, M.; Zhang, M.; Yang, L.; Yang, Y.; Chen, H.; Yang, W.; Yuan, J. Spectrum-effect relationship between
UHPLC-Q-TOF/MS fingerprint and promoting gastrointestinal motility activity of Fructus aurantii based on multivariate
statistical analysis. J. Ethnopharmacol. 2021, 279, 114366. [CrossRef]

30. Dai, Y.; Li, Q.; Tong, J.; Verpoorte, R.; Zhao, S.J.; Qin, X.M.; Chen, S. Quality marker identification based on standard decoction of
differently processed materials of Ephedrae Herba. J. Ethnopharmacol. 2019, 237, 47–54. [CrossRef]

31. Sun, B.; Xiwen, L.; Guangwei, Z.; Peng, Z.; Qi, L.; Sugita, T.; Tomoda, T.; Linchun, W. Study on Preparation and Quality Evaluation
of Standard Decoction of Pugongying (Taraxaci Herba) Based on Traditional Decocting Process. Chin. Arch. Tradit. Chin. Med.
2020, 38, 249–254.

32. Wang, Q.Q.; Wang, M.Y. Quality evaluation and quality control analysis of Taraxaci Herba decoction pieces. Chin. J. Ethnomed.
Ethnopharm. 2020, 29, 18–20.

http://doi.org/10.1016/j.chroma.2005.12.091
http://www.ncbi.nlm.nih.gov/pubmed/16472540
http://doi.org/10.1016/j.phymed.2018.01.017
http://www.ncbi.nlm.nih.gov/pubmed/29426601
http://doi.org/10.3390/molecules191117897
http://www.ncbi.nlm.nih.gov/pubmed/25375333
http://doi.org/10.1016/j.fct.2019.110754
http://doi.org/10.1016/j.jep.2021.114352
http://doi.org/10.1016/S1875-5364(16)30014-0
http://doi.org/10.1016/j.fbio.2021.101048
http://doi.org/10.1016/j.foodchem.2012.09.106
http://doi.org/10.1016/j.jep.2021.114366
http://doi.org/10.1016/j.jep.2019.03.025

	Introduction 
	Results and Discussion 
	UHPLC Fingerprinting 
	Development of Chromatographic Method 
	Analytical Method Validation 
	Analysis of UHPLC Fingerprints and Their Similarity 

	Antioxidant Activity Tests 
	Spectrum–Effect Relationship Analysis 
	Partial Least Squares Regression Analysis (PLSR) 
	Bivariate Correlation Analysis (BCA) 
	Gray Correlation Analysis (GRA) 
	Comprehensive Analysis of Spectrum–Effect Relationship 

	Single Compound Verification of Antioxidant Activity 
	Assay of Dandelion by Quantitative Analysis of Potential Antioxidant Ingredients 
	Dandelion Sample Preparation 
	Method Validation 
	Quantification Results 


	Materials and Methods 
	Instruments 
	Materials and Reagents 
	Development of the UHPLC Fingerprints of Dandelion 
	Preparation of the Dandelion Water Extract Sample Solutions 
	Chromatographic Conditions 
	Analytical Method Validation 
	Establishment of the Common Mode of Dandelion 

	Determination of Antioxidant Activity 
	Preparation of Solutions 
	FRAP Assay 
	ABTS Assay 

	Study of Spectrum–Effect Relationship of Dandelion 
	Partial Least Squares Regression Analysis (PLSR) 
	Bivariate Correlation Analysis (BCA) 
	Gray Correlation Analysis (GRA) 

	Assay of Dandelion by Quantitative Analysis of Potential Antioxidant Ingredients 
	Preparation of the Test Solutions 
	Analytical Method Validation 
	Sample Determination 


	Conclusions 
	References

