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Cyclocarya paliurus (Batal.) Iljinskaja (LCP) leaves have been widely employed in food and traditional medicine for treating
hyperlipidaemia and its complications, possibly owing to their antioxidant properties. The aim of the present study is to identify
the chemical ingredients of antioxidant extracts from LCP by using UHPLC-Q-Orbitrap-MS/MS-based molecular networking,
a very recent and useful tool for annotation of chemical constituents in mixtures. The extraction conditions of antioxidant extracts
from LCP were optimised by single-factor analysis and response surface methodology (RSM). The optimised conditions were
a methanol concentration of 32%, a liquid-to-solid ratio of 0.4 ml/mg, an extraction temperature of 25°C, and an extraction time of
32 min. Under these conditions, the antioxidant yield was 516.20 + 28.52 ymol TE/ml. The main active ingredients in the an-
tioxidants were identified by UHPLC-Q-Exactive Orbitrap-MS-based molecular networking. In total, 42 compounds were
identified, including 20 flavonoids, 16 quinic acid derivatives, 4 caffeoyl derivatives, and 2 coumaroyl derivatives. The findings of
the present work suggest that LCP could be a suitable source of natural antioxidant compounds, which might be applicable in the

development of potential pharmaceutical drugs targeting diseases related to oxidative stress.

1. Introduction

Cyclocarya paliurus (Batal.) Iljinskaja (LCP), the sole species
in the genus Cyclocarya Iljinskaja, is widely distributed in the
mountainous regions at heights of 420-2500 m [1]. LCP has
a very sweet taste and is used as “sweet tea” in traditional
medicine in China [2]. LCP was approved for use as a new
edible raw material by the National Health and Family
Planning Commission of China; consequently, since 2013,
the demand for LCP, an important and valuable crop, has
been increasing [3]. To our best knowledge, at least three
functional foods containing LCP have been approved for sale
in China; these are consumed to lose weight and regulate

blood sugar, blood lipids, and high blood pressure. These
products are believed to be very beneficial for the prevention
and regulation of hyperlipidaemia [4], nonalcoholic fatty
liver disease (NAFLD) [5], and diabetes [6]. Oxidative stress
is considered a common underlying cause for these diseases
[7-9], and numerous studies have proved that antioxidant
ingredients are effective against them [10-13]. Therefore,
considering their potential health benefits, it is important to
identify the components contributing to the antioxidant
activity of LCP.

To date, more than 200 compounds have been isolated
from LCP, including flavonoids, phenolic acids, poly-
saccharides, and triterpenoids. Some have been proven to
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possess significant antioxidant activities. Crude polysaccharides
from LCP, extracted by an ultrasonic-assisted method, could be
used to scavenge 92.09% of 1,1-diphenyl-2-picrylhydrazyl 2,2-
diphenyl-1-(2,4,6-trinitrophenyl) hydrazyl (DPPH) free radi-
cals at 0.25mg/ml [14]. A water-soluble polysaccharide was
further isolated by column chromatography and was reported
to provide anti-DPPH radical activity with an ECs, value of
52.3 ug/ml [15]. In addition, there is a significant geographic
relation with water-soluble polysaccharide content and scav-
enging activities of LCP [16]. Flavonoids are believed to possess
strong antioxidant activity [17]. The antioxidant activities of
flavonoids extracted from LCP have been studied, with the ICs,
value for the DPPH radical-scavenging ability ranging from
0.025 mg/ml to 0.146 mg/ml [1, 18, 19]. In addition, phenolic
acids, such as chlorogenic acid, are also considered to possess
strong antioxidant activity [20]. In addition to the different
origins of raw materials, the different extraction methods and
their extraction conditions might be the main reasons for the
differences in the antioxidant activity of the extracts. However,
thus far, a preparation process for the antioxidant extracts from
LCP has not yet been established and optimised. Furthermore,
few reports have focused on identifying the chemical com-
ponents in LCP antioxidant extracts.

There exist various mass spectrometric platforms for the
identification and quantification of chemical constituents in
Traditional Chinese Medicine (TCM), such as quadrupole-
time of flight (Q-TOF) [21], Fourier-transform ion cyclotron
resonance (FTICR) [22], and Orbitrap [23]. Among them,
Orbitrap is the newest member of the high-resolution mass
spectrometric (HRMS) analysers. Combined with ultrahigh-
performance liquid chromatography (UHPLC), it is a useful
tool for the identification of chemical ingredients in TCM by
providing the exact mass and a possible chemical formula of
the ingredients. However, it is very time-consuming to
extract effective chemical structure information from the
large amounts of data generated by the analysis of complex
mixtures by UHPLC-HRMS. MS/MS-based molecular
networking (MN) is a very recent and useful method for
metabolite annotation and has attracted significant interest
in TCM research [24-28]. To our knowledge, there is no
report on the identification of the antioxidant ingredients in
LCP using this method.

In the present study, to systematically investigate the
ultrasonic-assisted extraction (UAE) process and chemical
composition of the antioxidant extracts of LCP, single-factor
experiments were first conducted to screen the key factors
and their suitable ranges of multiple extraction variables.
Subsequently, a three-level, three-variableBox-Behnken
design (BBD) was sequentially employed to optimise the
UAE conditions. Finally, UHPLC-Q-Orbitrap-MS/MS-
based MN was performed to identify the antioxidant in-
gredients in LCP. This research may provide a scientific basis
for the development, utilization, and quality control of the
antioxidant extracts of LCP.

2. Materials and Methods

2.1. Chemicals and Plant Materials. Six reference com-
pounds with a purity higher than 98% (w/w), including
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chlorogenic acid, myricitrin, quercitrin, isoquercitrin,
hyperoside, and afzelin, were purchased from Chengdu Alfa
Biotechnology Co., Ltd. Substances used to evaluate the
antioxidant activity, including DPPH, 2,4,6-tripyridyl-s-
triazine (TPTZ), and 2,2'-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS), were obtained from Yuanye Bi-
ological Technology Co., Ltd. HPLC-grade acetonitrile and
methanol were obtained from Tedia Company. All the other
chemicals were reagent grade.

Approximately 10 kg of dried leaves of LCP were picked
in Suichang, Zhejiang Province, China, in May 2019 and
identified by Professor Junmin Li. They were maintained in
a 4°C refrigerator until the subsequent experiments.

2.2. Antioxidant Activity Assays. Based on methods reported
previously with minor modifications, a ferric-reducing an-
tioxidant power (FRAP) assay, ABTSe+, and DPPH radical
scavenging assays were applied to evaluate the antioxidant
activity of the LCP extracts, which is expressed as ymol
Trolox (TE)/dry sample (g) (ymol TE/g) [29-31].

2.3. Ultrasound-Assisted Extraction of Antioxidants in LCP

2.3.1. Extraction Process and Single-Factor Experiment
Design. UAE was performed to extract antioxidants from
LCP using a DL-720] ultrasonic extractor (Shanghai Zhixin
Instrument Co., Ltd.). Firstly, about 0.5 g LCP powder was
accurately weighted and extracted under the following
conditions: extraction solvents, water, 25%, 50%, 75%, or
100% methanol aqueous solution; different sample-to-
solvent ratios (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml); different
temperatures (25, 35, 45, and 55°C); and different times (15,
30, 45, 60, and 75min). The extraction solution was
centrifuged at 3500 rpm for 15min after cooling to room
temperature. Subsequently, the antioxidant capacities (umol
TE/g) of the suspensions were evaluated by the DPPH
radical-scavenging assay.

2.3.2. BBD Optimisation. The UAE conditions were further
optimised by the BBD with response surface methodology
(RSM) in Design Expert Version 10.0.7 software (Stat-Ease,
Inc., USA). Based on the results of single-factor experiments,
the methanol concentration (X1), extraction time (X2), and
liquid-to-solid ratio (X3) were selected as the independent
variables, each with three levels (Table 1). The antioxidant
capacity (umol TE/g) of the extraction solution was set as
a responding value (Y).

2.4. UHPLC-Q-Orbitrap-MS/MS Conditions. The chro-
matographic separation of chemical ingredients from the
antioxidant extraction solution of LCP was completed on the
Ultimate R3000 UHPLC apparatus (Thermo Fisher Scien-
tific, Waltham, MA, USA) with ACQUITY UHPLC HSS T3
(2.1 x100 mm, 1.8 yum, Waters Corporation, Milford, CT,
USA). A mobile phase containing acetonitrile (eluent A) and
water with 0.5% formic acid (eluent B) was used in the
following solvent gradient system: 0-6min, 10% A;
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TaBLE 1: Comprehensive evaluation for the extracts in single-factor
experiments.

. Levels
Independent variables
-1 0 1
Methanol concentration (%, X1) 0 25 50
Extraction time (min, X2) 15 30 45
Liquid-solid ratio (ml/mg, X3) 0.3 0.4 0.5

6-15min, 10-13.5% A; 15-21 min, 13.5-21% A; 21-30 min,
21-25% A; 30-60min, and 25-100% A. The flow rate,
column temperature, and injection volume were set at
0.2ml/min, 35°C, and 10 yl, respectively.

A Q-Exactive™ mass spectrometer (Thermo Scientific,
Sunnyvale, CA, USA), equipped with a heated ESI (HESI-
II; Thermo Scientific), was employed for the MS analysis.
The ESI was operated under the following parameters:
heater temperature, 300°C; capillary temperature, 325°C;
electrospray voltage, 3.2kV; sheath gas flow rate, 301/min;
auxiliary gas flow rate, 101/min; sweep gas flow rate, 21/
min. High-resolution mass spectra were acquired in the
positive and negative modes separately. The acquisition
modes of the quadrupole-Orbitrap analyses were set to be
the full MS/dd-MS* (TopN) mode and full MS mode. The
full MS mode was employed with an applied mass scan
range of 100-1500 m/z, an Orbitrap resolution of 70,000
a maximum ion injection time (IT) of 200ms, and an
automatic gain control (AGC) target value of 3 x10°. The
dd-MS? mode was operated in the TOP5 mode, using the
following settings: an Orbitrap resolution of 17,500 with
the maximum IT of 50ms and an AGC target value of
3x10% a loop count of 5, an isolation window of 4, and
stepped normalised collision energy (NCE) values of 20, 40,
and 60.

2.5. Data Preprocessing and Statistical Analysis. Xcalibur
software (Thermo Fisher Scientific, USA) was used to extract
information on the retention time (RT), accurate molecular
weight (m/z), and MS/MS fragment ions from the raw data
obtained by UHPLC-Orbitrap-MS/MS analysis. The raw
MS/MS data were converted to the mzXML format and
turther processed by MZmine 2.5.3. These data were
uploaded to the GNPS platform (https://gnps.ucsd.edu), and
a molecular network was generated following the workflow
of feature-based molecular networking (FBMN) [32]. The
networking parameters were as follows: mass tolerance of
0.0075 Da, matched peaks greater than 6, and a cosine score
greater than 0.7. MolNetEnhancer, another tool in GNPS,
was used to annotate the chemical classes of the nodes in the
molecular network [33]. Simultaneously, an in-house
compound database for LCP, which included the com-
pound name, molecular formula, and calculated mass
(IM-H]/[M+H]"), was established by searching online
databases, including the Chinese National Knowledge In-
frastructure and Web of Science databases. This developed
database can provide reference information for annotating
the chemical structure of the nodes in the molecular
network.

3. Results and Discussion
3.1. Screening Experimental Factors of Extraction Processes

3.1.1. Influence of Methanol Concentration. For an extrac-
tion temperature, extraction time, and liquid-solid ratio of
25°C, 30 min, and 0.3 ml/mg, respectively, the influence of
different methanol concentrations on the antioxidant yield
was compared, and the results are shown in Figure 1(a).
When the extraction solvent was 25%, 50%, or 75% meth-
anol, the antioxidant yields were significantly higher than
that when the extraction solvent was water or anhydrous
methanol. Moreover, the antioxidant yield for extraction
with water was also significantly higher than that for ex-
traction with anhydrous methanol. This result may be at-
tributed to the higher water solubility of the active
ingredients in the antioxidants from LCP, such as poly-
saccharides [34] and flavonoid glycosides [19]. Considering
that the highest antioxidant yield was obtained via extraction
with 25% methanol, this solvent was chosen as the extraction
solvent for subsequent analyses.

3.1.2. Influence of Extraction Temperature. When de-
termining the influence of the extraction temperature (25,
35, 45, and 55°C) on antioxidant yields, the methanol
concentration, extraction time, and liquid-solid ratio were
set at 25%, 30 min, and 0.3 ml/mg, respectively. As shown in
Figure 1(b), the antioxidant yield was highest when the
extraction temperature was set at 25°C; it significantly de-
creased with increasing extraction temperature thereafter,
which might be related to the degradation of phenolic
compounds. Phenolic compounds typically exhibit good
antioxidant activity [35], but may be degraded by prolonged
ultrasonic treatment at higher temperatures. As reported by
Ma [36], after ultrasonic treatment at 40°C for 20 min, the
contents of caffeic acid, p-coumaric acid, ferulic acid, and p-
hydroxybenzoic acid decreased by 48.90%, 44.20%, 48.23%,
and 35.33%, respectively. In the present work, the influence
of a temperature lower than 25°C on the antioxidant yield
was not studied because the room temperature in this ex-
periment was ~25°C; to lower the experimental temperature,
the experimental steps would have to be increased, which
would affect the accuracy of the experimental results. Hence,
the optimum extraction temperature was selected as 25°C.

3.1.3. Influence of Extraction Time. When determining the
effects of extraction time (15, 30, 45, 60, and 75 min) on the
antioxidant yield, the methanol concentration, extraction
temperature, and liquid-solid ratio were set at 25%, 25°C,
and 0.3 ml/mg, respectively. As shown in Figure 1(c), for an
extraction time in the range of 15-30 min, the antioxidant
yield was notably enhanced (P < 0.05). As the extraction
time increased from 30 to 45 min, it had a notable decreasing
effect on the antioxidant yield (P < 0.05). When the ex-
traction time was increased from 45 to 75min, the anti-
oxidant yield slightly increased, but there was no significant
difference among the results. The above experimental results
indicated that prolonged extraction could decrease the
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FiGure 1: Influence of methanol concentration (a), extraction temperature (b), extraction time (c), and liquid-solid ratio (d) on the yields of

antioxidants from LCP.

antioxidant yield due to the instability of the main anti-
oxidant ingredients, such as phenolic compounds [37].
Therefore, the extraction time was set at 30 min.

3.1.4. Influence of Liquid-Solid Ratio. The methanol con-
centration, extraction temperature, and extraction time were
set at 25%, 25°C, and 30 min, respectively, to determine the
effects of the liquid-solid ratio (0.1, 0.2, 0.3, 0.4, and 0.5 ml/
mg) on the antioxidant yields. Figure 1(d) shows that the
antioxidant yield from LCP gradually increases when the
liquid-solid ratio increases from 0.1 to 0.4 ml/mg. However,
when the liquid-solid ratio is greater than 0.4 mg/ml, the
antioxidant yield does not increase further. Therefore, the
liquid-solid ratio was set at 0.4 ml/mg.

3.2. Optimisation of UAE Condition

3.2.1. Prediction Model and ANOVA. Considering that an
extraction temperature higher than room temperature
(~25°C) negatively affected the antioxidant yield and was
also inconvenient for the extraction process, the extrac-
tion temperature was fixed at 25°C for subsequent ex-
traction process optimisations in our work. Following the

BBD, 17 trials were conducted to optimise the methanol
concentration, extraction time, and liquid-solid ratio,
which are listed in Table 2. The influence of the three
extraction variables on the antioxidant yields was calcu-
lated to achieve the best fit equation, which is expressed as
follows:

Y = 508.14 + 44.22 x X1 + 12.40 x X2 — 4.61 x X3 — 1.57
X X1 x X2 —4.38x X1 xX3+1.62x X2 x X3 -74.22
x X172 - 49.75 x X2"'2 — 42.62 x X3"2.
(1)

As listed in Table 3, the obtained regression relation
between the antioxidant yield and the three variables was
significant (P < 0.0001) with a high degree of correlation
(R*=0.9834). The regression model also exhibited good
reliability because the P value for a lack of fit was higher than
0.05. Moreover, the calculated data may not show a signif-
icant difference with the experimental data because of the
low coefficient of variation (CV =2.87%). The Ag4.q precision
value was 19.623, which indicated that the signal was ade-
quate without high levels of noise [38]. The P values of X1
and X2 were lower than 0.05, indicating that the methanol
concentration and extraction time notably influenced the
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TaBLE 2: Box-Behnken design and response data for antioxidants yields.
Extraction
Run X1 X2 X3 yield (umol TE/g)
1 -1 1 0 347.63
2 1 0 1 427.28
3 1 -1 0 423.84
4 0 1 -1 438.19
5 0 1 1 435.92
6 0 -1 -1 398.86
7 -1 -1 0 337.48
8 0 0 0 510.33
9 0 0 0 510.99
10 0 -1 1 390.11
11 0 0 0 491.7
12 -1 0 -1 346.54
13 1 0 -1 448.97
14 0 0 514.84
15 0 0 0 512.85
16 -1 0 1 342.38
17 1 1 0 427.73
TaBLE 3: ANOVA for the response surface quadratic model of antioxidants yield.
Source Sum of squares df Mean square F value P value
Model 62876.9 9 6986.32 45.96 <0.0001
X1 15645.92 1 15645.92 102.92 <0.0001
X2 1229.58 1 1229.58 8.09 0.0249
X3 169.92 1 169.92 1.12 0.3255
X1X2 9.8 1 9.8 0.0644 0.8069
X1X3 76.83 1 76.83 0.5054 0.5001
X2X3 10.5 1 10.5 0.0691 0.8003
X12 23197.11 1 23197.11 152.6 <0.0001
X22 10420.16 1 10420.16 68.55 <0.0001
X32 7649.98 1 7649.98 50.32 0.0002
Residual 1064.1 7 152.01
Lack of fit 713.84 3 237.95 2.72 0.1793
Pure error 350.27 4 87.57
Cor total 63941 16
Adeq precision 19.263

antioxidant yield, which is consistent with the results of the
single-factor experiment.

3.2.2. Response Surface Plot and Contour Plot. The obtained
regression model between the antioxidant yield and the
three variables is also depicted in the form of a response
surface plot and its corresponding contour plot (Figure 2).
The contour plots were elliptical, as shown in Figures 2(b),
2(d), and 2(f), suggesting that the mutual interactions
among the variables were not notable, consistent with the
ANOVA result in Table 3.

3.2.3. Optimisation of the Regression Model. By setting the
extraction yield to the maximum, the three independent
variables, i.e., the liquid-solid ratio, methanol concentration,
and extraction time, were optimised to 0.4 ml/mg, 32%
methanol, and 32 min, respectively. With these optimised
extraction conditions, the predicted antioxidant yield from
LCP was 515.637 yumol TE/g. A verification test was then

conducted, and the antioxidant yields achieved were
516.20 + 28.52 ymol TE/g (n = 6); thus, there was no notable
difference with the predicted value. Therefore, it is feasible to
use this regression model to predict the yield of antioxidant
extracts from LCP. The antioxidant capacities of the ex-
traction solutions were also measured using the ABTS and
FRAP assays. They are presented as Trolox equivalent values,
which were 1027.36 + 77.68 and 480.92 + 32.77 ymol TE/g,
respectively. Thus, LCP offers better antioxidant activity
than some commonly used herbal teas, such as loquat leaf
tea, which also has hypoglycaemic activity [39].

3.3. MS/MS-Based MN of Compounds in Antioxidant Extracts
of LCP. The total ion chromatograms (TICs) of the LCP
antioxidant extraction solution in the negative ion mode are
shown in Figure 3. In the present work, a molecular network
with 1290 precursor ions was generated. MN is a useful
computing strategy based on MS/MS profiles. It can cluster
compounds displaying similar fragment ions into the same
group. The MN of the compounds in the antioxidant extracts
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of LCP results in 101 clusters (nodes >2) and 597 single nodes,
as shown in Figure 4. The results can be downloaded from
the following link: https://gnps.ucsd.edu/ProteoSAFe/status.
jsp?task=c6873f9e¢7f9a4da7aeb6230d2ac03cff. Based on the
analysis results of MolNetEnhancer, the structures of nodes in
the molecular network were annotated at the class level, and
the results are available at the following link: https://gnps.
ucsd.edu/ProteoSAFe/status.jsp?task=3f544c52{2e5454181 ee
85f45c964b7b. The structure classes are marked in different
colours in Figure 4. The structure class of part nodes with
grey colour was annotated not by MolNetEnhancer but by an
in-house database together with their MS> spectra. They were
marked with a dashed box and directly annotated in Figure 4.
The classes include flavonoids, quinic acids and derivatives,
hydroxybenzoic acid derivatives, O-glycosyl compounds,
and fatty acids.

According to the molecular weights and characteristic
fragments in the developed database of compounds from
LCP, the nodes of triterpenoids were also screened via MN
and are shown in Figure 4. Numerous studies have proved
that flavonoids and phenolics have stronger antioxidant
activity than triterpenoids [40]; therefore, in the present
work, we mainly focused on the former classes in anti-
oxidant extraction from LCP by comparison with the
reference standards, in-house compound database, and
GNPS library. In all, 42 compounds in LCP with an an-
tioxidant activity were definitively or tentatively charac-
terised, including 20 flavonoids, 16 quinic acid derivatives,
4 caffeoyl derivatives, and 2 coumaroyl derivatives. De-
tailed information, including the RT, MS/MS fragment
ions, compound names, and structure types, is provided in
Table S1.

3.3.1. Identification of Flavonoids. Flavonoids are among the
most important active ingredients of LCP, possessing sig-
nificant antioxidant activity [41]. The chemical class of
compounds in molecular networking was annotated by
MolNetEnhancer at different levels, including CF_super-
class, CF_class, CF_subclass, and CF_department. In the
level of CF_class, the chemical class of nodes in Figure 5 was
all annotated as flavonoids, while they were divided into
different classes in the level of CF_department, including
flavonoid-3-O-glycosides, flavonoid-7-O-glycosides. There-
fore, clusters CF1-CF4 mainly comprise nodes of flavonoids
in separate form. In all, 26 nodes were annotated according
to the literature and the GNPS database. These nodes rep-
resented the [M—H] ", [2M-H]~, [M + FA-H]", and/or [3M-
H]™ ions of 20 flavonoids from LCP (Table S1). Except
kaempferol (no. 42) and quercetin (no. 36), which were
included in Clusters F2 and CF4, the other 19 flavonoids
were flavonoid glycosides. Among these 19 flavonoid gly-
cosides, the signals at m/z 285, 317, and 301 in the MS’
spectra correspond to kaempferol, myricetin, and quercetin,
which are the most common aglycones of flavonoids in LCP.
Additionally, neutral losses of 190 Da (glucuronyl), 162 Da
(glucosyl or galactosyl), 146 Da (rhamnosyl), and 132Da
(arapyranosyl) could be observed in the MS® spectra of
flavonoid glycosides. By comparing with reference stan-
dards, five compounds were explicitly identified as being
myricitrin (no. 18), isoquercitrin (No. 20), hyperoside (no.
22), quercitrin (no. 27), and afzelin (No. 33), which are all
flavonoid-3-O-glycosides and are present in Cluster CF1. A
comparison of the relative abundances of the [Aglycone-H]™
and [Aglycone-H] e ions is an effective method to de-
termine the glycosylation position of flavonoids [42]. For
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example, for isoquercitrin displayed in Figure 5(a), the
relative abundance of the [Aglycone-H] e ions (m/z 300.02)
in the MS” spectra is remarkably higher than that of the
[Aglycone-H]™ ions (301.03), indicating that the sugar unit
was linked to the 3-O-position of flavonoids [43]. Similarly,
the relative abundances of the [Aglycone-H] e ions of other
compounds in Cluster CF1 are all higher than those of the
[Aglycone-H] ions, suggesting that the sugar moieties of these
compounds were all linked to the 3-O-position. Similar to
compound 21 in Figure 5(b), the relative abundances of the
[Aglycone-H] e ions are remarkably lower than those of the
[Aglycone-H] ™ ions in the MS* spectra of compounds from
CF2 and CF3; the compounds of these clusters are significantly
different from those in Cluster CF1, indicating that the sugar
moieties in these two clusters were linked to the 7-O-position.

Compound 13 showed [M-H]™ ions at m/z 593.1521
(C,7H300,5) and neutral losses of 146 and 132 Da in the MS?
spectra in Figure 5(c), producing fragment ions at m/z
284.0298 (14.11), 285.0408 (100), and 447.0919 (7.9); this
indicates that compound 13 was a kaempferol derivative

containing hexose and deoxyhexose units. Because of the
presence of [M-Rha]™ (m/z 447.0919) and the higher relative
abundance of [Aglycone-H] ™ ions at m/z 285.0408, two
sugar units of compound 13 might be attached to the 7-O-
position of kaempferol by forming a disaccharide. Thus,
compound 13 was tentatively identified as kaempferol-7-O-
glucoside-O-rhamnoside.

3.3.2. Identification of Phenolic Compounds. In addition to
flavonoids, other types of phenolic compounds were also
separated from LCP, such as caffeoyl quinic acids, which also
possess strong antioxidant activities [44, 45]. In plants,
quinic acid is naturally esterified with a large group of
hydroxycinnamic acids, the majority of which are p-
coumaric acid, caffeic acid, ferulic acid, and sinapic acid
[46]. In this work, quinic acid derivatives, with characteristic
fragment ions at m/z 191.06 ([quinic acid-H] ), m/z
173.0455 ([quinic acid-H-H,0]7), and/or m/z 127.04
([quinic acid-H-H,0O-HCOOH] "), are present in the cluster
as shown in Figure 6(a) according to the results of
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MolNetEnhancer. In these quinic acid derivatives, di-
agnostic ions of m/z 163.0397, 179.0347, and/or 193.0504
were determined, indicating the presence of coumaroyl,
caffeoyl, and feruloyl units in quinic acid derivatives from
LCP. The typical loss of CO, [M-H-44] was also observed

for all hydroxycinnamic acids. For feruloyl units, the loss of
a methyl group [M-H-15]" was detected [47]. In addition,
the differences in the intensities of the characteristic frag-
ment ions of quinic acid could be used to determine the
substitution position of hydroxycinnamic acids in the quinic



Journal of Chemistry

179.0345

508.1413

341.0882

)
@ 32.34$.. ‘
3280851 @ @ ..

100

80

60

40

Relative Abundance

20

el b b bl

11

109.0290

59.0128 162Da

> 341.0882

221.0452 |

71.0128 ‘ 281.0663 !

‘IJIJ

537.1622

w
S

100 300

g
g
T 60 113.0238
=1
5 50 -
= o, o 59.0128
£ 30 162Da p325.0934
& 20 7 | 71.0128 ’ 205.0502  265.0725 !

10 ’

0 l. N mL ‘\“ M | P [ L 317'.8V10

B s B B B B B T T T T T T T T T T T T
50 100 150 200 250 300 350 400
m (z)

(c)
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acids [48]. According to the characteristic fragment ions
listed in Table S1, 20 nodes in Figure 6 related to 16 quinic
acid derivatives were identified.

In our study, characteristic fragment ions of coumaroyl
and/or caffeoyl units were also detected in the MS/MS
profiles of other compounds from LCP. Most of these
compounds were included in the cluster as shown in
Figure 7(a). Compounds 3 and 7, which had [M-H]~
precursor ions at m/z 341.0882 and 325.0934, respectively,
were inferred to contain coumaroyl and caffeoyl units be-
cause of the main fragment ions at m/z 179.03 [caffeoyl-H] ",
161.02 [caffeoyl-H-H,0]", 135.04 [caffeoyl-H-CO,] ,
163.04 [coumaroyl-H]", 145.03 [coumaroyl-H-H,0]", and
119.05 [coumaroyl-H-CO,]". A neutral loss of 162 Da was
observed in the MS/MS profiles of compounds 3 and 7,
indicating the presence of a glucoside moiety. Therefore,
compounds 3 and 7 were tentatively identified as caffeoyl
glucoside and coumaroyl glucoside, respectively. In addi-
tion, compound 19 was annotated as (1S, 4aS, 7S, 7aS)-1-
[(2S, 3R, 48, 5S, 6R)-6-[[(E)-3-(3,4-dihydroxyphenyl)prop-
2-enoyl]oxymethyl]-3,4,5-trihydroxyoxan-2-ylJoxy-7-hydroxy-
7-methyl-4a,5,6,7a-tetrahydro-1H-cyclopenta[c]pyran-4-
carboxylic acid by the GNPS database. From the structure

derivatives, respectively (a). MS/MS spectra of caftfeoyl glucoside (b) and

shown in Figure S1, the unit of caffeoyl glucoside in the
compounds can be easily observed.

4. Conclusions

Components with antioxidant activity are the major active
compounds in LCP. In the present work, the UAE of an-
tioxidants from LCP was determined by single-factor
analysis and RSM. With the optimal extraction condi-
tions, the antioxidant yields reached 516.20 + 28.52 ymol TE/
ml. In addition, UHPLC-Q-Exactive Orbitrap-MS-based
MN was applied to identify the active ingredients in the
antioxidants. In all, 42 compounds with antioxidant activity
in LCP were definitively or tentatively characterised, in-
cluding 20 flavonoids, 16 quinic acid derivatives, 4 caffeoyl
derivatives, and 2 coumaroyl derivatives.

The findings of the present work indicate that LCP
leaves could be a good source of natural antioxidant
compounds and, hence, could be applicable in the de-
velopment of potential pharmaceutical drugs targeting
diseases related to oxidative stress. Nevertheless, further
studies using animal models are required to isolate active
compounds, identify which ingredients are the main
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antioxidant compounds, and clarify their antioxidant
mechanisms.
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