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A B S T R A C T   

Although Abelia macrotera has long been used as the raw material for the special snack “immortal tofu” by 
Chinese population, the composition and activity of its leaf and stem are rarely studied. Ultrahigh-performance 
liquid chromatography-quadrupole (UHPLC-Q)-Exactive Orbitrap mass spectrometry and various experiments 
were used for in vitro study of its chemical composition and antioxidant, antityrosinase, and anti-inflammatory 
activities. A fast, accurate, and sensitive UHPLC-Q-Exactive Orbitrap mass spectrometry method has been 
established and effectively used for the determination of the chemical composition of the leaf and stem of 
A. macrotera. The biological activities of the leaf and stem extracts of the A. macrotera were determined in vitro by 
antioxidant and anti-inflammatory methods. A total of 142 chemical constituents including 48 flavonoids, 65 
organic acids, 12 phenylpropanoids, and 19 others were identified by UHPLC-Q-Exactive Orbitrap mass spec-
trometry. The results show that the leaf and stem extracts have wide and significant antioxidant capacities, 
including scavenging effects of DPPH, ABTS and hydroxyl radicals, and the ability to reduce both iron and copper 
metal ions. Additionally, they showed a strong inhibition of NO production, with a dose-dependent inhibition. To 
the best of our knowledge, this is the first study to report the identification and content determination of the 
chemical components of the A. macrotera leaf and stem. These results will be beneficial to further understand its 
medicinal value.   

1. Introduction 

The Abelia macrotera (Graebn. et Buchw.) Rehd., also known as 
“shenxian tree” and “erchinuomitiao” in China, is a wild deciduous 
shrub plant of the genus Abelia, a family of the caprifoliaceae, which is 
primarily found in the Chinese provinces: Hunan, Shaanxi, Henan, 
Hubei, Sichuan, Guizhou and Yunnan (Committee, 2018). In ethnic re-
gions, the leaf was widely used for food and medicine (Li et al., 2015). 
For example, the tender leaf was used for a famous food called “cold 

jelly” in Dong nationality and the Wudang mountain area. The plant also 
has the effect of clearing heat and detoxification (Zhang, 2013). Previ-
ous investigations have shown that the Abelia engleriana, the plant of the 
same genus as A. macrotera, displayed several activities including anti-
oxidant, anti-aging, anti-inflammatory, anti-tumor, and other effects 
(Duan et al., 2014). 

Through chromatographic separation of A. macrotera in recent 
studies, a plethora of terpenoids and phenylpropanoids monomer com-
pounds have been identified, demonstrating exceptionally potent anti- 
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inflammatory activity. Additionally, it was discovered that these com-
pounds exert a significant inhibitory effect on NO production in lipo-
polysaccharide (LPS)-induced RAW264.7 cells (Xu et al., 2022). 
However, studies have focused on the chemical and biological activities 
of A. macrotera. Therefore, it is necessary to elucidate the chemical 
composition as well as the physiological activity of this compound. 

Ultra-high performance liquid chromatography-mass spectrometry 
(UHPLC-MS/MS) has been developed as a highly sensitive and powerful 
instrument over the past few years, which provides precise information 
on ion precursors and fragment ions from MS/MS. This is beneficial for 
improving the authenticity of the characterization of small and medium- 
sized molecules in mixtures (Bai et al., 2020). To determine which 
species are responsible for the nutritional effects of A. macrotera, our 
study examined the chemical composition of the leaf and stem using the 
UHPLC-Q-Exactive Orbitrap MS with multiple data mining. 

Many detrimental health effects have been linked to free radicals, 
including aging, diabetes, cardiovascular disease, and neurodegenera-
tive disorders (Lee et al., 2020). As reported by previous studies, 
phenolic compounds (such as flavonoids, anthocyanins and phenolic 
acids) possess good antioxidant activity (Zhang et al., 2023) and play a 
crucial role in the prevention of chronic diseases (Delgado et al., 2019). 
In light of the potential carcinogenic and toxic effects of synthetic an-
tioxidants, natural antioxidants have been suggested to be safer and 
healthier alternatives for use in food. Therefore, the mechanism of 
natural antioxidants has attracted considerable attention, especially in 
the treatment of diabetes (Sun et al., 2021). The literature has shown 
that natural antioxidants have a wide range of uses, for example, Achillea 
pseudoaleppica, a type of natural medicine, offers promising antioxidant 
properties (Yılmaz et al., 2023), and Satureja boissieri, which has been 
proven to have high antiradical, antioxidant activity, can be used as an 
alternative for antibiotics (Aras et al., 2018). 

Present study involves both qualitative and quantitative evaluation 
of A. macrotera, aiming to establish a reference for assessing its quality 
and a scientific foundation for comprehending its pharmacological ef-
fects. In vitro characterizations were performed, including UHPLC-Q- 
Exactive Orbitrap MS, to understand the chemical composition and 
antioxidant, antityrosinase, and anti-inflammatory activities, which 
play a significant role in the characterization results established the 
quality control and the nutritional ingredient for research. This method 
will serve as a benchmark to establish quality standards, as well as for 
the development and utilization of A. macrotera in the future. 

2. Materials and methods 

2.1. Materials and reagents 

Supplementary Table S1 provides detailed information about the 
reference standard substances. Formic acid was obtained from Fisher 
Scientific (New Jersey, USA) as LC-MS grade. Chromatographic grade 
methanol and acetonitrile were provided by Merck KGaA (New Jersey 
America). A Milli-Q system (Millipore, Milford, MA, USA) was used to 
purify deionized water. From TCI (Shanghai) Development Co., Ltd, 1,1- 
Diphenyl-2-picrylhydrazyl Free Radicals (DPPH) were purchased. 2,2′- 
Azinobis-(3-ethylbenzthiazoline-6-sulphonate) (TPTZ), levodopa and 
Fetal bovine serum was purchased from Shanghai Yuanye Biotechnology 
Co., Ltd. L-ascorbic acid (AR) and Potassium persulfate (AR) were pur-
chased from Sinopharm Chemical Reagent Co., Ltd. Salicylic acid and 
Iron sulfate heptahydrate were obtained from Aladdin Biochemical 
Technology Co., Ltd. (Shanghai). 3-(4,5-Dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT) was purchased from Sangon 
Biotech (Shanghai) Co., Ltd., Nitric Oxide Assay Kit was purchased from 
Beyotime Biotechnology (Shanghai) Co., Ltd. Other chemicals and sol-
vents used in this study were of analytical grade. 

2.2. Plant materials 

The plant materials used in this study were collected from Shaoyang, 
Hunan Province, China in July 2021 and identified as the leaves and 
steams of Abelia macrotera (Graebn. et Buchw.) Rehd. by Professor W. 
Cai of the Hunan University of Medicine. 

2.2.1. Preparation of the plant materials and extracts 
Freshly harvested stem of A. macrotera was meticulously separated 

from its leaf, followed by precise segmentation into small, uniform 
pieces. The leaf and stem of the A. macrotera were dried in an oven at a 
temperature of 55 ◦C and pulverized and sieved (60 mesh) (Zhang, 
2013). The resulting plant material was stored in a dry environment. 

A total of 1.0 kg of samples were sonicated (Ultrasonic cleaner, 300 
w) for 1 h with 70 % methanol at (1:15 w/v) at temperature of 25 ◦C, 
and the extracts were filtrated. The obtained extract was subjected to 
reflux using a rotary evaporator, with methanol being evaporated to 
yield a concentrated solution. Using the LGJ-10C vacuum freeze dryer 
(Sihuan Furuikeyi Technology Development Co., Ltd.), the liquid was 
condensed and frozen dried, to obtain 116.3 g of leaf extract and 111.0 g 
of stem extract of A. macrotera. Finally, the lyophilized extract was 
stored at − 20 ◦C for further investigation. 

2.3. Assay of total polysaccharides, flavonoids, and polyphenols 

The content of polysaccharide, flavonoid, and polyphenol were 
determined by the phenol–sulfuric acid method, the sodium nitrite- 
aluminum nitrate-sodium hydroxide method, and the sodium nitrite- 
aluminum nitrate-sodium hydroxide method with d-glucose, rutin, and 
gallic acid as the standards, respectively. Triplicate analyses were con-
ducted in all cases. 

2.4. UPLC-Q-Exactive Orbitrap MS analyses 

2.4.1. Preparation of standard solutions 
A single standard (20 mg/mL) was accurately weighed to prepare a 

stock solution and dissolved in 1 mg/mL methanol. To conduct further 
analysis, a mixed standard was prepared by mixing 30 individual stan-
dard solutions. The resulting mixed standard was then diluted with 
methanol to achieve a concentration of 2 mg/mL and stored at − 20 ◦C. 

2.4.2. Preparation of sample 
To prepare the sample, 1 mg of the leaf and stem extract of 

A. macrotera was dissolved in 1 mL of methanol and centrifuged at 
12,000 r/min for 15 min at 4 ◦C. The upper solution was filtered using a 
0.22 μm millipore filter and stored at − 20 ◦C before injection into the 
UHPLC-HRMS. 

2.4.3. Instrumentation and UHPLC-MS/MS conditions 
UHPLC analyses were completed using an Ultimate 3000 (Dionex, 

Sunnyvale, CA, USA) system. Samples were separated at 40 ◦C using a 
Thermo Scientific Hypersil GOLD aQ (100 × 2.1 mm, 1.9 μm). The in-
jection volume of the samples was 2 μL. The flow rate was set at 0.30 
mL/min. The mobile phase consisted of 0.1 % of formic acid in water (A) 
and acetonitrile (B), with optimized gradient elution conditions of: 0–2 
min, 5–10 % B; 2–5 min, 10–20 % B; 5–10 min, 20–25 % B; 10–12 min, 
25–55 % B; 12–20 min, 55–80 % B; 20–25 min, 80–95 % B; 25–26 min, 
95–5 % B; 26–30 min, 5 % B. 

The UHPLC system was outfitted with a Q-Exactive Orbitrap MS 
(Thermo Fisher Scientific, Bremen, Germany), this instrument was 
equipped with a heated electrospray ionization source (HESI) capable of 
scanning in negative and positive modes between m/z 120 and 1000. 
The key parameters were as follows: for (-)-ESI and (+)-ESI, the ion 
spray voltage was 3.0 and 3.5 kV, respectively, and for sheath and 
auxiliary gas it was one and 10 arbitrary units, respectively. The tem-
perature of the capillary and the auxiliary gas heaters were maintained 
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at 320 and 350 ◦C, respectively. The MSn spectra were acquired with full 
MS mode at a resolution of 35,000 and MS2 spectrum with the top 3 ions’ 
MS/MS fragmentation (dd-MS2-TOP3) or parallel reaction monitoring 
mode at a resolution of 17,500. For MS/MS acquisitions, the NCE 
(normalized collision energy) was 30 %. 

2.4.4. Data processing and analysis 
A combination of Xcalibur 4.2 software and Compound Discovery 

3.0 software (Thermo Fisher Scientific, California, USA) was used for the 
acquisition and analysis of the data. In the CD software, the raw LC-MS 
data were imported by using a TCM workflow, consisting of mzvault, 
mzcloud, and the Orbitrap Traditional Chinese Medicine Library 
(OTCML). The TCM workflow template was optimized with the 
following parameters: MS1 and MS2 with mass tolerances of 10 ppm, the 
retention time limit of 0.5–28 min, the maximum element counts of 
C60H60O60N10, the minimum peak intensity of 1,000,000 and the S/N 
threshold of 10. The data processing software of Compound Discoverer 
3.1 was used to perform peak matching and peak area extraction on the 
original data from the primary mass spectrometry. 

2.5. Antioxidant activity assays 

2.5.1. DPPH radical scavenging activity 
The DPPH free radical scavenging was determined according to the 

previously reported method (Zong et al., 2021). Briefly, 1 mL of different 
concentrations (0.0025, 0.005, 0.01, 0.025, 0.05, 0.1 and 0.15 mg/mL) 
of the leaf and stem extracts were mixed with 1 mL of a DPPH ethanol 
solution (0.2 mM) in a test tube. The background group used ethanol 
instead of the DPPH solution, and the control group used ethanol instead 
of the sample solution. Ascorbate was used as a positive control. After 30 
min of incubation in the dark at 37 ◦C, a 200 µL aliquot was taken and 
placed in a 96-microwell detector, and the absorbance was measured at 
517 nm using a multifunctional microplate reader (BMG LABTECH, 
Germany). All determinations were performed in triplicate. The DPPH 
radical scavenging activity was calculated as follows: 

DPPHradicalscavengingactivity(%) = (1 −
(Abss − Absb)

Absc
) × 100% 

Where Abss, Absc and Absb correspond to the sample, control, and 
background absorbances, respectively. 

2.5.2. ABTS radical scavenging activity 
A previously reported method was used to determine the free radical 

scavenging capability of ABTS (Kuppusamy et al., 2015). Briefly, a total 
of 1 mL of different concentrations (0.005, 0.01, 0.025, 0.05, 0.1 and 
0.15 mg/mL) of the leaf and stem extracts were mixed with 2 mL of an 
ABTS solution in a test tube. The background group used purified water 
instead of the ABTS solution, and the control group used purified water 
instead of the sample solution. Ascorbic acid was used as a positive 
control. The solutions were incubated for 6–8 min at 37 ◦C without light, 
after which a 200 µL aliquot was removed and placed in a 96-microwell 
detector. The absorbance at 734 nm was determined using a multi- 
function microplate reader. All determinations were performed in trip-
licate. The ABTS radical scavenging activity was determined as follows: 

ABTSradicalscavengingactivity(%) = (1 −
(Abss − Absb)

Absc
) × 100% 

Where Abss, Absc and Absb correspond to the sample, control, and 
background absorbances, respectively. 

2.5.3. •OH radical scavenging activity 
The hydroxyl radical scavenging activity was evaluated by the sa-

licylate method, with slight modifications to that previously reported 
(Zong et al., 2021). Briefly, the leaf and stem extract were separately 
diluted to a concentration (0.0625, 0.125, 0.25, 0.5 and 1.0 mg/mL) 
using pure water as the solvent. Then 25 µL of ferrous sulfate (9 mmol/ 

L), 0.03 % hydrogen peroxide, and salicylate-ethanol solution (9 mmol/ 
L) were each mixed with a 125 µL aliquot of different sample solution in 
a 96-microwell detector. The background group used purified water 
instead of the 0.03 % hydrogen peroxide, and the control group used 
purified water instead of the sample solution. Positive control was 
provided by ascorbic acid. Under dark conditions, the mixture was 
heated to 37 ◦C for 30 min, and the absorbance at 510 nm was deter-
mined using a multi-function microplate reader. All experiments were 
performed in triplicate and the ABTS radical scavenging activity was 
calculated as follows: 

⋅OHradicalscavengingactivity(%) = (1 −
(Abss − Absb)

Absc
) × 100%  

Where Abss, Absc and Absb correspond to the sample, control, and 
background absorbances, respectively. 

2.5.4. FRAP and CUPRAC/antioxidant capacity assays for the reduction of 
transition metal ions 

The ferric reducing ability of plasma (FRAP) assay was determined 
according to the previously reported method (Masek et al., 2020) with 
slight modifications, which involved the reduction of Fe3+ to Fe2+. The 
FRAP reagent consisted of acetate buffer (300 mM, pH 3.6), ferric 
chloride (20 mM), and a solution of 10 mM 2,4,6-tripyridyl-s-triazine 
(TPTZ) in hydrochloric acid (40 mM) at the ratio of 10:1:1 (v/v/v). A 
total of 20 µL of different concentrations (0.0625, 0.125, 0.25, 0.5, 1.0 
and 2.0 mg/mL) of the leaf and stem extracts were mixed with 180 µL of 
the FRAP reagent in a 96-well plate and incubated for 5 min at 25 ◦C in 
the dark. The background group used purified water instead of the 
sample solution. The absorbance at 593 nm was determined using a 
multi-function microplate reader. Ferrous sulfate (FeSO4⋅7H2O) was 
used to develop a 0.05–1.6 µmol/L standard curve. All results were 
expressed as Fe2+ content (Fe2+ mmol/L). A triplicate of each test was 
performed. 

The cupric reducing antioxidant capacity (CUPRAC) assay was 
determined using the previously reported method with slight modifi-
cations (Han et al., 2012), which involved the reduction of Cu2+ to Cu+. 
A 60 µL aliquot of CuSO4 (0.01 M) was mixed with 60 µL of an ethanol 
solution of neocuproine (7.5 mM) and 60 µL of a buffer solution 
CH3COONH4 (1 M) in a 96-microwell detector, followed by the addition 
of different concentrations (0.125, 0.25, 0.5, 1.0 and 2.0 mg/mL) of the 
leaf and stem extracts. The background group used purified water 
instead of the sample solution. After 30 min of incubation at 25 ◦C in the 
dark, the absorbance at 450 nm was determined using a multi-function 
microplate reader. CUPRAC was defined as: 

ΔA = A1 − A0 

Where A0 is the absorbance of the reagent test, and A1 is the absor-
bance of the sample. 

2.6. In vitro tyrosinase inhibitory assay 

The tyrosinase inhibitory ability of the leaf and stem extracts were 
examined in vitro using levodopa as a substrate, a slightly modified 
method compared with that previously described (Klomsakul et al., 
2022). Tyrosinase and levodopa were diluted in PBS (0.02 M, pH 6.8) to 
250 U/mL and 2.5 mM, respectively. A 40 µL aliquot of extracts at 
different concentrations (0.03125–2 mg/mL) was combined with 40 µL 
of tyrosinase solution and 80 µL of 0.02 M of PBS (pH 6.8) solution. The 
resultant solution was evenly mixed, and incubated at 25 ◦C for 20 min. 
The reaction was mixed by adding 40 µL of the levodopa solution and 
incubated at 25 ◦C for 10 min. Finally, the absorbance was measured at 
475 nm using a multi-function microplate reader. Vitamin C (Vc) was 
used as a positive control, the sample background group did not contain 
levodopa, the control group used PBS instead of the sample extracts, and 
the blank group contained no sample and levodopa. Experiments were 
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performed in triplicate. The inhibition rate of the tyrosinase activity was 
calculated as follows: 

Tyrosinaseinhibition(%) = (1 −
(A - B)
(C - D)

) × 100% 

Where A is absorbance of the sample; B is the absorbance of the 
sample background; C is the absorbance of the control group; and D is 
the blank group. 

2.7. Cell experiments to determine anti-inflammatory ability 

2.7.1. Cell culture 
The Cell Bank of Chinese Academy of Sciences (Shanghai) provided 

the macrophage-like cell line RAW264.7. The culture medium was high- 
glucose Dulbecco’s modified Eagle medium (DMEM), with 10 % heat- 
inactivated FBS and 1 % penicillin. Cells were grown at 37 ◦C in a hu-
midified incubator with 5 % CO2. Cells in the log growth cycle were 
selected for the experiments. The cells used for the experiments were all 
in the fourth to fifteenth passages. Cells were fluid-changed on the day 
before inoculation. 

2.7.2. Cell viability assay 
The cells seeded in a 96-well plate (5 × 104 cells/mL) were divided 

into either the blank, control, or drug groups (0.1, 0.2, 0.4 mg/mL). 
First, RAW264.7 cells were treated with the respective concentrations of 
the drug solutions (100 μL) for 24 h. Then, 10 μL of MTT (5 mg/mL) 
solution was added to each well, except for the blank group. Subse-
quently, the cells were placed in an incubator for a further 4 h incuba-
tion. Finally, the absorbance at 490 nm was measured using a 
multifunctional microplate reader after 100 μL of DMSO solution was 
added to each well and mixed for 10 min. The cell viability was calcu-
lated as follows: 

Cellviability(%) =
(OD sample group - OD blank group)
(OD control group - OD blank group)

× 100%  

2.7.3. NO concentration assay 
RAW264.7 cells (3 × 105 cells/mL) were placed in a 96-well plate 

and grown for 24 h until the cells were completely adherent. cells were 
treated with DEX (1 uM) and the leaf and stem extracts (0.1, 0.2, and 0.4 
ug/mL). After 1 h, LPS (0.1 μg/mL) was added to treat the cells for 18 h. 
The supernatant was collected and mixed with 100 μL of Griess reagent, 
then the absorbance was measured at 540 nm, according to the re-
quirements of the NO detection kit (Beyotime, Shanghai, China). The 
absorbance was measured on a multi-function microplate reader at the 
wavelength of 540 nm. The concentration of NO was then calculated 
from the standard curve. All of the tests were measured in triplicate. 

2.8. Statistical analysis 

All the tests were conducted in triplicate, and the results presented 
the average of the analyses and stated as mean ± SD. Analyses were 
conducted using GraphPad Prism software (GraphPad Prism version 9, 
San Diego, CA, USA). The statistical significance differences between 
two groups and multiple groups were calculated by one-way analysis of 
variance (ANOVA) and Dunnett’s Multiple Comparison Test, and the 
statistical significance was determined when P < 0.05. 

3. Results and discussion 

3.1. Chemical contents of A. macrotera 

Among the extract of the leaf, polysaccharides (55 %) were found 
along with polyphenols (35 %), and flavonoids (22 %). The stem extract 
was composed of polysaccharides (35 %), polyphenols (20 %), and fla-
vonoids (9 %). Some studies show that polysaccharides have anti- 

inflammatory activities, antioxidant activities, and analgesic effects 
(Hou et al., 2020), while polyphenols present in plants have antioxidant 
capacity (Aras et al., 2018). Thus, the antioxidant and anti- 
inflammatory activities of A. macrotera may be mediated by poly-
saccharides and polyphenols. 

3.2. Identification of chemical constituents in leaf and stem 

As shown in Table 1, a total of 142 and 104 compounds are deter-
mined in the leaf and stem (Fig. 1) of A. macrotera, respectively, 
including 48 kinds of flavonoids, 65 organic acids, 11 phenylpropanoids 
and 18 others (comprehensive information appears in Supplementary 
Material Table S2). This data highlights that there is an abundance of 
chemical components in A. macrotera. The extracted ion chromatograms 
(EICs) of these compounds in both positive and negative ion modes are 
shown in Fig. 2. 

3.2.1. Identification of flavonoids and derivatives 
A total of 48 flavonoids were preliminarily identified in A. macrotera. 

The peaks obtained from mass spectrum at 56, 94, 96, 97, 98, 102, 105, 
121, 125, 130, and 132 were accurately identified as catechin, rutin, 
quercetin, isoquercitrin, kaempferol-3-O-neohesperidoside, luteoloside, 
kaempferol-7-O-glucoside, eriodictyol, luteolin, kaempferol, and iso-
rhamnetin based on the retention time and MS2 pattern of the corre-
sponding reference standard. 

The peak 45, with [M− H]- ion at m/z 451.1246, could be charac-
terized as catechin-glucopyranoside, which produced some character-
istic fragment ions at m/z 289.0714 [M− H− C6H10O5]-, 205.0497, and 
137.0231. Peak 67 showed a precursor ion at m/z 625.1410 [M− H]- and 
was suggested to be quercetin-dihexoside based on the product ions at 
m/z 463.0885 [M− H− C6H10O5]- and 301.0348 [M− H− 2C6H10O5]-, in 
line with the literature characterization (Sánchez-Salcedo et al., 2016). 
Peaks 81 and 88 possessed the same parent ion at m/z 755.2040 and 
produced product ions at m/z 301.0334, 178.9977 and 151.0029, 
therefore, they were attributed to quercetin rutin rhamnoside. Peak 84 
displayed a [M− H]- ion at m/z 595.1305 and yielded a fragment ion at 
m/z 301.0347 [M− H− C6H10O5− C5H8O4]-, which corresponded to the 
loss of a glucose and an arabinose moiety. Thus, peak 84 was tentatively 
identified as quercetin-arabinosyglucoside based on literature research 
(Zeng et al., 2017). Peak 106, with a parent ion [M− H]- at m/z 
433.0776, was identified as quercetin-pentoside due to the fragment ion 
at m/z 301.0338 [M− H− C5H8O4]- and 271.0237 
[M− H− C5H8O4− CO− 2H]-, which were related to the loss of xylan. 

Peaks 71, 79, 83, 86, 110, 112, 117, 137 and 140 were respectively 
characterized as vicenin II, schaftoside, isoschaftoside, eriocitrin, rhoi-
folin, narcissoside, neodiosmin, demethylnobiletin and demethylnobi-
letin isomer, when compared with the mzVault. 

Peaks 70, 80, and 90 possessed the same precursor ion [M− H]- at m/ 
z 449.1089, which loses a molecule of rhamnose to produce m/z 
285.0404 [M− H− C6H10O5− 2H]-, and loses another molecule to pro-
duce the quercetin characteristic ion at m/z 125.0232 
[M− H− 2C6H10O5]-, thus they were identified as the taxifolin-7- 
rhamnoside isomer. Compared with the literature, peak 114 and peak 
126 were identified as ashesperetin or the hesperetin isomer, peak 123 
was characterized as calycosin, peak 131 and peak 133 were identified 
as chrysoeriol or the chrysoeriol isomer, and peak 134 was identified as 
genkwanin (Vieira de Morais et al., 2021). 

Among the 48 kinds of flavonoids and their derivatives in the char-
acterization, 48 were found in the leaf, while only 32 compounds were 
found in the stem. The leaf-specific compounds included taxifolin-7- 
rhamnoside, quercetin-rhamnosyl rutin, isorhamnetin-3-O- nehesper-
idine, and rhoifolin, which indicates that the biological activity of the 
leaf may be better than that of the stem. Thus, A. macrotera proved to be 
a promising source of flavonoids that may have valuable applications in 
the medical, healthcare, food, and pharmaceutical industries. 
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Table 1 
Identification of 142 chemical constituents in A. macrotera by UHPLC-Q-Exactive Orbitrap MS.  

Peak tR Theoretical 
Mass m/z 

Experimental 
Mass m/z 

Error 
(ppm) 

Formula Identification/ 
Reactions 

source Peak tR Theoretical 
Mass m/z 

Experimental 
Mass m/z 

Error 
(ppm) 

Formula Identification/Reactions source 

1  0.85*  191.05611  191.05518  − 4.87 C7H12O6 Quinic acid L 
S 

72  5.89  167.03498 167.03392 − 6.36 C8H8O4 4-Methoxysalicylic acid L 
S 

2  0.88  175.11895  175.11853  − 2.41 C6H14N4O2 Arginine L 
S 

73  5.89  355.10345 355.10327 − 0.52 C16H20O9 Ferulic Acid-hexoside L 
S 

3  0.91  195.05102  195.05013  − 4.59 C6H12O7 Gluconic acid L 
S 

74  5.96  175.02481 175.02383 − 5.61 C6H8O6 Ascorbic acid isomer L 

4  0.91  341.10893  341.10855  − 1.13 C12H22O11 Sucrose L 
S 

75  5.98  415.16097 415.15945 − 3.66 C19H28O10 Phenylethanol rutin L 
S 

5  0.94  193.03537  193.03453  − 4.38 C6H10O7 D-Galacturonic acid L 
S 

76  6.26*  163.04007 163.03893 − 6.98 C9H8O3 4-Coumaric acid L 
S 

6  0.94  209.03029  209.02951  − 3.73 C6H10O8 Saccharic acid L 
S 

77  6.28  415.16097 415.16110 0.31 C19H28O10 Phenylethanol rutin L 
S 

7  0.95  148.06043  148.06013  − 2.05 C5H9NO4 L-Glutamic acid L 
S 

78  6.28*  173.08193 173.08095 − 5.67 C8H14O4 Suberic acid L 
S 

8  0.97  138.05496  138.05469  − 1.92 C7H7NO2 Trigonelline L 
S 

79  6.33  563.14062 563.14032 − 0.55 C26H28O14 Schaftoside L 
S 

9  0.98*  133.01425  133.01302  − 9.22 C4H6O5 Malic acid L 
S 

80  6.52  449.10893 449.10858 − 0.79 C21H22O11 Taxifolin 7-rhamnoside L 

10  1.00*  145.01425  145.01311  − 7.84 C5H6O5 α-Ketoglutaric acid L 81  6.63  755.20402 755.20392 − 0.13 C33H40O20 Quercetin rutin rhamnoside L 
S 

11  1.00  173.00916  173.00815  − 5.84 C6H6O6 Trans-Aconitic acid L 82  6.74  173.08193 173.08110 − 4.81 C8H14O4 Suberic acid isomer L 
12  1.00  175.02481  175.02382  − 5.66 C6H8O6 Ascorbic acid L 

S 
83  6.88  563.14062 563.14038 − 0.44 

− 1.45 
C26H28O14 Isoschaftoside L 

S 
13  1.00*  191.01973  191.01880  − 4.85 C6H8O7 Citric acid L 

S 
84  6.88  595.13046 595.12866 − 3.02 C26H28O16 quercetin- 

arabinosyglucoside 
L 
S 

14  1.03  149.00916  149.00769  − 9.87 C4H6O6 Tartaric acid L 
S 

85  6.90*  193.05063 193.04959 − 5.40 C10H10O4 Ferulic acid L 
S 

15  1.19*  129.01933  129.01814  − 9.24 C5H6O4 Citraconic acid L 
S 

86  6.93  595.16684 595.16760 1.27 C27H32O15 Eriocitrin L 
S 

16  1.19*  173.00916  173.00822  − 5.44 C6H6O6 Cis-aconitic acid L 
S 

87  6.95  609.14611 609.14612 0.02 C27H30O16 Rutin isomer L 

17  1.20  123.05529  123.05522  − 0.56 C6H6N2O Nicotinamide L 
S 

88  6.95  755.20402 755.20361 − 0.54 C33H40O20 Quercetin rutin rhamnoside L 

18  1.22  182.08116  182.08084  − 1.81 C9H11NO3  L- Tyrosine L 
S 

89  7.06  639.19306 639.19299 − 0.11 C29H36O16 β-Hydroxyverbascoside L 
S 

19  1.32  147.06628  147.06526  − 6.95 C6H12O4 Mevalonic acid L 
S 

90  7.11  449.10893 449.10831 − 1.39 C21H22O11 Taxifolin 7-rhamnoside L 

20  1.32  191.05611  191.05516  − 4.98 C7H12O6 Quinic acid isomer L 
S 

91  7.18  217.10814 217.10744 − 3.26 C10H18O5 Epieucommiol L 
S 

21  1.56*  169.01425  169.01338  − 5.13 C7H6O5 Gallic acid L 92  7.26  181.04954 181.04918 − 1.96 C9H8O4 Caffeic acid isomer L 
22  1.66  331.06707  331.06720  0.39 C13H16O10 Monogalloyl-glucose L 

S 
93  7.29*  137.02442 137.02322 − 8.74 C7H6O3 Salicylic acid L 

S 
23  1.73  315.07216  315.07187  − 0.90 C13H16O9 Protocatechuic acid-O- 

glucoside 
L 
S 

94  7.29*  609.14611 609.14594 − 0.28 C27H30O16 Rutin L 
S 

24  1.83  373.11402  373.11404  0.05 C16H22O10 Geniposidic acid L 95  7.34  623.19814 623.19812 − 0.04 C29H36O15 Verbascoside L 
S 

25  1.85  164.07170  164.07072  − 5.98 C9H11NO2 L-Phenylalanine L 
S 

96  7.40*  301.03537 301.03482 − 1.85 C15H10O7 Quercetin L 
S 

26  2.02  218.10339  218.10287  − 2.41 C9H16O5N Pantothenic acid L 
S 

97  7.45*  463.08820 463.08835 0.33 C21H20O12 Isoquercitrin L 
S 

27  2.07  197.04555  197.04475  − 4.04 C9H10O5 Danshensu L 98  7.50*  593.15119 593.15063 − 0.95 C27H30O15 Kaempferol-3-O- 
neohesperidoside 

L 
S 

(continued on next page) 
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Table 1 (continued ) 

Peak tR Theoretical 
Mass m/z 

Experimental 
Mass m/z 

Error 
(ppm) 

Formula Identification/ 
Reactions 

source Peak tR Theoretical 
Mass m/z 

Experimental 
Mass m/z 

Error 
(ppm) 

Formula Identification/Reactions source 

28  2.07  315.07216  315.07220  0.14 C13H16O9 Protocatechuic acid-O- 
glucoside 

L 
S 

99  7.55  181.04954 181.04906 − 2.62 C9H8O4 Caffeic acid isomer L 

29  2.15  167.03498  167.03498  − 5.88 C8H8O4 Vanillic acid L 
S 

100  7.56  477.14023 477.13968 − 1.16 C23H26O11 Calceolarioside B L 
S 

30  2.36  315.10854  315.10849  − 0.16 C14H20O8 Hydroxytyrosol 
Glucoside 

L 
S 

101  7.59*  515.11950 515.11523 − 8.29 C25H24O12 Isochlorogenic acid B L 

31  2.46  151.04006  151.03896  − 7.33 C8H8O3 Isovanillin L 
S 

102  7.70*  447.09328 447.09396 1.51 C21H20O11 Luteolin 7-O-D-glucoside L 
S 

32  2.46  153.05572  153.05455  − 7.63 C8H10O3 Hydroxytyrosol L 
S 

103  7.77  623.19814 623.19904 1.44 C29H36O15 Isoverbascoside L 
S 

33  2.55*  153.01933  153.01840  − 6.09 C7H6O4 Protocatechuic acid L 
S 

104  8.03  623.16176 623.15649 − 8.45 C28H32O16 Isorhamnetin-3-O- 
nehesperidine 

L 

34  2.60  167.03498  167.03401  − 5.82 C8H8O4 Isovanillic acid L 
S 

105  8.10*  447.09328 447.09323 − 0.12 C21H20O11 Kaempferol-7-O-glucoside L 
S 

35  3.08  151.04006  151.03894  − 7.46 C8H8O3 (R)-Mandelic acid L 
S 

106  8.12  433.07763 433.07745 − 0.43 C20H18O11 Quercetin pentoside L 
S 

36  3.20  389.10893  389.10889  − 0.11 C16H22O11 Deacetylasperulosidic 
acid 

L 
S 

107  8.14*  187.09758 187.09671 − 4.66 C9H16O4 Azelaic acid L 
S 

37  3.23  285.06159  285.06146  − 0.46 C12H14O8 Dihydroxybenzoic acid 
pentoside isomer 

L 
S 

108  8.28  579.20831 579.20782 − 0.85 C28H36O13 Syringaresinol-4′-O- 
glucopyranoside 

L 
S 

38  3.26  205.09715  205.09680  − 1.73 C11H12N2O2 L-Tryptophan L 
S 

109  8.35*  193.05063 193.04976 − 4.52 C10H10O4 Isoferulic acid L 
S 

39  3.30  375.12967  375.12949  − 0.48 C16H24O10 Loganic acid L 110  8.38  579.17083 579.17004 − 1.37 C27H30O14 Rhoifolin L 
40  3.34  299.11363  299.11343  − 0.66 C14H20O7 Salidroside L 

S 
111  8.44  447.09328 447.09241 − 1.96 C21H20O11 Kaempferol-7-O-glucoside L 

S 
41  3.41  137.02442  137.02328  − 8.30 C7H6O3 4-Hydroxybenzoic acid L 

S 
112  8.48  623.16176 623.15948 − 3.65 C28H32O16 Narcissoside L 

42  3.49  175.06119  175.06021  − 5.64 C7H12O5 2-isopropylmalic acid L 
S 

113  8.50  181.04954 181.04910 − 2.40 C9H8O4 Caffeic acid isomer L 

43  3.56  153.01933  153.01820  − 7.40 C7H6O4 Gentisic acid L 114  8.57  301.07176 301.07181 0.16 C16H14O6 Hesperetin isomer L 
44  3.60  299.07724  299.07706  − 0.60 C13H16O8 Salicylic acid-hexoside L 

S 
115  8.62  593.18758 593.18884 2.13 C28H34O14 Poncirin L 

S 
45  3.63  451.12458  451.12430  − 0.63 C21H24O11 Catechin- 

glucopyranoside 
L 
S 

116  8.85  447.09328 447.09286 − 0.95 C21H20O11 Quercetol-7-O-rhamnoside L 
S 

46  3.70  461.16645  461.16632  − 0.28 C20H30O12 Forsythiaside E L 117  9.07  607.16684 607.16681 − 0.05 C28H32O15 Neodiosmin L 
S 

47  3.75  175.02481  175.02374  − 6.12 C6H8O6 Ascorbic acid isomer L 118  9.46  447.09328 447.09314 − 0.32 C21H20O11 Quercetol-7-O-rhamnoside L 
S 

48  3.93  341.08780  341.08746  − 1.01 C15H18O9 CA-hexoside L 
S 

119  9.76  447.09328 447.09299 − 0.66 C21H20O11 Quercetin-3-rhamnoside L 
S 

49  3.95  181.04954  181.04915  − 2.13 C9H8O4 Caffeic acid isomer L 120  10.06*  263.12888 263.12863 − 0.96 C15H20O4 Abscisic acid L 
S 

50  3.98  431.15588  431.15549  − 0.92 C19H28O11 Osmanthuside H L 
S 

121  10.23*  287.05611 287.05594 − 0.60 C15H12O6 Eriodictyol L 
S 

51  4.05  131.07136  131.07014  − 9.36 C6H12O3 2-hydroxyhexanoic acid 
or isomer 

L 122  10.82  201.11323 201.11243 − 3.99 C10H18O4 3-tert-Butylpropionic acid L 
S 

52  4.19  323.13475  323.13446  − 0.91 C13H24O9 Periplobiose L 
S 

123  12.19  283.06119 283.06094 − 0.9 C16H12O5 Calycosin L 

53  4.24  167.03498  167.03392  − 6.36 C8H8O4 Orsellinic acid L 
S 

124  12.22  301.03537 301.03516 − 0.72 C15H10O7 Quercetin isomer L 

54  4.26  163.04007  163.03886  − 7.40 C9H8O3 2-Coumaric acid L 
S 

125  12.26*  285.04046 285.04025 − 0.74 C15H10O6 Luteolin L 

55  4.31  151.04006  151.03893  − 7.53 C8H8O3 vanillin L 
S 

126  12.86  301.07176 301.07138 − 1.27 C16H14O6 Hesperetin L 

(continued on next page) 
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Table 1 (continued ) 

Peak tR Theoretical 
Mass m/z 

Experimental 
Mass m/z 

Error 
(ppm) 

Formula Identification/ 
Reactions 

source Peak tR Theoretical 
Mass m/z 

Experimental 
Mass m/z 

Error 
(ppm) 

Formula Identification/Reactions source 

56  4.31*  289.07176  289.07147  − 1.02 C15H14O6 Catechin L 
S 

127  12.92  373.12818 373.12759 − 4.52 C20H20O7 sinensetin L 

57  4.35  181.04954  181.04921  − 1.80 C9H8O4 Caffeic acid isomer L 128  13.22  269.04555 269.04559 0.16 C15H10O5 Genistein L 
S 

58  4.38  285.06159  285.06137  − 0.77 C12H14O8 Dihydroxyben-zoic acid 
pentoside 

L 
S 

129  13.24  299.09250 299.09213 − 1.23 C17H16O5 Farrerol L 

59  4.40  341.08780  341.08740  − 1.19 C15H18O9 CA-hexoside L 
S 

130  13.31*  285.04046 285.04025 − 0.74 C15H10O6 Kaempferol L 
S 

60  4.66*  353.08781  353.08765  − 0.44 C16H18O9 Cryptochlorogenic acid L 131  13.38  299.05611 299.05600 − 0.37 C16H12O6 Chrysoeriol L 
S 

61  4.75  131.07136  131.07018  − 9.06 C6H12O3 2-hydroxyhexanoic acid 
or isomer 

L 132  13.43*  315.05103 315.05099 − 0.11 C16H12O7 Isorhamnetin L 

62  4.75*  353.08781  353.08670  − 3.13 C16H18O9 Chlorogenic acid L 133  13.92  299.05611 299.05582 − 0.97 C16H12O6 Chrysoeriol isomer L 
S 

63  4.78  289.07176  289.07083  − 3.22 C15H14O6 Epicatechin L 
S 

134  14.37  283.06119 283.06094 − 0.91 C16H12O5 Genkwanin L 
S 

64  4.92*  179.03498  179.03395  − 5.76 C9H8O4 Caffeic acid L 
S 

135  14.41  373.12818 373.12723 − 2.54 C20H20O7 Isosinensetin L 
S 

65  4.94  517.15628  517.15601  − 0.52 C22H30O14 Ferulic acid dihexoside L 
S 

136  14.53  311.22278 311.22275 − 0.10 C18H32O4 Dihydroxyoctadecadienoic 
acid 

L 
S 

66  4.99  355.10345  355.10324  − 0.61 C16H20O9 Ferulic Acid-hexoside L 
S 

137  14.90  389.12309 389.12195 − 2.94 C20H20O8 Demethylnobiletin L 
S 

67  5.30  625.14102  625.14136  0.54 C27H30O17 Quercetin dihexoside L 
S 

138  14.91  487.34289 487.34259 − 0.63 C30H48O5 Tormentic acid L 
S 

68  5.55  355.10345  355.10327  − 0.52 C16H20O9 Ferulic Acid-hexoside L 
S 

139  15.03  311.22278 311.22281 0.09 C18H32O4 Dihydroxyoctadecadienoic 
acid isomer 

L 
S 

69  5.69  163.04007  163.03908  − 6.06 C9H8O3 3-Coumaric acid L 
S 

140  15.77  389.12309 389.12213 − 2.48 C20H20O8 Demethylnobiletin isomer L 
S 

70  5.82  449.10893  449.10855  − 0.86 C21H22O11 Taxifolin 7-rhamnoside L 141  16.45  277.21730 277.21695 
279.23120 

− 1.27 C18H30O2 α-Linolenic acid isomer L 
S 

71  5.87  593.15119  593.15088  − 0.53 C27H30O15 Vicenin II L 
S 

142  19.33  277.21730 277.21692 0.59 C18H30O2 α-Linolenic acid L 
S 

* identified by comparison with reference standards. 
L: leaf, S: stem. 
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3.2.2. Identification of organic acids 
Peaks 1, 9, 10, 13, 15, 16, 21, 33, 60, 62, 64, 76, 78, 85, 93, 101, 107, 

109, and 120 were accurately identified as quinic acid, malic acid, 
α-ketoglutaric acid, citric acid, citraconic acid, cis-aconitic acid, gallic 
acid, protocatechuic acid, cryptochlorogenic acid, chlorogenic acid, 
caffeic acid, 4-coumaric acid, suberic acid, ferulic acid, salicylic acid, 
isochlorogenic acid B, azelaic acid, isoferulic acid, and abscisic acid. 
This identification was based on the retention time and MS2 pattern of 
the corresponding reference standard. 

Peak 44 contained a [M− H]- ion at m/z 299.0772, and a fragment 
ion at m/z 137.0231 [M− H− C6H10O5]-, corresponding to the loss of a 
hexose, and then by the neutral loss of a CO2, a fragment ion of m/z 
93.0332 [M− H− C6H10O5− CO2]- was identified. Thus, peak 44 was 
considered to be salicylic acid-hexoside. By comparing with databases 
and retention time behavior, peaks 48 and 59 showed similar [M− H]- 

ions at m/z 341.08780 and produced fragment ions at m/z 179.0339 
[M− H− C6H10O5]- and 135.0438 [M− H− C6H10O5− CO2]-, respectively. 
Thus, they were characterized as caffeic acid-hexoside (Tang et al., 

2022). Peaks 66, 68 and 73 possessed the deprotonation ion [M− H]- at 
m/z 355.1035, and displayed fragment ions at m/z 193.0497 
[M− H− C6H10O5]-, 175.0390 [M− H− C6H10O5− H2O]-, and 149.0596 
[M− H− C6H10O5− CO2]-. By comparison with the literature, these peaks 
were assigned as ferulic acid-hexoside (Mena et al., 2018). 

Peaks 11, 24, 27, 35, 41, 42, 43, 54, and 69 were respectively 
characterized as trans-aconitic acid, geniposidic acid, danshensu, (r)- 
mandelic acid, 4-hydroxybenzoic acid, 2-isopropylmalic acid, gentisic 
acid, 2-coumaric acid and 3-coumaric acid by comparison with mzVault. 

Peak 12 exhibited a [M− H]- ion at m/z 175.0248, which was char-
acterized as ascorbic acid, and yielded fragment ions at m/z 146.9599 
and 130.8732, in accordance with the previously reported data (Luo 
et al., 2020). According to the MS2 data and retention time behavior 
reported in the literature (Li et al., 2020), peaks 14, 19 were identified as 
tartaric acid, mevalonic acid. Peaks 29, 34, 53, and 72 were character-
ized as vanillic acid, orsellinic acid, isovanillic acid and 4-methoxysali-
cylic acid (Wang et al., 2021). Peak 26, with a [M− H]- ion at m/z 
218.1034, produced a fragment ion at m/z 146.0810, which was 

Fig. 1. A total of 142 and 104 compounds were identified in the leaf (a) and stem (b) of A. macrotera.  

Fig. 2. The high-resolution extracted ion chromatograms (EICs) of A. macrotera. (P) for positive and (N1-N3) for negative ion mode.  
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identified as pantothenic acid when comparing with previously reported 
data (Shi et al., 2022). Coincidentally, the peaks 51 and 61 displayed a 
molecular ion with a mass of 131.0714 [M− H]- and generated a product 
ion at m/z 87.0437 [M− H− CO2]- and 85.0644 [M− H− CO2− 2H]-, 
which corresponds to a loss of CO2. Thus, they were proposed to be 2- 
hydroxyhexanoic acid or its isomer according to published data (Li 
et al., 2020). Peaks 31 and 55 showed a similar [M− H]- ion at m/z 
151.0401 and produced a fragment ion at m/z 108.0441 [M− H− CO2]-. 
By comparing with databases and considering their retention time 
behavior, they were respectively characterized as isovanillin and 
vanillin (Koprivica et al., 2018). Peak 65 gave a [M− H]- ion at m/z 
517.1563 and a major fragment ion at m/z 193.0497 and was identified 
as ferulic acid-dihexoside, in agreement with the literature (Koprivica 
et al., 2018). Peaks 37 and 58 gave the same [M− H]- ion at m/z 
285.0616, as well as ions at m/z 152.0103, 153.0183, 108.0202 and 
109.0282, and were thus identified as dihydroxybenzoic acid pentoside 
or its isomer, in accordance with the literature (Peixoto Araujo et al., 
2020). Peak 122, with a [M− H]- ion at m/z 201.1132, produced frag-
ment ions at m/z 139.1116 and 183.1016, which was identified as 3-tert- 
butylpropionic acid by comparing with public data (Yu et al., 2019). 

In the characterization, a total of 65 types of organic acids and their 
derivatives were identified in the leaf, whereas only 45 types of com-
pounds were detected in the stem. For example, substances such as gallic 
acid, geniposidic acid, gentisic acid, and chlorogenic acid, were only 
found in leaf. Thus, the antioxidant activity of the leaf may be more 
effective than the stem. 

3.2.3. Identification of phenylpropanoids and their derivatives 
The majority of phenylethanol glycosides (phgs) have a class of phgs 

with a caffeoyl group, therefore, the MS2 of most compounds will show 
the same fragment pattern attributed to the caffeoyl group at m/z 
161.0232, 135.0438 and 179.0340 (Han et al., 2012), which can 
therefore be used as diagnosis ions of phenylethanol glycosides. Peak 
100 showed the [M− H]- ion at m/z 477.1402 and produced a fragment 
ion at m/z 315.1084 [M− H− C9H6O3]- and 161.0234 
[M− H− C8H10O3− C6H10O5]-, which indicated the presence of phenethyl 
glycosides. Thus, it was speculated as calceolarioside B. Analogously, 
peaks 89 and 95, displayed secondary fragment ions with roughly the 
same m/z of 161.0232, 179.0340 and 135.0438, which are typical of 
phenylethanol glycosides. Therefore, peaks 89 and 95 were identified as 
verbascoside, and isoverbascoside, respectively. (Huang et al., 2010). 

Peak 32 was detected at m/z 153.0557, with a fragment ion at m/ 
z 123.0438, corresponding to the loss of a CH2OH group, and was thus 
identified as hydroxytyrosol (Peralbo-Molina et al., 2012). Peak 30 
carried the precursor [M− H]- ion at m/z 315.1085 and yielded the main 
ions at m/z 153.0545 [M− H− C6H10O5]-, 123.0437 and 135.0438, 
which suggested the presence of hydroxytyrosol. Therefore peak 30 was 
characterized as hydroxytyrosol-glucoside (Peralbo-Molina et al., 2012). 

Peak 40 exhibited the [M− H]- at m/z 299.1136, which gave its 
product ion at m/z 137.0233 and 119.0487, affirmed as salidroside ac-
cording to published data (Li et al., 2017). Peak 46 was characterized as 
forsythiaside E by comparison with the databases. Peak 50 was detected 
at m/z 431.1559, with the main characteristic ion at m/z 229.1136, 
corresponding to the neutral loss of the furanosyl group in the precursor 
[M− H]- ion, which is consistent with the fragmentation of osmanthoside 
H (Huang et al., 2010). 

Peaks 89, 95, and 103 were identified as β-hydroxyverbascoside, 
verbascoside and isoverbascoside, respectively. Peaks 75 and 77 
possessed an identical precursor ion at m/z 415.1610 [M− H]- and pro-
duced the same fragment ions at m/z 161.0442 and 101.0230. Thus, 
these peaks were identified as phenylethylrutinoside by comparing with 
public data (Zeng et al., 2017). Peak 108 showed a deprotonated ion 
[M− H]- at m/z 579.2083 and produced a major fragment ion at m/z 
417.1549 [M− H− C6H10O5]- corresponding to the loss of a glucose, 
hence it was identified as syringaresinol 4-O-β-D-glucopyranoside on the 
basis of literature (Liu et al., 2022). 

A total of 12 substances were found and characterized as phenyl-
propanoid and its derivatives, of which forsythiaside E was only detec-
ted in the leaf. Forsythiaside E may be the main characteristic 
component of the leaf. 

3.2.4. Identification of other classes of compounds 
A total of 19 other classes of compounds were detected in the leaf and 

stem extracts of the A. macrotera. This includes amino acids, sugars, 
alkaloids, and unsaturated fatty acids. For example, by comparing peak 
18 with a reference public data set, peak 18 was determined to be l- 
tyrosine, (Jin et al., 2022) and amino acid of interest. It produced a 
precursor ion at m/z 182.0812 [M + H]+ and diagnostic ions at m/z 
136.0756[M + H-CO2]+ and 119.0491[M + H-CO2-OH]+ in the 
positive-ion mode. Analogously, peaks 2, 7, 25, and 38 were assigned to 
arginine, l-glutamic acid, l-phenylalanine, and l-tryptophan, 
respectively. 

3.3. Antioxidant analysis of the A. macrotera 

3.3.1. DPPH free radical scavenging assay 
The antioxidant activity of the leaf and stem extract were first 

determined by measuring the DPPH scavenging capacity, which showed 
that these extracts had a good scavenging activity against DPPH radicals. 
As shown in Fig. 3(a), the extracts of leaf and stem, at concentrations of 
0.0025–0.15 mg/mL, showed dose-dependent effects of DPPH radical 
clearance with an the biochemical half maximal inhibitory concentra-
tion (IC50) value of 0.019 and 0.067 mg/mL, respectively. Notably, the 
leaf extract at 0.1 mg/mL concentration showed a 91.53 ± 1.85 % 
clearance of DPPH radicals, with a better clearance of DPPH radicals 
than the stem extract. 

3.3.2. ABTS free radical scavenging assay 
The clearance ability of ABTS radicals by the leaf and stem extract is 

shown in Fig. 3(b). The results showed that the extracts of leaf and stem, 
at concentrations of 0.005–0.15 mg/mL, showed dose-dependent effects 
of ABTS radical clearance with an IC50 value of 0.03 and 0.05 mg/mL, 
respectively. In particular, the leaf extract at 0.1 mg/mL concentration 
showed a 95.4 ± 2.15 % clearance of ABTS radicals, with a better ABTS 
radical clearance than the stem extract. 

3.3.3. Hydroxyl free radical scavenging assay 
As shown in Fig. 3(c), the leaf and stem extract at a concentration of 

0.5 mg/mL showed a 54.84 ± 8.25 % and 45.64 ± 3.04 % clearance, 
respectively, to the hydroxyl radicals, with an IC50 value of 0.347 and 
0.558 mg/mL, respectively. The experimental results indicate that both 
the leaf and stem extract had a good scavenging effect on the hydroxyl 
free radicals. 

3.3.4. FRAP and CUPRAC/antioxidant capacity assays for the reduction of 
transition metal ions 

The FRAP assay and the CUPRAC assay were conducted to measure 
the antioxidant potential of the plant extracts to reduce iron and copper 
ions. As shown in Fig. 4, the FRAP determines the ability to reduce Fe3+

to Fe2+, while CUPRAC determines the ability to reduce Cu2+ to Cu+. 
A. macrotera extracts were found to be more effective in reducing iron 
and copper ions with increasing concentrations. Extraction of 
A. macrotera exhibited a good ability to reduce transition metal ions. For 
example, at the concentration of 1 mg/mL, the iron ion reduction ca-
pacity of the leaf and stem extract was found to be 1.785 ± 0.089 and 
0.67 ± 0.022 mmol/L, respectively. A high level of active compounds, 
such as polyphenolic compounds, may make the extracts capable of 
reducing transition metal ions. 

3.3.5. Relationship between the identified compounds and antioxidant 
The above antioxidant experiments indicate that the overall antiox-

idant activity of the leaf extract is better than that of the stem extract. 
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This finding aligns with our prior component characterization of the 
extracts. Specifically, during the component identification experiment, a 
total of 65 organic acids were identified in the leaf extract, whereas only 
45 were detected in the stem extract. Furthermore, substances such as 
gallic acid were only detected in the leaf extract, indicating that organic 
acid compounds have excellent antioxidant capabilities. Compounds 
such as gallic acid have been empirically demonstrated to possess 
commendable antioxidant properties (Badhani et al., 2015), which 
corroborates why the leaf appears to have better antioxidant capacity 
compared to the stem. 

3.4. Anti-tyrosinase activities of different extracts 

In this experiment, the A. macrotera extracts showed a relatively 
better inhibition with an IC50 value of 2.479 mg/mL (leaf extract) and 

23.03 mg/mL (stem extract), respectively. In this study, the leaf extract 
was shown to have a better ability to inhibit tyrosinase than the stem 
extract (Fig. 5). 

This is consistent with our previous natural activity identification 
experiments. The IC50 value of the leaf extract is lower than the stem 
extract, which may be closely related to the higher abundance of fla-
vonoids, organic acids, and phenylpropanoids in the leaf. In natural -
medicinal plants, the interaction between various components may 
produce unexpected results, and flavonoids and organic acid compounds 
are rich in anti-tyrosinase activities, which has been confirmed in the 
literature (Chen et al., 2022). In traditional Chinese medicine, phenyl-
propanoid compounds have demonstrated commendable efficacy in 
inhibiting tyrosinase activity (Li et al., 2023). It is worth noting that 
among the 12 phenylpropanoid compounds identified, forsythiaside E 
solely manifested in the leaf extract. Such findings imply the potential of 

Fig. 3. Effect of DPPH radical scavenging of the A. macrotera extracts. Among them, VC represents vitamin C, EAM-L represents leaf extract, and EAM-S represents 
stem extract. Different concentrations of the extracts and Vc (final concentrations of 0.0025, 0.005, 0.01, 0.025, 0.05, 0.1 and 0.15 mg/mL). a. Effect of ABTS radical 
scavenging of the A. Macrotera extracts. Different concentrations of the extract and Vc (final concentrations of 0.005, 0.01, 0.025, 0.05, 0.1 and 0.15 mg/mL, 
respectively). b. Hydroxyl radical scavenging action of the A. Macrotera extracts. Different concentrations of the extracts and Vc (final concentrations of 0.0625, 
0.125, 0.25, 0.5 and 1.0 mg/mL, respectively). c. Data are presented as the means ± SD of three independent experiments, * is compared to the Vc group, *P＜0.05, 
**P＜0.01.***P＜0.005. 

Fig. 4. The ability of the A. macrotera extracts to reduce ferric ions (Fe3+) to ferrous ions (Fe2+). EAM-L represents leaf extract, and EAM-S represents stem extract. 
Different concentrations of the extracts. (final concentrations of 0.0625, 0.125, 0.25, 0.5, 1 and 2 mg/mL). b. The ability of the A. macrotera extracts to reduce Copper 
ions (Cu2+) to Cuprous ions (Cu+). EAM-L represents leaf extract, and EAM-S represents stem extract. Different concentrations of the extracts. (final concentrations of 
0.0625, 0.125, 0.25, 0.5, 1 and 2 mg/mL). * is compared to the EAM-L. *P＜0.05, **P＜0.01, ***P＜0.005. 

Fig. 5. Inhibition of tyrosinase activity by the A. macrotera. Among them, VC represents vitamin C, EAM-L represents leaf extract, and EAM-S represents stem extract. 
extracts.Different concentrations of the extracts and Vc (final concentrations of 0.0625, 0.125, 0.5, 1, and 2 mg/mL). * is compared to the Vc.***P＜0.005. 
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forsythiaside E as a potent anti-tyrosinase agent, thereby corroborating 
prior research outcomes (Niu et al., 2020). 

3.5. Cell experiments of the A. macrotera extracts 

3.5.1. Effects of the A. macrotera extracts on the viability of RAW264.7 
cells 

To test the potential cytotoxicity of the leaf and stem extract against 
RAW264.7 cells, the cell viability was determined by the MTT assay. A 
variety of concentrations of leaf and stem extract (0.1, 0.2, and 0.4 mg/ 
mL) were applied to cells for 24 h. As shown in Fig. 6(a), none of the cells 
treated with these extracts showed any cytotoxicity. 

3.5.2. NO assay 
To investigate the anti-inflammatory potential of the leaf and stem 

extract, we determined the levels of NO (a key proinflammatory cell 
mediator) in the supernatant of the cells treated with LPS using the 
Griess reagent. NO production was inhibited in the LPS-treated cells by 
pretreatment with leaf and stem extract in RAW264.7 cells, as shown in 
Fig. 6(b). As a result, pretreatment of the cells showed significant and 
dose-dependent inhibition with leaf and stem extract. Therefore, our 
results indicate that leaf and stem extract can inhibit the generation of 
inflammatory mediators of macrophages treated with LPS. This may be a 
source of a novel anti-inflammatory agent. 

3.5.3. Relationship between the identified compounds and anti- 
inflammatory 

The above cell experiments indicate that the overall anti- 
inflammatory activity of leaf extract is better than that of stem 
extract. This finding aligns with our prior component characterization of 
the two extracts. Specifically, during the component identification 
experiment, a total of 48 flavonoids were identified in the leaf extract, 
whereas only 32 were detected in the stem extract. Furthermore, in the 
quantitative experiments, the leaf extract consisted of 22 % of flavonoids 
while the stem extract contained only 9 %. The significant anti- 
inflammatory capacity of flavonoids has previously been confirmed in 
the literature (Maleki et al., 2019). 

4. Conclusions 

In this study, the phytochemical characterization of the antioxidant 
and anti-inflammatory properties of A. macrotera are examined. For the 
first time, UHPLC-Q-Exactive Orbitrap MS was used to efficiently char-
acterize 142 chemicals, including flavonoids, phenolic acids, and phe-
nylpropanoids. Amongst them, all 142 compounds were found in the 
leaf while 104 were found in the stem. The results of content determi-
nation revealed that A. macrotera leaves are made up of polysaccharides 
(55 %), polyphenols (35 %) and flavonoids (22 %), while the stems are 
made up of polysaccharides (35 %), polyphenols (20 %) and flavonoids 
(9 %). The activity results showed that the leaf extract and stem extract 
had strong scavenging effects on both DPPH, ABTS and •OH radicals, 
and also had a significant reduction capacity for the reduction of both 
iron and copper metal ions. The antioxidant capacity of the leaf extract 
was found to be much better than that of the stem extract, which may be 
due to the high content of polysaccharide, flavonoids, and polyphenol in 
the leaf. Tyrosinase inhibition experiments also showed that the leaf 
extract had a stronger inhibition effect on the tyrosinase activity than 
the stem extract, which may possibly be related to the abundant com-
pounds found in the extracts. The extracts both showed a strong inhi-
bition of NO production from RAW264.7 cells, with a dose-dependent 
inhibition. 

This study has established phytochemical characterization, the 
antioxidant characteristics of the A. macrotera leaf and stem, and eval-
uation of cytotoxicity and NO release assays. This method will serve as a 
benchmark to establish quality standards, as well as for the development 
and utilization of A. macrotera in the future. 
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