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Abstract: Apigenin-7-O-glucoside is an active phenolic compound in Asteraceae flowers and
possesses remarkable therapeutic applications. However, its high price and low abundance in
plants limit its use, meanwhile it would hydrolyze in the purification process. In this study,
apigenin-7-O-glucoside extracted with ultrasound and purified with preparative HPLC from
Chrysanthemum morifolium ‘Huangju’ was investigated, as well as its hydrolysis behavior and
bioactivities. The optimized extraction conditions were: solid/liquid ratio: 1:20, extraction time:
35 min, temperature: 50 ◦C, and ultrasound power: 350 W. The content of apigenin-7-O-glucoside
was up to 16.04 mg/g. Apigenin-7-O-glucoside was then purified with preparative HPLC from the
extract, and confirmed by Q-TOF/MS. Apigenin-7-O-glucoside was partially hydrolyzed in acidic
condition, and the hydrolysis rate depended on the pH value and temperature. The antioxidant
activity increased as a result of the hydrolysis process. This study provided a green and effective way
to obtain apigenin-7-O-glucoside and would be beneficial for further investigations into nutritional
and functional aspects apigenin-7-O-glucoside and other glycosides.
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1. Introduction

Tea brewed from chrysanthemum flowers has been extensively utilized for centuries. It is
reported that Chrysanthemum morifolium could reduce hyperactivity of the liver, and improve
eyesight. These healing benefits of Chrysanthemum morifolium are closely related to the composition
and content of phenolic compounds [1–3]. Apigenin-7-O-glucoside is one of the active phenolic
compounds in chrysanthemum flowers [4,5], which is reported to possess remarkable antispasmodic,
anti-inflammatory, antioxidant, and anticarcinogenic properties [2,5–8]. However, its high price of
about US $498 per 10 mg limits the use of apigenin-7-O-glucoside.

In addition to its high price, its low abundance in plants also limits its use. Elmastas et al. [9]
analyzed changes in the content of apigenin-7-O-glucoside obtained from Rosa species over the
harvest period using HPLC-diode array detection (DAD), and the content varied from 4.13 to
24.42 mg/kg (dry basis) between different species at different harvest times. Apigenin-7-O-glucoside
was low abundant in Rosa species. Uehara et al. [10] reported the presence of luteolin-7-O-glucoside,
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luteolin-7-O-glucuronide, luteolin-7-O-xylosylglucoside, luteolin, apigenin, eriodictyol, and naringenin
in C. arcticum ssp. arcticum and yezoense and related Chrysanthemum species using an HPLC-photodiode
array. However, there was no report of the presence of apigenin-7-O-glucoside, which indicated
that it was not the main compound in the above species. From the corresponding liquid
chromatograms, the contents of apigenin-7-O-glucoside were found to be very low by the area
normalization method, which demonstrated that the analyzed materials were not suitable for
extracting apigenin-7-O-glucoside.

Several types of Asteraceae plants are described in the literature for their content in
apigenin-7-O-glucoside [11]. In a companion study [4], an investigation of phenolic compounds
in various Asteraceae plants using ultrahigh-performance liquid chromatography–ultraviolet
spectroscopy–quadrupole time-of-flight mass spectrometry (UHPLC-UV-Q-TOF/MS) was reported.
In comparison with Roman and German chamomile, the content of apigenin-7-O-glucoside was much
higher in Chinese chrysanthemum flowers, which indicates that Chinese chrysanthemum flowers are
good resources for the extraction of apigenin-7-O-glucoside. However, the active constituents of these
cultivars have not been studied or characterized with respect to the content of apigenin-7-O-glucoside,
which is a serious problem when deciding which kind of Chrysanthemum morifolium flowers to select
for extraction and purification. Sensitive, efficient, and selective methods for the purification of
apigenin-7-O-glucoside from chrysanthemums are also scarce in the scientific literature.

Meanwhile, we found that apigenin-7-O-glucoside would hydrolyze in the purification process
by preparative HPLC. The formic acid was necessary to be added for improving separation and peak
performance. There was no literature about its hydrolytic behavior and antioxidant activity. Because of
this, our work was conducted to (1) screen new cultivars of Chrysanthemum morifolium, (2) optimize
the extraction and purification conditions, and (3) investigate the hydrolytic behavior and antioxidant
activities. This study provides a green and effective approach for obtaining apigenin-7-O-glucoside
and will be helpful for research on the development of further investigations into nutritional and
functional aspects.

2. Results and Discussion

2.1. Screening the Appropriate Chrysanthemum Morifolium Cultivar

As shown in Figure 1A, the flowers were used to screen the appropriate cultivar for the purification
of apigenin-7-O-glucoside, including Chrysanthemum morifolium ‘Gongju’, C. morifolium ‘Hangbaiju’,
C. morifolium ‘Tai’, C. morifolium ‘Boju’, C. morifolium ‘Chuju’, and C. morifolium ‘Huangju’. As shown
in Figure 1B, C. morifolium ‘Huangju’ had a higher content of apigenin-7-O-glucoside than the
other cultivars. Avula et al. [4] found that the content of apigenin-7-O-glucoside in Roman and
German chamomile was lower than that in Chinese chrysanthemums using UHPLC-UV-Q-TOF/MS
(see supplementary Figure 1). Moreover, Uehara et al. [10] analyzed some Japanese cultivars,
such as Chrysanthemum arcticum ssp. arcticum and yezoense, but detected no apigenin-7-O-glucoside
in a study using HPLC and MS. The content of apigenin-7-O-glucoside varied between different
cultivars. C. morifolium ‘Huangju’ was therefore screened as the raw material to optimize the
ultrasound conditions.
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Figure  2. Optimization  of  the  extraction  conditions  assisted with  ultrasound.  Results  using:  (A) 

solid/liquid ratios (g/mL) from 1:10 to 1:30; (B) extraction times from 25 to 65 min; (C) temperatures 
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Figure 1. Screening the appropriate cultivar for the extraction and purification of
apigenin-7-O-glucoside. A. The flowers of Chrysanthemum morifolium ‘Gongju’, C. morifolium
‘Hangbaiju’, C. morifolium ‘Tai’, C. morifolium ‘Boju’, C. morifolium ‘Chuju’, and C. morifolium ‘Huangju’.
B. Content of apigenin-7-O-glucoside in different cultivars. Means indicated by different letters differed
significantly with a value of p < 0.01.

2.2. Optimization of Ultrasound Conditions

Extraction of natural products assisted by ultrasound has been widely employed in food
processing. The solid/liquid ratio, extraction time, temperature, and ultrasound power were optimized
in the extraction process. As shown in Figure 2A, the content of apigenin-7-O-glucoside in the
extract increased with the solid/liquid ratio. Owing to the structure of apigenin-7-O-glucoside,
the introduction of the glucoside moiety increases its polarity and water solubility. Water was therefore
used as an environment-friendly reagent to substitute organic solvents in the extraction process. A ratio
of 1:20 (g/mL) was selected because the content increased without significant difference (p < 0.01) at
higher ratios.
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Figure 2. Optimization of the extraction conditions assisted with ultrasound. Results using:
(A) solid/liquid ratios (g/mL) from 1:10 to 1:30; (B) extraction times from 25 to 65 min; (C) temperatures
from 25 to 80 ◦C; and (D) ultrasound power from 300 to 500 W. Means indicated by different letters
differed significantly with a value of p < 0.01.
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As shown in Figure 2B, there was no significant difference between extraction times of 35 and
45 min (p < 0.01). Even though the content of apigenin-7-O-glucoside continued to increase with
the extraction time, other factors, such as energy consumption, should also be taken into account.
As shown in Figure 2C, the content of apigenin-7-O-glucoside reached a high value at a temperature
of 50 ◦C, while the content decreased at temperatures of 65 and 80 ◦C. In contrast to microwave
extraction, the temperature would not increase rapidly in extraction assisted by ultrasound. There was
an interesting phenomenon in that the content at an ultrasound power of 350 W was higher than
those at other power values, as shown in Figure 2D. This phenomenon probably occurred because
a decrease in power increased the pulse interval. Pan et al. [12] reported that pulse ultrasound was
superior to continuous ultrasound with respect to energy consumption, reduction of the extraction
time, and antioxidant yields. The conditions were optimized as follows: a solid/liquid ratio of 1:20,
an extraction time of 35 min, a temperature of 50 ◦C and an ultrasound power of 350 W. The content
of apigenin-7-O-glucoside was up to 16.04 mg/g from C. morifolium ‘Huangju’ under the optimized
extraction conditions. The content in C. morifolium ‘Huangju’ was much higher than that reported in
Rosa species [9].

2.3. Analysis and Purification Of Apigenin-7-O-Glucoside from C. Morifolium ‘Huangju’

HPLC analysis of the aqueous extract revealed the presence of multiple compounds in C. morifolium
‘Huangju’ (Figure 3). The following components were identified by Q-TOF/MS: chlorogenic acid,
luteolin-7-O-glucoside, 3,5-dicaffeoylquinic acid, apigenin-7-O-glucoside, apigenin-7-O-glucuronide,
luteolin-7-O-6”-malonylglucoside, and apigenin (Table 1). Except apigenin, the other compounds had
high polarity. Without formic acid, a high ratio of water was needed to separate these compounds
Figure 3A. Without formic acid, the phase A (water) and phase B (acetonitrile) was optimized as follows:
0–14 min with 2-2% B, 14–15 min with 2–100% B, 15–30 min with 10–100% B, 30–31 min from 100% to
2% B, and 32–42 min with 2-2% B. Even the ratio of water was set from 2:98 (water:acetonitrile, v/v),
the chromatographic peak was still poor. The introduction of formic acid increased the retention and
separation effect Figure 3B. Therefore, the gradient elution solvents consisted of phase A (water with
0.1% formic acid) and phase B (acetonitrile) was further optimized as follows: 0–25 min with 20-20% B,
25–30 min with 20–50% B, 30–35 min with 50–100% B, 35–37 min from 100% to 20% B, and 37–42 min
with 20-20% B. From Figure 3B, apigenin-7-O-glucoside displayed a retention time of 19.575 min.
The components of chrysanthemums are complex. Other literatures have also introduced an analysis of
apigenin-7-O-glucoside. Lin et al. [13] analyzed apigenin-7-O-glucoside from C. morifolium (‘Hangbaiju’ or
‘Taiju’) using HPLC-DAD. However, in the chromatograms apigenin-7-O-glucoside could not be separated
from diosmetin-7-O-rutinoside and 3,5-dicaffeoylquinic acid.

Table 1. Compounds identified from Chrysanthemum morifolium ‘Huangju’ by UHPLC-Q-TOF-MS.

No. RT Formula [M – H]− Score MS/MS Identification

1 4.833 C16H18O9 353.08785 97.69 191.05644, 248.97382,
112.98560 Chlorogenic acid

2 11.442 C21H20O11 447.09376 87.93 285.03972 Luteolin-7-O-glucoside

3 17.242 C25H24O12 515.12035 95.93
353.08736, 179.03450,
173.04544, 135.04501,

191.05577
3,5-dicaffeoylquinic acid

4 19.575 C21H20O10 431.09920 95.44 268.03810, 269.04341 Apigenin-7-O-Glucoside

5 21.275 C21H18O11 445.07743 79.28 269.04514, 113.02422 Apigenin-7-O-glucuronide

6 22.208 C24H22O14 533.09396 94.85 489.10472, 285.04009 Luteolin-7-O-6”-malonylglucoside

7 32.767 C15H10O5 269.04627 94.96 117.03469, 151.00383,
149.02439 Apigenin
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Figure 3. Analysis and purification of apigenin-7-O-glucoside from C. morifolium ‘Huangju’.
1: chlorogenic acid, 2: luteolin-7-O-glucoside, 3: 3,5-dicaffeoylquinic acid, 4: apigenin-7-O-glucoside, 5:
apigenin-7-O-glucuronide, 6: luteolin-7-O-6”-malonylglucoside, 7: apigenin. (A) 10 µL of 10 mg/mL
chrysanthemum extract at a flow rate of 1 mL/min without formic acid. (B) 20 µL of 10 mg/mL
chrysanthemum extract at a flow rate of 1 mL/min with formic acid. (C) 400 µL of 100 mg/mL
chrysanthemum extract at a flow rate of 4.73 mL/min with formic acid with preparative HPLC. (D) 400
µL of 100 mg/mL chrysanthemum extract with HSCCC.

As for separation and purification, the most common methods were column chromatography,
preparative high-performance liquid chromatography (Pre HPLC), high-speed countercurrent
chromatography (HSCCC) [14], and thin-layer chromatography (TLC) [15]. In consideration of
separation effect, the Pre HPLC and HSCCC would be more suitable for purification. The separation
effect of HSCCC (Figure 3D) and preparative HPLC (Figure 3B) was compared. A two-phase solvent
system composed of ethyl acetate-butyl alcohol-water (4:1:5, v/v/v) was used for the polar compounds
from C. morifolium ‘Huangju’. HSCCC could separate the components in a high load volume but
was not suitable for separating complex components such as those present in C. morifolium ‘Huangju’
(Figure 3D). The development of a HSCCC method might be difficult owing to both the variability
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of the phenolic compounds present in the phenolic fraction and differences in their concentration
and polarity [4]. The purification of apigenin-7-O-glucoside was performed via preparative HPLC
according to the optimized HPLC analysis, and the flow rate was increased to 4.73 mL/min (Figure 3C).

The purified apigenin-7-O-glucoside has the formula C21H20O10 and a mass of 431.09914
[M − H]− (see supplementary Figure 2). Regarding the fragmentation pattern, this compound has
a major ion with m/z 431.09906 [M − H]− and another secondary ion with m/z 269.04463 [M − H]−.
By comparison with MS and MS/MS data in the literature [13,16–19], the purified compound was
identified as apigenin-7-O-glucoside.

2.4. Hydrolysis Behavior

As shown in Figure 4A, the hydrolysis rate of apigenin-7-O-glucoside reached a maximum at
a pH of 1.10. One interesting feature was that the hydrolysis rate largely remained unchanged after
2 h. In theory, an excess amount of formic acid was present in the hydrolysis system. Hydrolysis of
apigenin-7-O-glucoside could also be used to simulate digestion by gastric juice, i.e., at a pH of
1.60 [20], because Figure 4A demonstrates that hydrolysis of apigenin-7-O-glucoside would also occur
in the stomach.
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Figure 4. Hydrolysis behavior of apigenin-7-O-glucoside. (A) pH values from 1.10 to 6.85 at 80 ◦C;
(B) content of formic acid from 60 to 100% at 80 ◦C; (C) temperatures from 35 to 80 ◦C with 60% formic
acid; and (D) HPLC spectrograms about the contents of formic acid and temperature. Means indicated
by different letters differed significantly with a value of p < 0.01.

The effect of different contents of formic acid was further investigated, and the results showed
that apigenin-7-O-glucoside was partially hydrolyzed in acidic conditions, as shown in Figure 4B,D,
and completely hydrolyzed when the content of formic acid reached 90%. When the content of formic
acid reached 100%, no HPLC peak was detected at a retention time of 6.5 min, which indicated that the
structure was destroyed, see Figure 4D. As shown in Figure 4C, the hydrolysis rate continued to increase
with an increase in temperature, which could explain why the content of apigenin-7-O-glucoside
decreased at temperatures of 65 and 80 ◦C in the ultrasonic extraction process.

2.5. Antioxidant Activities

The antioxidant activities of apigenin-7-O-glucoside, apigenin, and glucose were assessed
by comparing their EC50 values in radical scavenging and metal chelation tests. As shown in
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Table 2, neither apigenin-7-O-glucoside, nor apigenin, nor glucose exhibited antioxidant activity
in 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging tests, or ferrous ion chelation assays.
Even the positive controls—namely, butylated hydroxytoluene (BHT), ascorbic acid, and rutin—did
not display any level of ferrous ion chelating activity.

The EC50 values of apigenin-7-O-glucoside and apigenin in 2,2′-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) radical scavenging tests were 5.49 and 0.68 mg/mL, respectively (Table 2),
which constituted a significant difference in EC50 values (p < 0.01). The ABTS radical scavenging
ability of apigenin was not significantly (p < 0.01) different from those of BHT, ascorbic acid, and rutin,
whereas the ABTS radical scavenging ability of apigenin-7-O-glucoside was significantly (p < 0.01)
lower than those of the positive controls. These EC50 values showed that the antioxidant activity
of apigenin was higher than that of apigenin-7-O-glucoside, which indicated that the antioxidant
activity increased as a result of the hydrolysis process. This raised the question of whether it was
apigenin-7-O-glucoside or its hydrolyzate that exhibited the therapeutic effects. Further investigations
should be performed to compare the effects of apigenin-7-O-glucoside and its hydrolyzate in relevant
therapeutic applications, which would be beneficial for clarifying their functional mechanisms.

Table 2. Antioxidant activities of apigenin-7-O-glucoside, apigenin, and glucose

± ABTS (EC50) DPPH (EC50) FI (EC50)

Apigenin-7-O-glucoside 5.49 ± 0.74 a / /
Apigenin 0.68 ± 0.01 b / /
Glucose / / /

BHT 0.17 ± 0.00 b 0.41 ± 0.01 a /
Ascorbic acid 0.12 ± 0.00 b 0.11 ± 0.00 b /

Rutin 0.52 ± 0.10 b 0.52 ± 0.07 a /
EDTA / / 0.32 ± 0.03

Each value is expressed as the mean ± standard deviation (n = 3). Means with different letters with in a column are
significantly different (p < 0.01). ABTS and DPPH, effective concentration at which 50% of radicals are scavenged
(mg/mL); FI, ferrous ion chelating power; effective concentration at which 50% of ferrous ions are chelated
(mg/mL). Positive controls were: BHT, ascorbic acid, rutin, and EDTA. /, no data obtained from the EC50 model
Y = 100/(1 + 10ˆ((LogEC50-X) * HillSlope)).

3. Materials and Methods

3.1. Materials

Chrysanthemum morifolium ‘Gongju’ and C. morifolium ‘Hangbaiju’ were bought from Beijing
Tongrentang Health Pharmaceutical Industry Co., Ltd. (Beijing, China). C. morifolium ‘Taiju’ was
purchased from Beijing Zhang Yiyuan Jinqiao Tea Co., Ltd. (Beijing, China). C. morifolium ‘Boju’ was
procured from Bozhou Zhongyitang Chinese Medicinal Materials Sales Co., Ltd. (Bozhou, China).
C. morifolium ‘Chuju’ was bought from Anhui Jutai Chuju Herb Science and Technology Co., Ltd.
(Anhui, China). C. morifolium ‘Huangju’ was purchased from Huangshan Dingxiangwu Ecological
Agriculture Development Co., Ltd. (Huangshan, China). Apigenin-7-O-glucoside, formic acid,
and acetonitrile were obtained from Sigma-Aldrich (St Louis, MO, USA). Ultrapure water (18.2 MΩ
cm) was further purified using a Milli-Q system (Millipore, Billerica, MA, USA). Unless otherwise
mentioned, the chemicals and reagents used in this experiment were of analytical grade.

3.2. Sample Preparation

In this study, the flowers were selected as the raw materials, including Chrysanthemum morifolium
‘Gongju’, C. morifolium ‘Hangbaiju’, C. morifolium ‘Tai’, C. morifolium ‘Boju’, C. morifolium ‘Chuju’,
and C. morifolium ‘Huangju’. These Chinese chrysanthemum flowers were ground to a powder and
screened through a 100-mesh filter. The samples were stored at −80 ◦C before analysis.
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3.3. Optimization of Ultrasound Conditions

The solid/liquid ratio (0.1 g: 1 to 3 mL), time (25 to 65 min), temperature (20 to 80 ◦C), and power
(300 to 500 W) were optimized in the ultrasound treatment. Initially, 0.1 g chrysanthemum powder was
added to a 10 mL PE tube, and then ultrapure water was added. After being vortexed, the tube was
placed in an ultrasonic cleaner (KQ-800DE, Kun Shan Ultrasonic Instruments Co., Ltd., Kunshan, China)
for rapid extraction. The solution was centrifuged with a high-speed refrigerated centrifuge (CR 21G
III, Hitachi, Chiyoda-Ku, Japan) at 10,000 rpm for 1 min. The extraction volume decreased as the
chrysanthemum powder absorbed water. Approximately, 0.1 g chrysanthemum powder absorbed
0.8 mL water in the extraction experiments. The resulting extracts were filtered through a 0.22 µm nylon
membrane before analysis and purification by preparative HPLC. Before purification, the solution was
extracted under the optimized ultrasound conditions and further dried with a rotary evaporator (R100,
Buchi, Flawil, Switzerland) coupled with a pump (MVP 10 Basic, IKA, Guangzhou, China).

3.4. Analysis and Purification of Apigenin-7-O-Glucoside by Preparative HPLC

Apigenin-7-O-glucoside was analyzed using a preparative HPLC system (Agela Technologies,
Tianjin, China) equipped with two solvent pump modules and an ultraviolet detector coupled to
a column oven. The crude extract obtained by ultrasound treatment was analyzed with a Venusil ASB
C18 column (250 × 4.6 mm i.d., 5 µm, Agela Technologies, Tianjin, China) at 327 nm. A comparison
was made to evaluate the effect of formic acid. The injection volume was 20 µL (10 mg/mL) for
analysis and 400 µL (100 mg/mL) for purification. Purification was performed by ramping the flow
rate from 1 mL/min to 4.73 mL/min linearly using another Venusil ASB C18 column (250 × 10 mm
i.d., 5 µm, Agela Technologies, Tianjin, China).

To compare the separation of HSCCC and preparative HPLC, a TBE-300C high-speed
counter-current chromatography (Tauto Biotechnique Company, Shanghai, China) was employed
in the present study. A two-phase solvent system composed of ethyl acetate-butyl alcohol-water
(4:1:5, v/v/v) was used for the polar compounds. The injection volume was 400 µL (100 mg/mL).
The separation process was according to Chen et al. [14]. The apparatus was rotated at 900 rpm, after
the hydrodynamic equilibrium was established, the sample was injected into the column. During the
separation process, the column temperature was controlled at 25 ◦C by water-circulating constant
temperature implement. The effluent of the column was monitored with a UV detector at 327 nm.

A standard curve (R2 = 0.9968) for apigenin-7-O-glucoside was calculated with reference to the
content (0.1, 0.25, 0.5, 1, 2.5, or 5 mg/mL) and the area under the respective chromatographic separation
curve. After water was added, 0.1 g chrysanthemum powder would absorb water and swell to about
0.8 mL. The content of apigenin-7-O-glucoside in the chrysanthemum samples was calculated using
the equation

Content (mg/g) = C× (Vt−Vs)/Mt (1)

where C is the concentration (mg/mL) calculated from the standard curve, Vt is the total volume (mL)
of the extraction solvent, Vs is the swelling volume (mL) of the chrysanthemum sample, and Mt is the
total mass (g) of chrysanthemum added.

3.5. Analysis with Q-TOF/MS

MS and MS/MS data were obtained with a Q-TOF liquid chromatography (LC)/MS system
(1290 Infinity II, 6545 Q-TOF LC/MS, Agilent, Santa Clara, CA, USA). The conditions were the same
as those used for HPLC, and a three-way valve was used to transfer the sample to the injector port.
The MS conditions were set as follows: gas temperature 250 ◦C, drying gas flow 7 L/min, sheath gas
temperature 350 ◦C, sheath gas flow 11 L/min, capillary voltage 3500 V, nozzle voltage 0 V, fragmentor
voltage 130 V, skimmer voltage 65 V; MS range 100–3000 m/z, acquisition rate 4 spectra/s, acquisition
time 250 ms/spectrum; MS/MS range 100–3000 m/z, acquisition rate 3 spectra/s, acquisition time
333.3 ms/spectrum; targeted MS/MS fixed collision energies 10, 20, and 40 eV. The MS data were
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qualitatively analyzed using MassHunter Workstation software (version B.07.00, Agilent Technologies,
Beijing, China) coupled with the METLIN metabolite database supported by Agilent Technologies
(Beijing, China).

3.6. Hydrolysis Behavior of Apigenin-7-O-Glucoside

Hydrolysis behavior of apigenin-7-O-glucoside was performed in different conditions (pH, time,
temperature, and content of formic acid). Briefly, 10 µL apigenin-7-O-glucoside solution (2.5 mg/mL)
was mix with 990 µL formic acid solution, and kept in a water bath (35 to 80 ◦C). The content of
apigenin-7-O-glucoside was detected every two hours (n = 3). A UPLC column (Venusil ASB C18,
2.1 × 150 mm i.d., 3 µm, Agela Technologies, China) was used to shorten the analysis time. The analysis
condition was set 0.3 mL/min with injection volume of 5 µL, and isocratic elution with water and
acetonitrile (75:25, v/v).

3.7. In-Vitro Antioxidant Activities

The changes of antioxidant activities in hydrolysis process were performed by comparing the EC50

values of apigenin-7-O-glucoside, apigenin, and glucose. The capacity of ABTS radical scavenging
activity, DPPH radical scavenging activity and metal chelating activity were detected by a multimode
microplate reader (Spectramax id5, molecular devices). A series concentration was prepared before use.
The positive controls, namely, BHT, ascorbic acid, rutin, and EDTA, were used to compare the in vitro
antioxidant activities. The in vitro antioxidant activity was calculated according to the equation

Activity (%) =
A0− A1

A0
× 100 (2)

where A0 is the absorbance of the solution without a sample and A1 is the absorbance of the solution
containing a sample.

3.7.1. ABTS Radical Scavenging Activity

The capacity of ABTS radical scavenging activity was determined according to the previous
report [21] with some modifications. 10 mL of 7 mmol/L ABTS were added to 10 mL of 4.95 mmol/L
aqueous potassium persulfate, then the mixture was kept for 12 h in dark at room temperature.
The solution was then diluted 20 times for further use. The variation in absorbance was detected at
734 nm by mixing 290 µL ABTS solution with 10 µL apigenin-7-O-glucoside, apigenin and glucose,
and incubated for 6 min without light.

3.7.2. DPPH Radical Scavenging Activity

The DPPH free radical-scavenging activity was evaluated according to previous study [21,22]
with slight modifications. 10 µL of the test sample was added to 290 µL of 0.06 mmol/L solution of
DPPH in ethanol. The mixture was mixed and incubated for 30 min in the dark at room temperature,
and then the absorbance was determined at 517 nm.

3.7.3. Metal Chelating Activity

Chelating activity was determined using an established method [22] with slight modifications.
The samples (100 µL) at various concentrations were mixed with 2 mmol/L FeCl2 (50 µL). After 5 min,
5 mmol/L ferrozine (100 µL) was added to the solutions. The mixtures were incubated at room
temperature for 10 min and the absorbance was measured at 562 nm.

3.8. Statistical Analysis

The results were presented as the mean and with a standard deviation (n = 3).
Statistical comparisons were carried out using a least significant difference test of variance (ANOVA)
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to identify where differences occurred. A statistically significant difference was defined by a value
of p < 0.01. The analyses were carried out using SAS (version 9.2, SAS Institute, Cary, NC, USA) and
GraphPad Prism (version 5.01, GraphPad Software, Inc., La Jolla, CA, USA).

4. Conclusions

Because its high price and low abundance limit the exploitation of the remarkable therapeutic
properties of apigenin-7-O-glucoside, a method was developed for purifying it from C. morifolium
flowers. In a screening study, the content of apigenin-7-O-glucoside was higher in C. morifolium
‘Huangju’ than in other cultivars. Because of the presence and properties of the glucoside moiety,
extraction with water assisted by ultrasound was used as an environmentally-friendly process.
The extraction conditions were optimized as follows: a solid/liquid ratio of 1:20, an extraction
time of 35 min, a temperature of 50 ◦C, and an ultrasound power of 350 W. The content of
apigenin-7-O-glucoside extracted from C. morifolium ‘Huangju’ flowers reached 16.04 mg/g under
the optimized extraction conditions. In comparison with other purification methods, pre-HPLC
was more suitable for purification. Hydrolysis tests showed that apigenin-7-O-glucoside was
partially hydrolyzed in acidic conditions, and the hydrolysis rate depended on the pH value and
temperature. Hydrolysis of apigenin-7-O-glucoside would also occur in the stomach. The antioxidant
activity increased as a result of the hydrolysis process, which raised the question of whether it
was apigenin-7-O-glucoside or its hydrolyzate that exhibited the therapeutic effects. This study
has provided a green and effective approach for obtaining apigenin-7-O-glucoside. Moreover,
it showed that the hydrolyzate exhibited higher antioxidant activity, which would be helpful for further
investigations into nutritional and functional aspects of apigenin-7-O-glucoside and other glycosides.

Author Contributions: Y.W. (Yuxiao Wang) and Y.N. conceived and designed the experiments;
Y.W. (Yuxiao Wang), Z.X., and Y.H. performed the experiments; Y.W. (Yuxiao Wang), X.W., Y.W. (Yue Wu), and Y.Z.
analyzed the data; Y.W. (Yuxiao Wang) wrote the paper. All authors read and approved the final manuscript.

Funding: This work was supported by National Natural Science Foundation of China (no. 31871807), Special Fund
for Agro-scientific Research in the Public Interest (no. 201503142) and National Students’ innovation and
entrepreneurship training program (no. 201810019094).

Acknowledgments: The authors appreciate the help of Jianzhong Li (Engineer of Agilent). The authors also thank
Editor Damian Cross (Innobuddy co., LTD) check the language.

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

References

1. Liu, F.; Ong, E.S.; Li, S.F. A green and effective approach for characterisation and quality control of
chrysanthemum by pressurized hot water extraction in combination with HPLC with UV absorbance
detection. Food Chem. 2013, 141, 1807–1813. [CrossRef] [PubMed]

2. Guzelmeric, E.; Vovk, I.; Yesilada, E. Development and validation of an HPTLC method for apigenin
7-O-glucoside in chamomile flowers and its application for fingerprint discrimination of chamomile-like
materials. J. Pharm. Biomed. Anal. 2015, 107, 108–118. [CrossRef] [PubMed]

3. Beninger, C.W.; Hall, J.C. Allelopathic activity of luteolin 7-O-β-glucuronide isolated from
Chrysanthemum morifolium L. Biochem. Syst. Ecol. 2005, 33, 103–111. [CrossRef]

4. Avula, B.; Wang, Y.H.; Wang, M.; Avonto, C.; Zhao, J.; Smillie, T.J.; Rua, D.; Khan, I.A.
Quantitative determination of phenolic compounds by UHPLC-UV-MS and use of partial least-square
discriminant analysis to differentiate chemo-types of Chamomile/Chrysanthemum flower heads. J. Pharm.
Biomed. 2014, 88, 278–288. [CrossRef] [PubMed]

5. Bolzon, L.B.; Dos Santos, J.S.; Silva, D.B.; Crevelin, E.J.; Moraes, L.A.; Lopes, N.P.; Assis, M.D.
Apigenin-7-O-glucoside oxidation catalyzed by P450-bioinspired systems. J. Inorg. Biochem. 2017, 170,
117–124. [CrossRef] [PubMed]

6. Han, Y.; Zhou, M.; Wang, L.; Ying, X.; Peng, J.; Jiang, M.; Bai, G.; Luo, G. Comparative evaluation of different
cultivars of Flos Chrysanthemi by an anti-inflammatory-based NF-kappaB reporter gene assay coupled to
UPLC-Q/TOF MS with PCA and ANN. J. Ethnopharmacol. 2015, 174, 387–395. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.foodchem.2013.04.083
http://www.ncbi.nlm.nih.gov/pubmed/23870894
http://dx.doi.org/10.1016/j.jpba.2014.12.021
http://www.ncbi.nlm.nih.gov/pubmed/25575175
http://dx.doi.org/10.1016/j.bse.2004.06.016
http://dx.doi.org/10.1016/j.jpba.2013.08.037
http://www.ncbi.nlm.nih.gov/pubmed/24095803
http://dx.doi.org/10.1016/j.jinorgbio.2017.02.016
http://www.ncbi.nlm.nih.gov/pubmed/28236787
http://dx.doi.org/10.1016/j.jep.2015.08.044
http://www.ncbi.nlm.nih.gov/pubmed/26320691


Molecules 2018, 23, 2933 11 of 11

7. Nasr Bouzaiene, N.; Chaabane, F.; Sassi, A.; Chekir-Ghedira, L.; Ghedira, K. Effect of apigenin-7-glucoside,
genkwanin and naringenin on tyrosinase activity and melanin synthesis in B16F10 melanoma cells. Life Sci.
2016, 144, 80–85. [CrossRef] [PubMed]

8. Samet, I.; Villareal, M.O.; Motojima, H.; Han, J.; Sayadi, S.; Isoda, H. Olive leaf components apigenin
7-glucoside and luteolin 7-glucoside direct human hematopoietic stem cell differentiation towards erythroid
lineage. Differentiation 2015, 89, 146–155. [CrossRef] [PubMed]

9. Elmastas, M.; Demir, A.; Genc, N.; Dolek, U.; Gunes, M. Changes in flavonoid and phenolic acid contents in
some Rosa species during ripening. Food Chem. 2017, 235, 154–159. [CrossRef] [PubMed]

10. Uehara, A.; Nakata, M.; Uchida, A.; Iwashina, T. Chemotaxonomic consideration of flavonoids from the
leaves of Chrysanthemum arcticum subsp. arcticum and yezoense, and related species. Biochem. Syst. Ecol.
2017, 73, 11–15. [CrossRef]

11. Wang, M.; Avula, B.; Wang, Y.H.; Zhao, J.; Avonto, C.; Parcher, J.F.; Raman, V.; Zweigenbaum, J.A.; Wylie, P.L.;
Khan, I.A. An integrated approach utilising chemometrics and GC/MS for classification of chamomile
flowers, essential oils and commercial products. Food Chem. 2014, 152, 391–398. [CrossRef] [PubMed]

12. Pan, Z.; Qu, W.; Ma, H.; Atungulu, G.G.; McHugh, T.H. Continuous and pulsed ultrasound-assisted
extractions of antioxidants from pomegranate peel. Ultrason. Sonochem. 2012, 19, 365–372. [CrossRef]
[PubMed]

13. Lin, L.-Z.; Harnly, J.M. Identification of the phenolic components of chrysanthemum flower
(Chrysanthemum morifolium Ramat). Food Chem. 2010, 120, 319–326. [CrossRef]

14. Chen, Q.; Hu, X.; Li, J.; Liu, P.; Yang, Y.; Ni, Y. Preparative isolation and purification of cuminaldehyde
and p-menta-1,4-dien-7-al from the essential oil of Cuminum cyminum L. by high-speed counter-current
chromatography. Anal. Chim. Acta 2011, 689, 149–154. [CrossRef] [PubMed]

15. Guzelmeric, E.; Ristivojevic, P.; Vovk, I.; Milojkovic-Opsenica, D.; Yesilada, E. Quality assessment of marketed
chamomile tea products by a validated HPTLC method combined with multivariate analysis. J. Pharm
Biomed. Anal. 2017, 132, 35–45. [CrossRef] [PubMed]

16. Pereira, O.R.; Silva, A.M.S.; Domingues, M.R.M.; Cardoso, S.M. Identification of phenolic constituents of
Cytisus multiflorus. Food Chem. 2012, 131, 652–659. [CrossRef]

17. Wang, X.; Zhang, A.; Zhou, X.; Liu, Q.; Nan, Y.; Guan, Y.; Kong, L.; Han, Y.; Sun, H.; Yan, G. An integrated
chinmedomics strategy for discovery of effective constituents from traditional herbal medicine. Sci. Rep.
2016, 6, 18997. [CrossRef] [PubMed]

18. Dai, B.; Hu, Z.; Li, H.; Yan, C.; Zhang, L. Simultaneous determination of six flavonoids from Paulownia
tomentosa flower extract in rat plasma by LC-MS/MS and its application to a pharmacokinetic study.
J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2015, 978–979, 54–61. [CrossRef] [PubMed]

19. Bergantin, C.; Maietti, A.; Cavazzini, A.; Pasti, L.; Tedeschi, P.; Brandolini, V.; Marchetti, N.
Bioaccessibility and HPLC-MS/MS chemical characterization of phenolic antioxidants in Red Chicory
(Cichorium intybus). J. Funct. Foods 2017, 33, 94–102. [CrossRef]

20. Chen, L.; Wu, X.; Chen, X.D. Comparison between the digestive behaviors of a new in vitro rat soft stomach
model with that of the in vivo experimentation on living rats—Motility and morphological influences.
J. Food Eng. 2013, 117, 183–192. [CrossRef]

21. Li, Y.; Bao, T.; Chen, W. Comparison of the protective effect of black and white mulberry against ethyl
carbamate-induced cytotoxicity and oxidative damage. Food Chem. 2018, 243, 65–73. [CrossRef] [PubMed]

22. Zhang, L.; Hu, Y.; Duan, X.; Tang, T.; Shen, Y.; Hu, B.; Liu, A.; Chen, H.; Li, C.; Liu, Y. Characterization and
antioxidant activities of polysaccharides from thirteen boletus mushrooms. Int. J. Biol. Macromol. 2018, 113,
1–7. [CrossRef] [PubMed]

Sample Availability: Samples of the compounds apigenin-7-O-glucoside and apigenin are available from
the authors.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.lfs.2015.11.030
http://www.ncbi.nlm.nih.gov/pubmed/26656314
http://dx.doi.org/10.1016/j.diff.2015.07.001
http://www.ncbi.nlm.nih.gov/pubmed/26299581
http://dx.doi.org/10.1016/j.foodchem.2017.05.004
http://www.ncbi.nlm.nih.gov/pubmed/28554620
http://dx.doi.org/10.1016/j.bse.2017.05.001
http://dx.doi.org/10.1016/j.foodchem.2013.11.118
http://www.ncbi.nlm.nih.gov/pubmed/24444953
http://dx.doi.org/10.1016/j.ultsonch.2011.05.015
http://www.ncbi.nlm.nih.gov/pubmed/21784689
http://dx.doi.org/10.1016/j.foodchem.2009.09.083
http://dx.doi.org/10.1016/j.aca.2011.01.038
http://www.ncbi.nlm.nih.gov/pubmed/21338771
http://dx.doi.org/10.1016/j.jpba.2016.09.030
http://www.ncbi.nlm.nih.gov/pubmed/27693951
http://dx.doi.org/10.1016/j.foodchem.2011.09.045
http://dx.doi.org/10.1038/srep18997
http://www.ncbi.nlm.nih.gov/pubmed/26750403
http://dx.doi.org/10.1016/j.jchromb.2014.11.021
http://www.ncbi.nlm.nih.gov/pubmed/25531870
http://dx.doi.org/10.1016/j.jff.2017.02.037
http://dx.doi.org/10.1016/j.jfoodeng.2013.02.003
http://dx.doi.org/10.1016/j.foodchem.2017.09.106
http://www.ncbi.nlm.nih.gov/pubmed/29146371
http://dx.doi.org/10.1016/j.ijbiomac.2018.02.084
http://www.ncbi.nlm.nih.gov/pubmed/29458100
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Screening the Appropriate Chrysanthemum Morifolium Cultivar 
	Optimization of Ultrasound Conditions 
	Analysis and Purification Of Apigenin-7-O-Glucoside from C. Morifolium ‘Huangju’ 
	Hydrolysis Behavior 
	Antioxidant Activities 

	Materials and Methods 
	Materials 
	Sample Preparation 
	Optimization of Ultrasound Conditions 
	Analysis and Purification of Apigenin-7-O-Glucoside by Preparative HPLC 
	Analysis with Q-TOF/MS 
	Hydrolysis Behavior of Apigenin-7-O-Glucoside 
	In-Vitro Antioxidant Activities 
	ABTS Radical Scavenging Activity 
	DPPH Radical Scavenging Activity 
	Metal Chelating Activity 

	Statistical Analysis 

	Conclusions 
	References

