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A new glycoside, named as CG-1, was separated from Imperial Chrysanthemum with silica gel column
chromatography. The purity was detected by TLC and HPLC. The crystal shape of CG-1 was consisting
of a quadrangular and two rectangular pyramids. The analysis of DSC and TGA showed that the melting
point of CG-1 crystal was 150.22 �C and had good thermal stability. The monosaccharide conformation
analysis showed that it was D-glucose. The structure characteristics were compared by FT-IR, NMR spec-
troscopy and LC-MS and a molecular structure has been deduced which consistent with spectroscopic
results. In vitro antioxidant results suggested that the glycoside extracted from Imperial
Chrysanthemum could be effectively employed as natural antioxidant in health or functional food. This
work is of significance to keep the antioxidant activity in the processing and application of Imperial
Chrysanthemum.

� 2018 Elsevier Ltd. All rights reserved.
Introduction

Under normal circumstances, free radical production and scav-
enging is a dynamic equilibrium in vivo. Low concentration of free
radicals not only does not damage the body, but also shows unique
physiological functions.1 Excessive production of free radicals can
react with lipids, proteins and DNA, leading to several diseases,
such as can induce many human diseases such as cardiovascular
disease,2 cancer,3,4 respiratory inflammation,5 and DNA damage.6

Antioxidants can alleviate the oxidative stress, so the research
and development of antioxidants was closely related to healthy liv-
ing. However, some currently used synthetic free radical scavengers
have been demonstrated various side effects.7 Natural products
derived from plants are generally considered to be less toxic and
have fewer side effects than synthetic medicines.8,9 Therefore, nat-
ural antioxidants weremore acceptable inmodern healthy lifestyle.
Natural glycosides, such as flavonoid glycosides, iridoid glycosides,
phenolic glycosides, quercetin glycosides and so on, showed good
antioxidant activity.10–13 Imperial Chrysanthemum is a traditional
Chinese medicinal herb of the family Compositae with dried antho-
dium of Ramat. It contains several of natural active ingredients and
has been used extensively in foods, tea and tea drinks. Imperial
Chrysanthemum, as natural antioxidant food, shows the advantages
which don’t exist in other synthetic antioxidants.14,15 Chrysanthe-
mum glucoside, as a large class in numerous bioactive compounds
in chrysanthemum, has a great effect on antioxidation.16,17 In order
to maintain and improve the antioxidant capacity, the processing
technic and culture techniques of chrysanthemumwere constantly
perfected.18–20 The extraction, isolation and purification of glyco-
sides, having antioxidant effects in Imperial Chrysanthemum, are
important to develop the resources and its effective components.
The analysis of structure and determination of functional compo-
nents of the Imperial Chrysanthemum glucoside by modern instru-
ment analysis have great significance for the application and
development of antioxidant capacity of Imperial Chrysanthemum.
This article mainly studied and discussed the separation and purifi-
cation of the main small molecular glycosides extracted from Impe-
rial Chrysanthemum. And the molecular structures of the products
were determined by IR, NMR, MS and HPLC. This article also con-
ducts the preliminary research and the exploration about the
antioxidant activity of the extracts.

Materials and methods

Imperial Chrysanthemum is produced in xuzhou, jiangsu pro-
vince of China.

Chemistry

All chemicals (reagent grade) used were purchased from Sigma-
Aldrich (U.S.A) and Aladdin-Reagent Co., Ltd (China). TLC (Thin
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layer chromatography) was run on the silica gel coated aluminum
sheets (Silica Gel 60 GF, E, Merck, Germany). 1H NMR and 13C-NMR
were recorded on a Bruker AVANCE instrument (400 MHz). ESI
(Electrospray Ionization) mass spectra were obtained on an LCQ-
Advantayc-MAX (LAM10188, Finnigan, Co., Ltd, USA).

Method

Separation by silica gel column chromatography
The pulverized Imperial Chrysanthemum, which proper granu-

larity was in 200–300 mesh, was used as raw material. Objective
to get the extract from Imperial Chrysanthemum with the condi-
tions are as follows: taking 80% ethanol as a solvent, extraction
time 180 min and the ratio of material to solution is 1:20. Repeat
three times, merge all the extract and concentrate through the
methods of reduced pressure concentration.

For TLC analysis, 10 � 20 cm TLC plate (GF) was cut into prop-
erly size. 2 lL of the samples were spotted in 1 cm above the bot-
tom of the plate with a microliter syringe. After sample dried,
vertically placed the TLC plate in a normal chromatographic cham-
ber that was pre-saturated in the developing solvent, before the
final solvent climbed to the position, which is 1 cm distant from
the top of thin plate. Remove the thin plate into Chromogenic
agent and take it out quickly for air-dry. The plate appeared color
when heated with electromagnetic oven.21–23 According to the
separating effect and the value of Rf, making changes in developing
agents and choosing a correct developing agent as the mobile
phase of the silica gel column chromatography (SGCCT). Then
adopt silica gel column chromatography and recrystallization for
separation and purification of extract.

A glass column (40 cm � 3.0 cm) was packed with prepared dry
packing silica gel (45 g, 200–300 mesh), which was activated for 2
h at 110 �C.24–26 The column was equilibrated with 3–4 times col-
umn volume mobile phase (dichloromethane:methyl alcohol:H2O
= 8:2.5:0.5, V/V). The crude extract was dissolved in mobile phase
and applied to the silica gel column (40 cm � 3.0 cm). The eluent
was collected by fraction size of 5 mL and tentative identification
was carried out using TLC. Gradually increasing the proportion of
strongly polar in mobile phase and the finally elution at a constant
flow rate of 1 mL/min. The eluent was collected by fraction size of
6 mL and the tentative identification was carried out using TLC.
Collected the fractions of the same composition and concentrated
through vacuum concentration. Get dry sample by vacuum pump
equipment and measured the purity of sample by HPLC.

Crystallization process
The experiments of primary crystallization process were per-

formed in a 250 mL crystallizer whose temperature was controlled
by a water bath. According to the boiling point of solvent, 100 mL
extract solution at 40 �C was prepared in the crystallizer and kept
spin with rate of 60 rpm for evaporative crystallization. After filtra-
tion, the crystals obtained were dried in a vacuum oven at the tem-
perature of 40 �C for 8 h. The recrystallization of primary
crystallization was carried out in methanol with low temperature
reactor whose system was cooled down to 10 �C at a constant rate
of 1.0 �C/min. Followed by filtration and drying.27,28

DSC and TGA analysis
The thermal properties of sample were analyzed by performing

differential scanning calorimeter (DSC). Assay preparation: 3–5 g
solid sample was weigh and pressed into piece in a little aluminum
dish, an empty aluminum dish was used as the comparison. Deter-
mination conditions: testing temperature covers the range of 20–
200 �C, heating rate: 10 �C/min, nitrogen as the carrier gas and flow
rate 20 mL/ min.
The relationship between quality and temperature variation of
the sample was measured by thermo gravimetric analyzer
(TGAQ500, TA, USA). Determination conditions: Sample 3–5 mg,
nitrogen environment (static), the testing temperature covers the
range of 20–800 �C, heating rate: 10 �C/min.

Monosaccharide composition analysis
The monosaccharide compositions of the sample were deter-

mined by gas chromatography (Varian 4000 GC–MS).29 5.0 mg
sample was hydrolyzed with 1 mL of 2 M trifluoroacetic acid
(TFA) in a sealed scale test tube with N2 protecting and heating
at 110 �C for 3 h in an oil bath. Residual acid was removed by
repeatedly co evaporation with anhydrous methanol. Hydrolyzed
sample (2 mg) was mixed with hydroxylamine hydrochloride
(10 mg) and internal standard inositol (2 mg). Then pyridine (0.5
mL) was added in and reacted at 90 �C for 30 min. After cooling
down, acetylation reaction was conducted with the addition of
acetic anhydride (0.5 mL) at 90 �C for 30 min. The final product
was dried by rotary evaporation and dissolved in 1 mL methylene
chloride. Ultimately, the solution was analyzed by GC–MS. d-glu-
cose, d-galactose, l-rhamnose, d-xylose, d-mannose, and l-arabi-
nose were also derivated as standards.

Specific rotatory power identification
The sample (10 mg) was dissolved in methyl alcohol (1 mg/mL).

Zero the polarimeter with methyl alcohol. Optical rotation was
analyzed with a WZZ-2B at 25 �C and calculated as follows:

½a�kt ¼ a
L�C; a is the optical rotation; t is the temperature; k is the

wavelength of light source (589 nm); L is the length of polariscope
tube; C is the CG-1 concentration (g/mL).

FT-IR, NMR and MS analysis
Mixtures of sample (1 mg) and dry KBr (150 mg) were pressed

into a 1 mm thick disk for FT-IR spectrometer measurement from
4000 to 400 cm�1 (VECTOR-22). The sample was dissolved in 0.6
mL of CD4O and kept completely dissolved. The 1H NMR, 13C
NMR and HMQC spectra were recorded on a Bruker spectrometer
at a probe temperature of 298 K and operated at 400 MHz.

Mass spectrometry conditions: Sample concentration was 10–
50 ppm, mobile phase was chromatographic grade acetonitrile
and methanol (1:1, V/V), the purified sample solution was directly
collected by mass spectrometer section (IF-TOF) equipped with ESI
sources.

Antioxidant activity tests in vitro
ABTS radical scavenging assay. ABTS radical reaction (ABTS+) solu-
tion preparation: according to 1:1 mix ABTS (7 mM) and anthion
solution (2.45 mM) and keep 12–16 h at room temperature in dark.
Dilute with pH 7.4 phosphate buffer (0.1 mM) until the absorption
value to 0.7 ± 0.02 at 734 nm. The diluted solution (2 mL) was
mixed with 0.2 mL sample solution, and the mixture solution
was incubated for 6 min at room temperature. The absorbance
was measured at 734 nm. The scavenging activity on ABTS radical
was calculated by the following formula:

SR1ð%Þ ¼ 1� Ai� Aj
Ao

� �
� 100% ð1-1Þ

Ai: the absorbance of the ABTS radical solution with tested samples;
Aj: the absorbance of ethanol solution with tested samples; Ao: the
absorbance of the ABTS radical solution without sample.

DPPH radical scavenging assay

Free radical scavenging activity was determined using the con-
ventional DPPH� method. Various test samples (2 mL) were added



Fig. 1a. Thin-layer chromatography and imaging analysis.

Fig. 1b. The TLC test of collecting liquid from column chromatography.
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to the solution of DPPH� (2mL, 0.2 mM). After a 30 min incubation
period at 25 �C, the absorbance was determined against a blank at
517 nm. The free radical inhibition by DPPH� in percent (SR1%) was
calculated as follows:

SR2ð%Þ ¼ 1� Ai� Aj
Ao

� �
� 100% ð1-2Þ

Ai: the absorbance of 2 mL test samples solution and 2 mL DPPH�
solutions; Aj: the absorbance of 2 mL test samples solution and 2
mL absolute ethanol solution; Ao: the absorbance of 2 mL DPPH
solution and 2 mL anhydrous ethanol solution.

Superoxide radical scavenging activity assay
Pyrogallol autoxidation was used in this experiment; the speci-

fic steps were mentioned as follows: Place 50 mM, Tris-HCl buffer
(pH 8.2) of 340 lL in the 1.5 mL centrifuge tube before it was
bathed at 25 �C for 20 min. Then adding test samples 100 lL and
50 lL Benzene three phenol solutions (25 mM). The reaction con-
tinued 4 min at 25 �C, then terminating the reaction with 10 lL
hydrochloric acid solution (8 mM). Result was carried out by mea-
suring the absorbance value of at 300 lL reaction mixture, which
was placed in a 96-well microtiter plates. The formula shown in
Formula:

SR3ð%Þ ¼ 1� Ai� Aj
Ao

� �
� 100% ð1-3Þ

Ai: absorbance of pyrogallol solution containing samples; Aj: absor-
bance of solution containing samples without pyrogallol; Ao: absor-
bance of pyrogallol solution containing distilled water as much as
sample.

Hydroxyl radical scavenging assay

The specific steps of the experiment of capacity to scavenge �OH
were mentioned as follows: Place 200 lL ferrous sulphate Solution
(6 mM), 200 lL hydrogen dioxide solution (6 mM) and 100 lL test
samples, then shaking up and placing at room temperature 20 min.
Adding 200 lL salicylic acid solution (6 mM) and shaking up. The
reaction continued 60 min at 37 �C, then placed stably for 10
min. Result was carried out by measuring the absorbance value
of at 300 lL reaction mixture at 510 nm, which were placed in a
96-well microtiter plates. The formula shown in Formula:

SR4ð%Þ ¼ 1� Ai� Aj
Ao

� �
� 100% ð1-4Þ

Ai: absorbance of reaction solution containing samples; Aj: absor-
bance of samples solution; Ao: absorbance of reaction solution con-
taining distilled water as much as sample.
Results and discussion

Separation by silica gel column chromatography

Experiments indicate that Imperial Chrysanthemum glucoside
(CG) could be separated through the developing solvent (dichloro-
methane:methyl alcohol:H2O = 8:2.5:0.5, V/V) effectively, and the
Rf of CG-1, CG-2 and CG-3 were 0.132, 0.28 and 0.338. The percent-
ages of relative content were 64.52%, 17.85% and 17.63% (Fig. 1A).
CG-1 and the mixture of CG-2 and CG-3 were separated with the
mobile phase which made up of dichloromethane, methyl alcohol
and H2O with the volume ratio of 8: 2.5: 0.5 (Fig. 1B). The yield
of CG-1 was 3.7 mg/g. The yield of CG-2 & CG-3 was 1.8 mg/g. A
unified and purified CG-1 was obtained as it could be observed
in the HPLC (Fig. 1C). The weak peak appeared at 3.74 min and
its neighboring negative peak was caused by the acetonitrile in
mobile phase (acetonitrile: H2O = 3: 1). The strong peak at 4.40
min was the response of CG-1.

Crystallization, DSC and TGA analysis

Fig. 2 showed that the crystal shape of CG-1 under a micro-
scope. According to the observations from different angles, con-
cluded that the crystal shape is combination, which consist of a
quadrangular and two rectangular pyramids.

Melting point is one of the physical data which was used to be
measured by DSC.30,31 This method was recommended by Interna-
tional Congress on Thermal Analysis and Calorimetry (ICTAC). The
error between the accuracy of determination and thermodynamic
equilibrium temperature can reach ± 1 �C. As is shown in Fig. 3,
point B was the starting temperature, point Dwas the peak temper-
ature, and point E was the final temperature. Point B was the inter-
section of the extended line of baseline and the tangent which have
maximum slope at the leading edge of the peak. And the tempera-
ture of point B was named extrapolated onset temperature, which
was the same as thermodynamic equilibrium temperature (melt-
ing temperature). The melting point of CG-1 crystal was 150.22 �C.

As it could be observed from TGA curves of CG-1 (Fig. 4), when
the temperature reached 149.83 �C, the mass of CG-1 started to -
fall. There was no associated water existence in CG-1. It was at this
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Fig. 1c. HPLC profile of CG-1.

Fig. 2. The crystal of CG-1.
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temperature that CG-1 has been finished transition from a solid to
a liquid. Along with the rise of temperature, the rate of weight loss
of CG-1 increased gradually. Until the temperature rose to 193.80
�C the weight of CG-1 began to decline significantly. It may be
caused by evaporation of liquid CG-1. When the temperature
reached 273.03 �C, the lower rate of sample was changed caused
by pyrogenic decomposition and other chemical reaction. How-
ever, as the temperature reached 400 �C, the decrease of qualities
become slower. Up to 800 �C, there was an 88.79% weight loss of
CG-1.

Monosaccharides analysis

As it was shown in Fig. 5, standard monosaccharides were sep-
arated rapidly within 30 min. The peaks of standard monosaccha-
rides were identified in the order of l-Rhamnose, d-Arabinose, d-
Xylose, d-Mannose, d-Glucose, and d-Galactose. The samples were
identified by matching their retention times with those of standard
monosaccharides under the same analytical conditions. The results
showed that CG-1 contains only d-Glucose.

FT-IR, NMR and MS, analysis

Infrared spectrum of CG-1 revealed the major functional groups
and the chemical bonds (Fig. 6). The wide and strong band around
3389.28 cm�1 exhibited the presence of hydroxyl stretching vibra-
tion.32 The bands at 1103.89 cm�1, 1105.64 cm�1 and 1128.19 cm
�1 belong to primary alcohol, secondary alcohol and tertiary alco-
hol respectively. The three characteristic absorption peaks around
1050 cm�1 was attributed to pyranring, which indicated the exis-
tence of pyranose in CG-1. The band in the region of 2941.60
cm�1 was due to CAH stretching vibration. And the weak bands
near 1400 cm�1 belonged to CAH bending. The bands around to
the region of 2514.25 cm�1 were due to mercaptan (ASH). There
were no characteristic absorption peaks at the region of 1800
cm-1 to 1700 cm�1 means no aldehyde and carboxyl. So the band
at 1632.63 cm�1 assigned to OH bending vibrations or H2O or five-
member ring. The absorption bands at 1070.22 cm�1, correspond-
ing characteristic of ethers, indicated the possible presence of ether
linkage in CG-1. Absorptions at 845.18 cm�1 were typical for
alpha-dominating configuration in pyranose.33

The 400-MHz 1H, 13C NMR and HMQC spectra of each fraction
are shown in Fig. 7. The 1H signal at 4.7906 ppm is due to H2O.
The chemical shifts from 3.5 to 4.5 ppm were assigned to the pro-
tons of carbons C-20 to C-60 of the glycosidic ring. The peak at
5.2823 ppm was attributed to the signal of anomeric proton which
was the typical signals of glucoside. The result was in agreement
with the analysis of monosaccharide composition. 1H signals
appeared in the anomeric region of 5.12–5.44 ppm, which indi-
cated that the sample existed in the alpha-type configuration.34



Fig. 3. DSC curves of CG-1.

Fig. 4. TGA curves of CG-1.
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The stereochemistry of the newly introduced linkage was deter-
mined to be alpha on the basis of the Glu H-1, H-2 coupling con-
stant (J = 3.8 Hz). This result is consistent with the result of FT-IR.
The optical rotation of CG-1 was -39� at 25 �C. 1H NMR (400
MHz, CD4O, d ppm): 5.29 (d, J = 3.8 Hz, 1H, H-10), 3.73 (m, 1H, H-
20), 3.92 (t, J = 8.12 Hz, 1H, H-30), 3.65 (s, 1H, H-40), 3.26 (dd,



Fig. 5. The GC chromatograms of derivatives of 6 standard monosaccharides and CG-1.Peaks: (1) L-Rhamnose, (2) D-Arabinose, (3) D-Xylose, (4) D-Mannose, (5) D-Glucose, (6)
D-Galactose, (7) interior label.

Fig. 6. FT-IR spectra of CG-1.
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J1=9.5 Hz, J2=3.64 Hz,1H, H-50), 3.62,3.69 (m,2H, H-60), 3.59 (t, J =
4.62 Hz, 2H, H-1), 3.67 (d, J = 4.6 Hz, 1H, H-2), 3.52 (q, 2H, H-4),
4.00 (d, J = 8.2 Hz, 1H, H-5), 3.33 (dd, J1 = 3.76 Hz, J2=9.8 Hz,2H,
H-6). MS (ESI) m/z: 365.0872, [M+Na]+.

As shown in Fig. 8, the signal at 92.22 ppm was assigned to the
anomeric carbons (C-10) and indicated that the sample existed in
the alpha-type.33,34 The result was in agreement with the analysis
of FT-IR and 1H NMR. Other carbons atoms were bound to oxygen
atoms according to the peak positions of 13C NMR spectroscopy.
Making an extrapolation according to the carbon spectrum, there
was no carbon–carbon or carbon oxygen double bond, which con-
sistent with the analysis of FT-IR. And the cause of the degrees of
unsaturation was the existence of ring structure in molecular. 13C
NMR (400 MHz, CD4O, d ppm): 92.22 (C-10), 73.00 (C-20), 74.29
(C-30), 61.95 (C-40), 69.92 (C-50), 60.79 (C-60), 73.25 (C-1), 82.41
(C-2), 103.92 (C-3), 62.62 (C-4), 77.91 (C-5), 71.82 (C-6).
As is shown in Fig. 9, there is no hydrogen linked with the car-
bon, whose peak appeared at 103.92 in carbon spectrum, so the
signal at 103.92 ppm was not the anomeric carbons.

ABTS assay is often used in evaluating total antioxidant power
of compounds.35 The ABTS radical scavenging activities were
shown in Fig. 11(a). The figure illustrated that the scavenging abil-
ity correlated well with increasing concentrations. CG-1 showed
pronounced high radical scavenging activity, and the scavenging
ability of the mixture of CG-2 & CG-3 was significantly lower than
CG-1 and VC. Which were 33.11%, 83.33% and 96.78% respectively
at the concentration of 2.5 mg/mL. Fig. 11(b) shows that the activ-
ity of CG-1 on inhibition of the DPPH radical was related to the
concentration of the samples. In the scavenging ability of these dif-
ferent fractions tested, CG-1 was far greater than CG-2 & CG-3,
which were 83.92% and 19.25% respectively at the concentration
of 2.5 mg/mL. But, there is still a gap compared with VC.



Fig. 7. The 1H NMR spectrum of CG-1.

Fig. 8. The 13C NMR spectrum of CG-1.
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Superoxide radical is a highly toxic species that is generated by
metabolic process and physical irradiation, and it is considered as
the primary ROS.36,37 The superoxide radical scavenging activities
of the three fractions are shown in Fig. 11(c). The scavenging activ-
ity of CG-1 correlated with increasing concentration. At concentra-
tion of 2.5 mg/mL, the scavenging rate of CG-1 and CG-2 & CG-3
were 73.92% and 19.25%, respectively. The superoxide radicals
scavenging activity of VC was higher.



Fig. 9. The HMQC spectrum of CG-1.

Fig. 10. Determination of Molecular Weight by HPLC-MS of CG-1.
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Fig. 12. The molecular structure of CG-1.

Fig. 11. Antioxidant activities of VC, CG-1 and CG-2 & CG-3: (a) ABTS radical scavenging activity, (b) DPPH radical scavenging activity, (c) superoxide radicals scavenging
activity, (d) hydroxyl radical scavenging activity. VC was used as the positive control. Data are presented as means ± SD, n = 3.
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In this experiment, hydroxyl radical is generated from well-
known Fenton reaction (Fe2+ + H2O2 ? Fe3+ + �OH + OH), salicylic
acid captures hydroxyl radical to form 2,3-dihydroxyl benzoic
acid, and it had maximum absorbance at 510 nm. Fig. 11(d)
described that, at 2.5 mg/mL, the hydroxyl scavenging abilities
of VC, CG-1 and CG-2 & CG-3 were 94.89%, 76.15% and
22.14%, respectively. CG-1 showed obvious hydroxyl radical
scavenging activity in a dose-dependent pattern. The hydroxyl
radical scavenging ability was attributed to various mechanisms,
such as suppression against hydroxyl radical generation, decom-
position of peroxides and prevention of continued hydrogen
abstraction. The possibility of scavenging hydroxyl radical by
CG-1 was that it could supply of hydrogen and combine with
radical to terminate the radical chain reaction, which consistent
with the results of structural analysis.38

There is a slight gap in scavenging activity of ABTS radical and
hydroxyl radical between CG-1 and VC. The scavenging activity
of DPPH radical and superoxide radicals was certain disparity.
But the scavenging activity of CG-1 was steadily improving with
the increase of concentration. In balance, CG-1 has the ability to
resist oxidation.
Conclusions

In conclusion, a kind of glucoside, designated as CG-1, was iso-
lated from the Imperial Chrysanthemum. Melting point was 150.22
�C and displayed good thermal stability. In CG-1, glucoside was
determined by GC–MS. And the FT-IR and NMR indicated that
the glucoside was alpha-glucoside. 13C NMR showed that CG-1
contained 12 carbon atoms and no double bond. According to
above-mentioned analytical result and LC-MS analysis judged that
molecular weight was 342.098 and the molecular formula was
C12H22O9S (Fig. 10). Unsaturation, caused by cyclization rather
than double bonds, was two. According to spectroscopic data infer
to the molecular structure of CG-1, as shown in Fig. 12. The struc-
ture completely coincided with the data obtained by FT-IR, NMR
and mass spectrometry. Compared to VC, the structure of CG-1
had similar parts. They are polyhydroxy compound and have sim-
ilar five element ring, which contain oxygen. It may be the cause
why CG-1 showed good antioxidant capacity.
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