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Summary. Ionic liquid-based ultrasonic-assisted extraction (ILUAE) was successfully 
applied to the extraction of the four chromones (prim-O-glucosylcimifugin, cimifugin, 
5-O-methylvisammioside, and sec-O-glucosylhamaudol) from Saposhnikovia divaricata 
(Radix Saposhnikoviae) for the first time. A series of l-alkyl-3-methylimidazolium ILs 
differing in anion and cation compositions was evaluated for extraction efficiency, and 
[C3MIM]Br was selected as the optimal solvent. In addition, ultrasound extraction pa-
rameters were optimized, and the chromones were directly quantified and analyzed by 
rapid resolution liquid chromatography–electrospray ionization/mass spectrometry 
(RRLC–ESI/MS). The optimal conditions were as follows: 0.4 M concentration of 
[C3MIM]Br, 20:1 solvent to solid ratio, and ultrasonic time, temperature, and frequency 
of 5 min, 40 °C, and 50 kHz, respectively. This approach obtained the highest extraction 
yield of 10.188 ± 0.473 mg g−1 for total chromones. Compared with regular UAE, the 
proposed approach exhibited a higher efficiency (61.56% increase) and shorter extraction 
time (nine times shorter). Also, ILUAE was an efficient, rapid, and simple sample 
preparation technique for extraction of chromones, and the established RRLC–DAD 
method could serve as a rapid and effective technique for extracting chromones from 
Radix Saposhnikoviae.  
 
Key Words: Saposhnikovia divaricata, chromones, ionic liquids, ultrasonic-assisted extrac-
tion 
 
 

Introduction 
Ionic liquids (ILs), also known as molten salts, are a new class of 
non-molecular ionic solvents with a melting point fixed at or below 100 °C 
[1] and have been proposed as greener alternatives to traditional organic 
solvents. ILs have a number of unique chemical and physical properties, 
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such as negligible volatility and vapor pressure, good thermal stability, low 
flammability, chemical stability, environmental benignity, and good disso-
lution and extraction abilities [2–5]. The potential value of ionic liquid re-
search has been recognized by chemists worldwide. Ionic liquids have the 
potential to bring immense progress to modern industry. In recent years, 
ILs have received much attention as neoteric solvents in various applica-
tions, including catalysis, synthesis, industrial cleaning, extraction, and 
separation [6–8]. For example, ILs have been successfully utilized as alter-
native solvents for sample preparation of compounds, such as ginsenosides 
[9], phloroglucinols [10], eleutheroside [11], praeruptorin A [12], taxifolin 
[13], phenolic compounds [14], isoliquiritigenin, liquiritin, glycyrrhizic acid 
[15], flavonoids [16], quinine [17], and sulfonylurea herbicides [18].  

Saposhnikovia divaricata (Turcz.) Schischk. (Radix Saposhnikoviae) has 
been used for many years in China as an important herbal medicine and is 
officially listed in the pharmacopoeia of the People's Republic of China [19]. 
Radix Saposhnikoviae has been shown to have activities against various 
human diseases and conditions, including antipyretic, analgesia [20, 21], an-
tioxidation [22, 23], anti-inflammatory [20, 24], inhibition of platelet aggre-
gation and anticlotting [21]. Chromones were determined to be effective in-
gredients of the species, and among the chromones, prim-O-glucosylcimi-
fugin, cimifugin, 5-O-methylvisammioside, and sec-O-glucosylhamaudol are 
representative constituents of Radix Saposhnikoviae that are often used for 
quality control of Radix Saposhnikoviae [25, 26].  

Many different techniques have been employed to extract chromones 
from Radix Saposhnikoviae, such as heat reflux extraction [27], ultra-
sonic-assisted extraction [25, 28], microwave-assisted extraction [29], and 
pressurized liquid extraction [30]. These techniques are generally tedious, 
time-consuming, hazardous to health due to organic solvent usage, or ex-
pensive due to the requirement for high organic solvent volumes. In recent 
years, there has been an increasing demand for new extraction techniques 
with shortened extraction times, increased extraction efficiencies, and re-
duced consumption of organic solvents [31]. Although Han et al. (2008) [25] 
have previously reported the optimal extraction condition of chromones 
from Radix Saposhnikoviae by ultrasonic-assisted extraction (UAE), it has 
not evaluated the influence of the ILs on the chromone yields. The aim of 
this paper was to develop a rapid and effective IL-based UAE extraction 
approach to extract chromones from Radix Saposhnikoviae. A series of ionic 
liquids with different cations and anions was investigated using the ionic 
liquid-based ultrasonic-assisted extraction (ILUAE) method. Parameters, in-
cluding ionic liquid concentration, solvent to solid ratio, ultrasound time, 
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temperature, and frequency, were found to influence the extraction yield, 
and these parameters were systematically optimized. Chromones from 
Radix Saposhnikoviae were quantified and analyzed by rapid resolution 
liquid chromatography–electrospray ionization/mass spectrometry 
(LC–ESI/MS). Moreover, the extraction efficiency of ILUAE was compared 
with conventional UAE techniques.  

 
 

Experimental 
Materials, Standards, and Reagents 

 
Radix Saposhnikoviae was harvested from the Medicinal Plant Farm of Jilin 
Agricultural University, Changchun, Jilin, China and was identified by 
Doctor Limin Yang (College of Chinese Medicinal Materials, Jilin Agricul-
tural University). The voucher specimens are preserved in the Herbarium of 
Jilin Agricultural University. The roots were ground to obtain a relatively 
homogeneous herbal powder and then sieved through a 40-mesh screen 
(0.42 mm). The powder was dried at 60 °C until a constant weight was 
reached and was blended well before use. 

The standards for prim-O-glucosylcimifugin, cimifugin, 5-O-methyl-
visammioside, and sec-O-glucosylhamaudol were purchased from the Na-
tional Institute for the Control of Pharmaceuticals and Biological Products 
(Beijing, China); the purities of these standards were greater than 99% w/w. 
All ionic liquids were purchased from Chengjie Chemical Company, 
Shanghai, China. The methanol was of HPLC grade and was purchased 
from Fisher Chemicals (USA). Double-distilled water was prepared in our 
laboratory. 

 
Apparatus 

 
For the UAE experiments, an ultrasonic bath with an electrical power of 800 
W was used as the ultrasound source. The bath (DL-820E, Zhi Xin instru-
ment Co. Ltd., China) was a rectangular container (500 × 300 × 200 mm). 
The rapid resolution LC equipment was an Agilent 1260 rapid resolution 
LC system that included a quaternary pump, a degasser, an autosampler, a 
photodiode array detector (DAD), and a thermostatic column compartment 
(Agilent Technologies, Germany). 
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Ionic Liquid-Based Ultrasound-Assisted Extraction 
 

The extraction of four chromones from Radix Saposhnikoviae using UAE 
was performed by employing various extraction conditions, including sol-
vents: water, ethanol, and [C3MIM]Br, [C3MIM]BF4, [C3MIM]I, and 
[C3MIM]PF6; cations: C2, C3, C4, C5, and C6; concentrations: 0.1, 0.2, 0.4, 0.6, 
0.8, and 1.0 M; solvent to solid ratios (mL g−1): 5:1, 10:1, 20:1, 30:1, and 40:1; 
ultrasonic times: 2, 5, 10, 20, and 30 min; temperatures: 20, 30, 40, and 50 °C; 
frequencies: 30, 50, 70, and 90 kHz. All samples were prepared and ana-
lyzed in triplicate. 

Conventional Ultrasonic-Assisted Extraction Method 

Conventional UAE was selected as the reference method that was opti-
mized by Zhongming Han before [25]; conventional UAE was conducted in 
an ultrasonic bath (DL-820E, Zhi Xin instrument Co. Ltd., China). A total of 
0.2 g of sample powder was placed in a 10-mL volumetric flask, then 4 mL 
of methanol was added, and the sample was sonicated in a water bath at   
50 °C for 45 min with the ultrasonic frequency set to 90 kHz. UAE was per-
formed as a control for comparison with ILUAE. All solutions were filtered 
through 0.22 μm membrane filters before being directly injected into the 
rapid resolution LC system. All samples were prepared and analyzed in 
triplicate. 

Rapid Resolution LC–ESI/MS Conditions 

Chromatographic analysis was performed on an Eclipse XDB-C18 column 
(2.1 mm × 150 mm i.d., 3.5 μm) from Agilent Technologies at 30 °C; the bi-
nary mobile phase consisted of water (solvent A) and methanol (solvent B), 
and the flow-rate was maintained at 0.7 mL min−1. The system was run with 
the following gradient program: 0 to 9 min, 30 to 45% B; 9 to 11 min, 45 to 
90% B. Peaks of interest were monitored at 254 nm by a DAD detector. Ten 
microliters of sample solutions was directly injected into the chroma-
tographic column. Representative rapid resolution LC chromatograms of 
the four reference compounds under the conditions listed above are shown 
in Fig. 1A. The calibration curves for the four chromones were constructed 
by plotting the peak area (y) versus the concentration of standard analyte (x, 
μg μL−1). The linear regression equations, correlation coefficients (R), linear-
ity ranges, limits of detection (LOD), and limit of quantification (LOQ) are 
listed in Table I. 
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Fig. 1. The rapid resolution LC chromatograms of a standard mixture (A) and a total ion 
chromatogram from Radix Saposhnikoviae in the range from 200 to 2000 m/z in positive 

ion modes (B) using ILUAE: prim-O-glucosylcimifugin (1), cimifugin (2), 
5-O-methylvisammioside (3), and sec-O-glucosylhamaudol (4) 

 
 

The rapid resolution LC–DAD system was interfaced to the MS detec-
tor. An electrospray ionization source was used in positive ion mode [ESI 
(+)]. The capillary potential was 3.2 kV, the desolvation temperature was 
400 °C, the desolvation gas was at a flow rate of 10 L min−1, and the nebu-
lizer pressure was 40 psig. Total ion chromatograms from 200 to 2000 m/z 
were obtained in ESI positive mode (Fig. 1B).  
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Table I. Linear regression equation, correlation coefficient, and linearity of four 
chromones 

Compounds Regression 
equation R Linearity range 

(μg μL−1) 
LOD  

(μg μL−1) 

LOQ  
(μg 
μL−1) 

Prim-O- 
glucosylcimifugin 

y = 2363.75x + 
6.07 0.99999 0.15–3 0.01 0.0333 

Cimifugin y = 4554.48x + 
0.68 1 0.02–0.6 0.002 0.00659 

5-O- 
Methylvisam-
mioside 

y = 2961.31x + 
26.24 0.99999 0.25–5 0.016 0.052 

Sec-O- 
glucosylhamaudol 

y = 4464.89x – 
2.56 0.99996 0.01–0.2 0.001 0.00332 

Results and Discussion 
Selection of ILs 

 

The structure of an IL has a significant influence on its physicochemical 
properties, which may greatly affect the extraction efficiencies of target 
compounds [32, 33]. Considering the hydrosolubilities of the chromones, 
1-alkyl-3-methylimidazolium ionic liquids with different anions and alkyl 
chain lengths of cations were researched and recorded in this paper. 

 
 

Anion Effect 
 

The selected anion is thought to strongly influence the properties of ionic 
liquids, in particular the water miscibility of ionic liquids [34]. Thus, 
1-propyl-3-methylimidazolium-based ionic liquids with four different ani-
ons (BF4−, Br−, I−, and PF6−) under the same ultrasonic-assisted extraction 
conditions (0.2 g sample, 20:1 solvent to solid ratio, 10 min extraction time, 
30 °C temperature, and 50 kHz frequency) were studied, and differences in 
their extraction yields are shown in Fig. 2. ILs with the PF6− anion were hy-
drophobic and only partly soluble in water. [C3MIM]PF6 showed the lowest 
extraction efficiencies for prim-O-glucosylcimifugin, cimifugin, 5-O-me-
thylvisam-mioside, sec-O-glucosylhamaudol, and total chromones, which 
may be due to its hydrophobicity because it was only sparingly soluble in 
water. However, ILs with the BF4−, Br−, and I− anions were hydrophilic and 
miscible in all water proportions, and the highest efficiencies for cimifugin 
and sec-O-glucosylhamaudol were obtained when I– anions were used, 
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Fig. 2. Effects of IL anions on the extraction yields of the four chromones: 
prim-O-glucosylcimifugin (1), cimifugin (2), 5-O-methylvisammioside (3), 

sec-O-glucosylhamaudol (4), and total chromones (TC). The values for 
prim-O-glucosylcimifugin, 5-O-methylvisammioside, and total chromones are shown on 

the primary y-axis, and those of cimifugin and sec-O-glucosylhamaudol are shown on 
the secondary y-axis on the right 

 
 
but the extraction efficiencies for prim-O-glucosylcimifugin, 5-O-me-
thylvisammioside, and total chromones were the highest when Br– IL ani-
ons were utilized. Therefore, to evaluate the chromone yields, Br– was used 
as the optimal anion because the Br– ILs were easier and cheaper to attain. 

 
 

Effect of the Alkyl Chain Length of the Ionic Liquid Cation 
 

To attain better extraction yields of the target analytes simultaneously, we 
subsequently screened five ionic liquids with increasing alkyl chain lengths 
([C2MIM]Br, [C3MIM]Br, [C4MIM]Br, [C5MIM]B, and [C6MIM]Br) at the 
same concentration, and the results are shown in Fig. 3A. The extraction ef-
ficiencies of prim-O-glucosylcimifugin, cimifugin, 5-O-methylvisammioside, 
sec-O-glucosylhamaudol, and total chromones increased significantly when 
the alkyl chain length was increased from ethyl to propyl. However, the ex-
traction efficiencies of prim-O-glucosylcimifugin, cimifugin, 5-O-me-
thylvisammioside, sec-O-glucosylhamaudol, and total chromones were not 
significant (p > 0.05) when the alkyl chain length was increased from propyl 
to pentyl. Additionally, the extraction yield decreased rather than increased 
when the alkyl chain length of the cation was increased from pentyl to hexyl. 
The proton acidities of the five cations increased when the chain length was 
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changed from ethyl to hexyl at the 1-position of the 1-alkyl-3-methylimi-
dalizium ring [35], but the hydrophobicity also increased as the alkyl chain 
lengths were increased. The proper hydrogen bonding and hydrophobic in-
teractions of [C3MIM]Br both resulted in stronger solvation interactions 
with chromones followed by higher extraction yields than those of the other 
ILs. However, propyl ILs were selected for further study because they were 
easier and cheaper to attain. 

 
 

Selection of [C3MIM]Br Concentration 
 

The extraction procedures were conducted in IL solutions of different con-
centrations (from 0.1 to 1.0 M) to determine the optimum [C3MIM]Br con-
centration in aqueous solution for UAE of chromones using the same condi-
tions. Based on the results shown in Fig. 3B, the extraction yields of 
prim-O-glucosylcimifugin, cimifugin, 5-O-methylvisammioside, sec-O-glu-
cosylhamaudol, and total chromones increased in the [C3MIM]Br concentra-
tion range from 0.1 to 0.4 M. However, the extraction efficiencies were not 
significant (p > 0.05) when the [C3MIM]Br concentration was increased from 
0.4 to 0.8 M. Furthermore, increasing the [C3MIM]Br concentration from 0.8 
to 1 M decreased the extraction efficiencies of the chromones. To decrease 
the waste from ILs, 0.4 M [C3MIM]Br was selected as the ideal concentration 
and was used for subsequent experiments. 

 
Fig. 3. Effects of IL cations (A) and [C3MIM]Br concentrations (B) on the extraction yields 

of the four chromones: ■ prim-O-glucosylcimifugin, △ cimifugin, ◇-O-methyl- 
visammioside, ▲ sec-O-glucosylhamaudol, and × total chromones. The values for 

prim-O-glucosylcimifugin, 5-O-methylvisammioside, and total chromones are shown on 
the primary y-axis, and those of cimifugin and sec-O-glucosylhamaudol are shown on 

the secondary y-axis on the right 

B

0

2

4

6

8

10

0.1 0.2 0.4 0.6 0.8 1
Concentration of  [C3MIM]Br

Y
ie

ld
 (m

g/
g 

 )

0

0.2

0.4

0.6

0.8

1

0

2

4

6

8

10

C2MIM C3MIM C4MIM C5MIM C6MIM
Cations

Y
ie

ld
 (m

g/
g 

 )

0

0.2

0.4

0.6

0.8

1A

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



Ionic Liquid-Based Ultrasonic-Assisted Extraction 

 

367 

Optimization of UAE Parameters 
 

Effect of extraction time 
 
Traditionally, higher extraction efficiencies require longer extraction times 
[9]. Figure 4A shows the effect of extraction time on chromone yields. This 
figure compares extractions in 0.4 M [C3MIM]Br with ultrasonic sound with 
an S/S ratio of 20:1 mL g−1, ultrasonic temperature of 30 °C, and frequency 
of 50 kHz for different treatment times: 2, 5, 10, 20, and 30 min. Figure 5  

 

 
 

Fig. 4. Effects of ultrasonic time (A), solvent to solid ratio (B), ultrasonic temperature (C), 
and frequency (D) on the extraction yields of the four chromones:  

■ prim-O-glucosylcimifugin, △ cimifugin, ◇ 5-O-methylvisammioside,  
▲ sec-O-glucosylhamaudol, and × total chromones. The values for 

prim-O-glucosylcimifugin, 5-O-methylvisammioside, and total chromones are shown on 
the primary y-axis, and those of cimifugin and sec-O-glucosylhamaudol are shown on 

the secondary y-axis on the right 
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Fig. 5. Effects of [C3MIM]Br, H2O and EtOH on the extraction yields of the four 
chromones: prim-O-glucosylcimifugin (1), cimifugin (2), 5-O-methylvisammioside (3), 

sec-O-glucosylhamaudol (4), and total chromones (TC). The values for 
prim-O-glucosylcimifugin, 5-O-methylvisammioside, and total chromones are shown on 

the primary y-axis, and those of cimifugin and sec-O-glucosylhamaudol are shown on 
the secondary y-axis on the right 

 
 

shows how the chromone yields increased significantly in the initial 5 min, 
while the extraction efficiencies of prim-O-glucosylcimifugin, cimifugin, 
5-O-methylvisammioside, sec-O-glucosylhamaudol, and total chromones de-
creased as the UAE time was increased by longer than 5 min. This trend 
may have been due to readsorption of the target components into ruptured 
tissue particles due to their relatively large specific surface areas [36]. 
Therefore, a longer extraction time is unnecessary once the maximum ex-
traction yield has been achieved, and the results indicated that a UAE time 
of approximately 5 min was sufficient to obtain high extraction yields of 
chromones from Radix Saposhnikoviae when 0.4 M [C3MIM]Br was used as 
the solvent. 

 
Effect of solvent to solid ratio 

 
The solvent to solid ratio (S/S) is an important factor that was also studied 
to optimize extraction yields. In this study, five S/S ratios were studied, in-
cluding 5:1, 10:1, 20:1, 30:1, and 40:1 mL g−1 using 0.4 M [C3MIM]Br under 
the same conditions: 0.2 g sample, 10 min ultrasonic time, 30 °C ultrasonic 
temperature, and 50 kHz frequency to assess the effectiveness of the S/S ra-
tio on the four chromone extraction yields from Radix Saposhnikoviae. Fig-
ure 4B shows that the yield of total chromones increased from 5.58 to    
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9.00 mg g−1 as the S/S ratio was increased from 5:1 to 20:1 mL g−1. This ob-
servation was consistent with the mass transfer principle, where the driving 
force during mass transfer was the concentration gradient between the solid 
and bulk of the liquid, which increased when a higher solvent/sample ratio 
was used [37]. However, an excessive increase in the S/S ratio did not sig-
nificantly increase the chromone yield; the yield decreased when the S/S ra-
tio was greater than 30:1. This was probably because a lower solvent to solid 
ratio was sufficient for extraction, and the ultrasonic energy may have been 
absorbed and dispersed by a larger solvent volume, which was disadvanta-
geous for the ultrasonic-assisted extraction [38]. Therefore, a solvent to solid 
ratio of 20:1 was suitable for extraction. 

 
Effect of ultrasonic temperature 

 
Optimization of the ultrasonic temperature used during ILUAE is very im-
portant to ensure efficient extraction, and the effect of this variable was ex-
amined under the following conditions: 0.4 M [C3MIM]Br with an S/S ratio 
of 20:1 mL g−1, 0.2 g sample, 10 min ultrasonic time, and 50 kHz frequency. 
The extraction efficiencies obtained at different temperatures (20, 30, 40, and 
50 °C) are shown in Fig. 4C. The prim-O-glucosylcimifugin, cimifugin, 
5-O-methylvisammioside, sec-O-glucosylhamaudol, and total chromones 
yields increased as the ultrasonic temperature was increased from 20 to   
40 °C, but they increased slightly when the temperature was increased from 
40 to 50 °C. The ultrasonic temperature of 40 °C was therefore the optimal 
temperature for maximum efficiency. 

 
 

Effect of ultrasonic frequency 
 

The influence of the ultrasonic frequency on the extraction efficiencies of the 
chromones was examined over the range from 30 to 90 kHz using the same 
conditions as listed previously, and the results are shown in Fig. 4D. The ex-
traction efficiencies of the chromones increased dramatically when the ul-
trasonic frequency was increased from 30 to 50 kHz, but when a higher ul-
trasound frequency was employed, the extraction yield did not increase sig-
nificantly. This indicated that the application of low frequencies of 50 kHz 
may have promoted the required cell wall disruption, which facilitated sol-
vent access to the cell contents, intensifying the mass transfer rate when  
0.4 M [C3MIM]Br was used as the solvent. An ultrasound frequency of 50 
kHz was therefore selected for all subsequent experiments. 

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



Z. Han et al. 

 

370 

Comparison of [C3MIM]Br with Other Solvents 
 

The effects of three different solvents, including 0.4 M [C3MIM]Br, water, and 
ethanol on the extraction efficiencies of prim-O-glucosylcimifugin, cimifugin, 
5-O-methylvisammioside, sec-O-glucosylha-maudol, and total chromones, 
were tested under the same conditions: 0.2 g sample, 20:1 solvent to solid 
ratio, 5 min ultrasonic time, 30 °C, and 50 kHz frequency. The results 
showed that the extraction efficiencies of the four chromones were signifi-
cant (p < 0.05) when the utilized solvents were 0.4 M [C3MIM]Br, water, and 
ethanol (Fig. 5). The highest extraction yield was observed when the solvent 
was 0.4 M [C3MIM]Br. 

 
 

Comparison of the ILUAE Approach with Conventional UAE 
 

Table II presents a comparison of the chromone extraction yields obtained 
using different methods (ILUAE and UAE). Significant differences in chro-
mone contents were found for prim-O-glucosylcimifugin, 5-O-methyl-
visammioside, sec-O-glucosylhamaudol, and total chromones obtained us-
ing ILUAE and UAE. Compared with regular UAE, the proposed approach 
exhibited higher efficiencies (61.56% increase) and shorter extraction times 
(nine times shorter), which indicated that ILUAE was an efficient, rapid, 
and simple sample preparation technique to extract the four chromones 
from Radix Saposhnikoviae. 
 

Table II. Chromone yields for the ILUAEa and UAEb methods 

m( )t Q⋅  m( )t Q⋅  m( )t Q⋅  

Prim-O-glucosylcimifugin 3.799 ± 0.203a 2.161 ± 0.127b 

Cimifugin 0.649 ± 0.047a 0.554 ± 0.073b 

5-O-methylvisammioside 5.352 ± 0.263a 3.346 ± 0.184b 

Sec-O-glucosylhamaudol 0.387 ± 0.020a 0.245 ± 0.018b 

Total chromones 10.188 ± 0.473a 6.306 ± 0.393b 
 

aConditions: 0.2 g sample, 4 mL of 0.4 M [C3MIM]Br, 5 min ultrasonic time, 40 °C, 
and 50 kHz frequency. 

bConditions: 0.2 g of sample, 4 mL of methanol, 45 min ultrasonic time, 50 °C, and 
90 kHz frequency. 

cMean ± SD (n = 3). Means within a row with the same letter are not significantly 
different, as indicated. 
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LC–ESI/MS Analysis of Chromones 
 

Chromone identification was confirmed by LC–ESI/MS, and under the 
conditions used, all of the chromones detected had intensive signals that 
corresponded to [M+H]+. Briefly, in positive ion mode, prim- O-glucosyl- 

 

Fig. 6. LC-ESI/MS (+) spectra and chemical structures of prim-O-glucosylcimifugin (A), 
cimifugin (B), 5-O-methylvisammioside (C), and sec-O-glucosylhamaudol (D).  

Detection was performed in SIM mode using a 20-V cone voltage, 3.2 kV capillary 
potential, 400 °C desolvation gas temperature, 10 L min−1 drying gas flow rate, and a 

40-psig nebulizer pressure 

D 

[M+Na]+

  

m/z
325 350 375 400 425 450 475 500 525 550 575 600 625 650

%

0

100 3.07e6461.3

439.3

462.3
477.3[M+H]+

C   

m/z
300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675

%

0

100 9.60e6475.3

453.3 476.3

491.2

[M+H]+

[M+Na]+

B

[M+Na]+

 

m/z
240 260 280 300 320 340 360 380 400 420 440 460

%

0

100
( ) ( ( ))

6.29e6329.2

307.2 330.2

345.2

 

[M+H]+

[M+Na]+

A

m/z
325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700

%

0

100 4.40e6491.3

469.3
492.3

507.2

[M+H]+

O

OCH3 O

CH3O

H3C

H3C

O
O

HO

HO

OH

HO

 

O

OH O

CH3

O

HO

HO

OH

HO

O
H3C

H3C

O

 

O

OCH3 O

C
H2

O
O

OH

OHHO

OHOH3
C

CH3
HO

 

OO

H3C

H3C
HO

OCH3 O

CH2OHH

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



Z. Han et al. 

 

372 

cimifugin (MW-468), cimifugin (MW-306), 5-O-methylvisammioside 
(MW-452), and sec-O-glucosylhamaudol (MW-438) gave protonated ad-
ducts at m/z 469.3, 307.2, 453.3, and 439.3, respectively. Moreover, strong 
[M+Na]+ signals for the four chromones were observed at m/z 491.3, 329.2, 
475.3, and 461.3, respectively (Fig. 6). In negative ion mode, very weak 
[M−H]− signals for the four chromones were observed (data not shown). 
The results showed that these chromones preferred obtaining an electron to 
form positive ions compared with negative ions. In the same manner, peaks 
at m/z 469.3, 307.2, 453.3, and 439.3 in the positive spectrum were assigned 
to known chromones with molecular weights of 468.3 (1), 306.2 (2), 452.3 (3), 
and 438.3 (4), respectively [39] (Fig. 6). Furthermore, the four chromones 
were confirmed by comparing their retention times with those of the refer-
ence standards. 

 
Validation of LC–ESI/MS 

 
The precision of the method was determined by analyzing five consecutive 
injections with the same standard mixture solution. The relative standard 
deviation (RSD) values of the peak areas for prim-O-glucosylcimifugin, ci-
mifugin, 5-O-methylvisammioside, and sec-O-glucosylhamaudol were less 
than 1.03%.  

A standard addition test was performed to determine the recoveries of 
the four chromones. In this assay, standard solutions with different concen-
tration levels were prepared and added to known amounts of the preana-
lyzed sample solutions. The spiked samples were analyzed three times us-
ing the developed RRLC method mentioned above. The ratio of the meas-
ured to added amounts was used to calculate recovery. The recovery of the 
investigated components ranged from 97.5 to 102.2%, and the RSD values 
were less than 3.0%. Considering the results of the recovery test, the method 
is accurate. 

 
Conclusions 

 
In the present study, we proposed a novel extraction method for chromones 
from Radix Saposhnikoviae based on using ionic liquids in UAE followed 
by a rapid resolution LC–ESI/MS method for analysis and quantification. 
To the best of our knowledge, this report is the first to describe the combi-
nation of ILUAE with LC–DAD–ESI/MS for the extraction and quantifica-
tion of chromones from Radix Saposhnikoviae. The ILUAE conditions were 
optimized in detail. Considering the effects of both the anion and cation, 
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[C3MIM]Br was selected for the evaluation. The optimum conditions of 
ILUAE were obtained as follows: 0.4 M [C3MIM]Br; 20:1, solvent to solid ra-
tio; 5 min, ultrasonic time; 40 °C temperature; and 50 kHz, frequency. Under 
these conditions, the yields of prim-O-glucosylcimifugin, 5-O-methyl-
visammioside, and sec-O-glucosylhamaudol from ILUAE were 3.799, 0.649, 
5.352, and 0.387 mg g−1, respectively, which were much higher than the 
yields obtained using conventional UAE. The optimal extraction time was  
5 min for ILUAE, which is much shorter compared with the 45 min extrac-
tion time needed for conventional UAE. The experimental results thus 
showed that using the ionic liquid solutions as the solvents was very effec-
tive in UAE of chromones from Radix Saposhnikoviae. 
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