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To explore a green and efficient extraction technology for the extraction of active ingredients of Asarum, the deep eutectic solvent
combined with ultrasonic was applied to compare the extraction efficiency of 10 kinds of deep eutectic solvents, taking the
extraction rate of methyl eugenol and asarinin as indices. Single-factor experiments were adopted to investigate the influence of
molar ratio, liquid-to-solid ratio, eddy time, ultrasonic time, and temperature of the deep eutectic solvent on the extraction rate of
methyl eugenol and asarinin. Based on single-factor experiments, the surface response methodology was used to optimize the
extraction process conditions. -e results showed that the optimum extracting process conditions of methyl eugenol and asarinin
in Asarum consisted of a ratio of choline chloride to glycerol of 1 : 3, a DES volume of 2mL, an ultrasonic temperature of 60°C, an
ultrasonic time of 30min, and a vortex oscillation of 7min. Under the optimum extracting process conditions, the contents of
methyl eugenol and asarinin were 1.9428mg/g and 0.9989mg/g, respectively, and the comprehensive index was 2.3280 (RSD of
1.91%). -e results were close to the predicted values of the response surface model, demonstrating the applicability of the model.
-e extraction rate of methyl eugenol and asarinin in Asarum by this method was higher than that of water extraction and alcohol
extraction, which fully indicated the high efficiency of ultrasonic-assisted green deep eutectic solvent extraction technology. -e
results provide data support for further development and utilization of Asarum.

1. Introduction

Asarums are the dry roots and rhizomes of Aristo-
lochiaceae plants such as Asarum heterotropoides Fr.
Schmidt var. mandshuricum (Maxim.) Kitag., Asarum
sieboldii Miq. Var. seoulense Nakai, or Asarum sieboldii
Miq. [1]. Asarum is pungent, warm in nature, and enters
the heart, lung, and kidney meridians, with slight toxicity
[2]. It has the effect of reliving the exterior syndrome and
dispersing cold, dispelling wind and relieving pain and
opening into five organs, and warming the lung and re-
solving fluid [3]. Asarum contains a variety of compo-
nents, including volatile oil, lignans, flavonoids, steroids,
polysaccharides [4–7], asarinin, methyl eugenol, safrole,

and so on [8]. Asarum is commonly used in the clinical
treatment of common cold due to wind cold, headache,
toothache, stuffy and runny nose, allergic rhinitis, naso-
sinusitis, rheumatism and pain syndrome, and phlegm
and retained fluid, dyspnea with cough [9].

In 2003, Abbott et al. [10] first found a solvent composed
of hydrogen bond acceptors and donors with certain molar
ratio and called it deep eutectic solvent (DES). As it has good
physical and chemical properties, such as green, low melting
point, easy to synthesis, low cost, strong solubility, and can
be repeatedly used [11, 12], DESs currently have gradually
replaced organic solvents and ionic liquids and showed great
potential in the extraction and separation of natural plants
[13–15]. In recent years, water-soluble DESs based on
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choline chloride have been widely applied in various fields,
from physical, material, and chemical to the efficient ex-
traction and separation of alkaloids, flavonoids, polysac-
charides, and acids from medicinal plants [16, 17].

In the study, 10 kinds of DESs were first used in the
extraction of the active ingredients of Asarum. With the
index of the extraction rate of methyl eugenol and asarinin,
the response surface methodology was applied to analyze the
optimal conditions of the extraction of methyl eugenol and
asarinin from Asarum, which was subsequently compared
with the traditional extraction method, so as to provide a
more green, efficient, and economical novel extraction
method, promote the deep development of Asarum, and
provide a theoretical basis for the comprehensive develop-
ment and utilization of Asarum.

2. Materials and Methods

2.1. Reagents. Asarum used in this experiment was from
Sichuan Province in China and purchased from Jilin
Pharmacy (Changchun), and all of them met the require-
ments of Chinese Pharmacopoeia (2020 edition). Chroma-
tography-grade methanol (batch no. 20200601) and
acetonitrile (batch no. 20200601) were purchased from
Fisher Company, USA; analytical grade phosphoric acid
(batch no. 20170408) was obtained from Tianjin Guangfu
Science and Technology Development Co., Ltd.; ultrapure
water was acquired from Hangzhou Wahaha Co., Ltd.;
methyl eugenol (batch no. 111642–200301) and asarinin
(batch no. 111889–201705) were acquired from the National
Institute of Food and Drug Control; choline chloride (batch
no. 150120) was obtained from Shanghai Zhanyun Chemical
Co., Ltd.; maltose (batch no. 117101), malic acid (batch no.
117101), lactic acid (batch no. 117101), fructose (batch no.
117001), xylitol (batch no. 117101), and citric acid (batch no.
117101) were acquired from Zhengzhou Kangyuan Chem-
ical Products Co., Ltd.; phenol (batch no. 170902) and acetic
acid (batch no. 117101) were purchased from Xilong Sci-
entific Co., Ltd.; glycerin (batch no. 20180406) was pur-
chased from Guangzhou Yaya Cosmetics Co., Ltd.;
propylene glycol (batch no. 20180309) was obtained from
Tianjin Zhonghe Shengtai Chemical Co., Ltd.; and urea
(batch no. 20170109) was purchased from Tianjin Ruijinte
Chemical Co., Ltd.

2.2. Instrumentation. -e chromatographic analysis was
performed with the use of Huapu S3000 high performance
liquid chromatography system (including four-element
low-pressure stirring pump, automatic sampler, column
box, 1100 diode array detector, and chemical worksta-
tion). Jp-300 G ultrasonic extractor was purchased from
Wuhan Jiapeng Electronics Co., Ltd. AB135-S electronic
balances were purchased from Mettler Toledo Interna-
tional Ltd. Ql-901 vortex instrument was purchased from
Haimen Qilin Beier instrument Manufacturing Co., Ltd.
TGL-16 refrigerated centrifuge was purchased from
Hunan Xiangyi Laboratory Instrument Development Co.,
Ltd.

2.3. HPLC Method for the Determination of Asarum. -e
chromatographic column was Diamonsil®C18 (4.6× 250mm,
5μm).-emobile phase included acetonitrile-0.1% phosphoric
acid aqueous solution.-e selectedwavelengthwas 287nm, the
injection volume was 10μL, and the column temperature was
40°C. -e detailed gradient elution conditions are displayed in
Table 1. HPLC chromatogram of Asarum is given in Figure 1.

2.4. Preparation of DESs. In this paper, choline chloride was
selected as the hydrogen bond acceptor (HBA) and the 10
materials in Table 2 were selected as the hydrogen bond
donors (HBD) to prepare DESs considering their nature,
safety, and low cost. HBA and HBDwere accurately weighed
and mixed at a certain molar ratio, heated, and stirred at
80–100°C until a clear and uniform liquid was formed.

2.5. Extraction of Methyl Eugenol and Asarinin from Asarum.
-e process of preparation of the test product is shown in
Figure 2. 50mg of Asarum powder was weighed and sub-
sequently added to the DES at a solid-liquid ratio of 1 : 30 (g/
mL), warm bath for 5min, eddy oscillation for 5min, ul-
trasonic extraction at 60°C for 30min, ultrasonic power of
200W [18], eddy oscillation for 1min, and centrifugation at
3000 r/min for 5min at obtain the Asarum extract.

2.6. Box–Behnken Response Surface Experimental Design.
According to the experimental design principles of
Box–Behnken and the results of the previous single-factor
pretest, the most influencing factors of the extraction of
Asarum (molar ratio, DES volume, ultrasonic temperature
(°C), and ultrasonic time (min)) were selected and numbered
−1, 0, and 1, respectively. -e extraction rate of methyl
eugenol and asarinin was averaged to obtain the compre-
hensive index (CI) as the investigation index. 29 test sites
were designed for the response surface test, and then the
optimal process conditions were verified. -e test factors
and level design are shown in Table 3.

3. Results and Discussion

3.1. Method Validation

3.1.1. Linear Range and Detection Limit. Prepared standard
series solutions were injected under the established chro-
matographic conditions to obtain HPLC peak areas at dif-
ferent concentrations. -ere was a linear relationship
between peak area and the concentrations of methyl eugenol
and asarinin in the range of 0.005–0.495mg/mL and
0.002–0.230mg/mL, respectively. -e results are shown in
Table 4.

3.1.2. Precision and Accuracy. -e precision and accuracy of
the analysis method were verified by the precision test,
repeatability test, and sampling recovery test. -e same
Asarum extract was continuously injected 6 times according
to the above HPLC analysis conditions, and the RSDs of
methyl eugenol and asarinin peak area were 0.54% and
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Table 1: Gradient elution conditions.

Time (min) Flow rate (mL·min−1) A (%) B (%)
0 1.5 38 62
13 1.5 38 62
13.1 1.0 43 57
27 1.0 43 57
28 1.0 51 49
45 1.0 51 49
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Figure 1: HPLC chromatogram of Asarum. (a) Reference substance and (b) test substance (1, methyl eugenol; 2, asarinin).

Table 2: Different types of DESs.

No. HBA HBD Molar ratio
1 Choline chloride Maltose 1 :1
2 Choline chloride Malic acid 1 :1
3 Choline chloride Lactic acid 1 : 2
4 Choline chloride Fructose 1 :1
5 Choline chloride Glycerol 1 : 2
6 Choline chloride Propylene glycol 1 : 2
7 Choline chloride Xylitol 1 : 1
8 Choline chloride Urea 1 : 2
9 Choline chloride Acetic acid 1 : 2
10 Choline chloride Citric acid 1 : 2

DES

Mix, warm bath
at 60°C for 5 min

Ultrasonic extraction
at 60°C for
30 min (200w)

Take the
supernatant
and set aside

Centrifuge at 3000
r/min for 5 min

Vortex for
1 min

Vortex for 5 min

Figure 2: Preparation diagram of test product.
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0.78%, respectively. 6 Asarum extracts were prepared and
analyzed by HPLC using the above method. -e average
contents of methyl eugenol and asarinin were 1.528mg/g
and 0.802mg/g, and the RSDs were 1.06% and 1.72%,
respectively.

Six pieces of Asarum with known content were taken,
each of which was about 25mg. 0.2mL of methyl eugenol (at
a concentration of 0.468mg/mL) and 0.1mL of asarinin (at a
concentration of 0.453mg/mL) were accurately transferred
to a centrifugal tube. After the solvent was dried in a water
bath, the measured Asarum powder was added. Asarum
extract was extracted according to the method in Section 2.3
and analyzed by HPLC. -e average recovery percentages of
methyl eugenol and asarinin were 99.07% and 98.89%, re-
spectively, with RSDs of 1.90% and 1.19%. It means that this
method was of high precision and accuracy.

3.2. Effect of DES Types. In this paper, choline chloride is
used as the HBA, which can combine with hydrogen bond
donors to form hydrogen bond, and it has the advantages of
low cost, low toxicity, and biodegradation [19]. -e ex-
traction of methyl eugenol and asarinin is the most im-
portant factor that should be considered in the optimization
of the HBD component. In this study, the effects of 10 kinds
of DESs (see Table 1) on the extraction amount of methyl
eugenol and asarinin were investigated. -e results are
shown in Figure 3. DES-5, the combination of choline
chloride with glycerol, had the highest efficiency in the
extraction of methyl eugenol and asarinin from Asarum.

3.3. Effect ofMolar Ratio. Because the recoveries of different
molar ratios about DES may have different extraction
properties, several DESs with different molar ratios were
synthesized for the extraction of methyl eugenol and asar-
inin, as it is a standard to evaluate the extracting abilities of
different DESs. In this paper, the effects of DES at the molar
ratios of choline chloride to glycerol of 1 :1, 1 : 2, 1 : 3, and 1 :
4 on the extraction rates of methyl eugenol and asarinin
from Asarum were investigated. As shown in Figure 4, when
the molar ratio of choline chloride to glycerol is 1 : 3, the
extraction efficiency is the highest, so this molar ratio is
selected for subsequent experiments.

3.4. Effect ofDESVolume. As the only extraction solvent, the
amount of DES directly affects the extraction efficiency of
methyl eugenol and asarinin. -e main reason is that if the
amount of extraction solvent is insufficient, the target
components cannot be completely extracted, while excessive
DES will lead to a waste. -erefore, this paper focuses on the
DES volume in the range of 0.5–2.0mL. As shown in Fig-
ure 5, when the DES volume was 1.5mL, the extraction rates
of methyl eugenol and asarinin were the highest. Finally,
1.5ml of DES was chosen as the optimum amount of ex-
traction solvent in this study.

3.5. Effect ofUltrasonic Temperature. In the whole extraction
process, temperature has a significant effect on the extraction
efficiency of the target compounds. Generally, an increased
temperature will accelerate themovement and transfer of the
materials [20]. In this paper, the effect of temperature in the
range of 40–70°C on the extraction rate of methyl eugenol
and asarinin was investigated. As can be seen from Figure 6,
at the temperature of 40–60C, the extraction rate of methyl
eugenol and asarinin increased, but when the temperature is
higher than 60°C, the extraction rate of both of them de-
creased, which may be caused by the destruction of the
original structure of some substances at excessively high
temperature. -erefore, 60°C was set as the optimal con-
dition in the following study.

3.6. Effect of Ultrasonic Time. Ultrasonic time is also one of
the important factors affecting the extraction effect. As can
be seen from Figure 7, the ultrasonic time in the range of
10–30min was positively correlated with the extraction rate
of methyl eugenol and asarinin, but after 30min, the ul-
trasonic time was negatively correlated with the extraction
rate. -is may be because the longer the time, the greater the
energy generated by the ultrasonic wave, the stronger the
cavitation effect formed in the solution, the stronger the
damage to the cell wall of Asarum, and the higher the ex-
traction yield. However, as the extraction time increases, the
temperature also increases gradually, and the system is
under the action of ultrasonic radiation and thermal effect at
the same time, which may lead to double degradation
[21, 22].

Table 3: Test factors and level design of response surface methodology.

Factors
Level

−1 0 1
A. Molar ratio 1 : 2 1 : 3 1 : 4
B. DES volume (mL) 1 1.5 2
C. Ultrasonic temperature (°C) 50 60 70
D. Ultrasonic time (min) 20 30 40

Table 4: Linear range and detection limit.

Constituent Concentration range (mg/g) Linearity curve r
Methyl eugenol 0.005–0.495 y� 6281.8 x−13.595 0.9998
Asarinin 0.002–0.230 y� 22335 x−27.887 0.9998
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Figure 3: Effect of DES types, extraction conditions: sample amount, 50mg; DES volume, 1.5mL; ultrasonic temperature, 60°C; ultrasonic
time, 30min; and vortex oscillation, 5min.
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Figure 5: Effect of DES volume, extraction conditions: sample
amount, 50mg; molar ratio, 1 : 2; ultrasonic temperature, 60°C;
ultrasonic time, 30min; and vortex oscillation, 5min.
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Figure 6: Effect of ultrasonic temperature, extraction conditions:
sample amount, 50mg; molar ratio, 1 : 2; DES volume, 1.5mL;
ultrasonic time, 30min; and vortex oscillation, 5min.
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temperature, 60°C; and ultrasonic time, 30min.

Table 5: Analysis of variance of quadratic regression equation of Box–Behnken response surface.

No. A B C D CI No. A B C D CI
1 0 −1 0 1 2.1642 16 1 0 −1 0 2.0186
2 0 0 0 0 2.2457 17 −1 −1 0 0 1.7488
3 0 0 0 0 2.2293 18 −1 0 0 1 1.4969
4 0 1 −1 0 2.1051 19 −1 0 1 0 1.4810
5 1 0 0 −1 1.8751 20 1 0 1 0 1.8567
6 0 0 −1 −1 2.0394 21 0 0 0 0 2.3719
7 −1 0 0 −1 1.4474 22 0 0 1 −1 2.2232
8 1 0 0 1 1.8097 23 0 1 0 1 2.1923
9 0 0 0 0 2.2433 24 0 0 1 1 2.3243
10 0 1 1 0 2.3297 25 0 −1 1 0 2.1863
11 0 0 0 0 2.1759 26 0 −1 0 −1 2.1089
12 0 −1 −1 0 2.0929 27 −1 1 0 0 1.5489
13 0 1 0 −1 2.2702 28 0 0 −1 1 2.2659
14 1 −1 0 0 1.5586 29 −1 0 −1 0 1.5348
15 1 1 0 0 2.0212 — — — — — —

Table 6: Analysis of variance of the regression model.

Source Sum of squares Df Mean square F value P value
Model 2.32 14 0.17 16.50 <0.0001

Significant

A. Molar ratio 0.30 1 0.30 29.41 <0.0001
B. DES volume 0.031 1 0.031 3.07 0.1018
C. Ultrasonic temperature 9.883E-003 1 9.883E-003 0.98 0.3379
D. Ultrasonic time 6.961E-003 1 6.961E-003 0.69 0.4190
AB 0.11 1 0.11 10.93 0.0052
AC 2.923E-003 1 2.923E-003 0.29 0.5980
AD 3.300E-003 1 3.300E-003 0.33 0.5755
BC 4.308E-003 1 4.308E-003 0.43 0.5230
BD 4.436E-003 1 4.436E-003 0.44 0.5170
CD 3.930E-003 1 3.930E-003 0.39 0.5416
A2 1.77 1 1.77 176.57 <0.0001
B2 6.459E-003 1 6.459E-003 0.64 0.4359
C2 1.500E-003 1 1.500E-003 0.15 0.7049
D2 0.013 1 0.013 1.32 0.2692
Residual 0.14 14 0.010
Lack of fit 0.12 10 0.012 2.30 0.2187

Not significant

Pure error 0.021 4 5.199E-003
Cor. total 2.46 28
R2 0.9429
R2Adj 0.8857
CV (%) 5.01
Adeq precision 12.372
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Figure 9: Continued.
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Figure 9: Response surface drawings of CI value analyzed by interaction of two factors.

8 Journal of Chemistry



3.7. Effect of Vortex Time. In the extraction of sample, the
vortex oscillation is mainly to ensure that the sample and
the extraction solvent can be fully mixed to form a
uniform solvent system so that the target components can
be completely extracted. -erefore, in the study, the
changes of extraction rate during the eddy time in the
range of 3–9min were investigated. As shown in Figure 8,
with the longer vortex time, the extraction rates of methyl
eugenol and asarinin increased slightly, but after more
than 7min, almost no change was observed in the ex-
traction rates, indicating that the optimal extraction rate
could be achieved when the vortex time was 7 min.
-erefore, the time of the first eddy oscillation was finally
determined to be 7min.

3.8. Optimization of Box–Behnken Response Surface
Experiment

3.8.1. Results of Response Surface Experiment. -e response
surface test design and results are shown in Table 5.

3.8.2. Model Establishment and Analysis. -e analysis of
experimental data was performed by Design-Expert 8.0.6
software. -e results were fitted by multiple regression,
and the regression equation Y � 2.25 + 0.16 A + 0.051 B
+ 0.029 C + 0.024D + 0.17 AB − 0.027AC − 0.029AD +
0.033BC− 0.033BD− 0.031CD− 0.52A2 − 0.032B2− 0.015C2

− 0.045D2 was obtained, with R2 � 0.9429, indicating that the
model can be used for analysis and prediction due to its good
fitting and few experimental errors. Further analysis of var-
iance was performed on the equation, and the results are
shown in Table 6.

According to the results in Table 3, for the compre-
hensive evaluation value CI, A and A2 factors all reached
extremely significant levels (P< 0.01). -e influence of the
interaction term AB was statistically significant (P< 0.05).
-ere was no statistically significant difference found in the
influence of misfitting terms, suggesting that the regression
equation presented a good fitting. -e overall regression
model developed reaches the extremely significant level
(P< 0.01). -e order of the influence of each factor on CI
value is A>B>C>D.

3.8.3. Interaction of Various Factors. -e response surface
diagram of the quadratic regression equation was obtained
by Design-Expert 8.0.6 software, and the shape of the re-
sponse surface diagram was investigated. -e effects of
molar ratio, DES volume, ultrasonic temperature, and ul-
trasonic time on the extraction rate of methyl eugenol and
asarinin were analyzed. -e response surface diagram and
contour line can well reflect the interaction between the
independent variables. By observing the slope of the re-
sponse surface diagram, the influence of two factors on the
response value can be determined. -e steeper the response
surface diagram is, the more obvious the interaction between
the two factors is. As shown in Figure 9, the surface slope of
AB’s interaction is relative steep, indicating that the com-
bination of molar ratio and DES volume has a great influence
on the extraction rate of methyl eugenol and asarinin in
Asarum.

3.8.4. Optimization of Extraction Conditions and Model
Verification Results. -e optimum extraction conditions of
methyl eugenol and asarinin in Asarum obtained by the
response surface method were as follows: molar ratio of 1 :
3.3, DES volume of 2mL, ultrasonic temperature of 70C,
ultrasonic time of 24.61min, and the theoretical compre-
hensive index (CI) was 2.3736. Combined with the actual
needs, the optimum process conditions are modified: molar
ratio was 1 : 3, DES volume was 2mL, ultrasonic temperature
was 70°C, and ultrasonic time was 25min. Under these
conditions, by conducting parallel experiment 3 times, the
contents of methyl eugenol and asarinin was 1.9428mg/g
and 0.9989mg/g, respectively, and the CI was 2.3280 (RSD of
1.91%). It was 0.046 lower than the model’s CI, which was
related to the actual correction molar ratio, and the ultra-
sound time because both had a significant impact on the
results, which shows that the prediction of the model
established by Design-Expert 8.0.6 has a good accuracy. As a
consequence, the technological conditions of methyl euge-
nol and asarinin in Asarum DES extraction can be well
optimized.

3.9. Comparison with Other Extraction Solvents. -e results
of the DES extraction were compared with those of common
solvent extraction, such as water extraction, methanol ex-
traction, and ethanol extraction. In terms of the experi-
mental process, the DES extraction is simple and stable and
does not require a large number of reagents. Furthermore,
the extraction time is significantly shortened and the process
of solvent concentration is removed [23, 24]. As can be seen
from Figure 10, the extraction effect of the DES is better than
that of conventional solvent extraction.

4. Conclusion

In this paper, a green, efficient, and economical novel ex-
traction method was put forward [25, 26]. -e effects of 13
solvents including water, ethanol, methanol, and 10 kinds of
DESs on the extraction rates of asarinin and methyl eugenol
were compared. -rough single-factor experiments and
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Figure 10: Comparison of other extraction solvents.
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response surface test, the optimal extraction process con-
ditions of asarinin and methyl eugenol in Asarum were
obtained: choline chloride and glycerol as the extraction
solvent, with a molar ratio of 1 : 3, a DES volume of 2ml, an
ultrasonic temperature of 60°C, a ultrasonic time of 30min,
and a vortex oscillation of 7min. Under the optimal ex-
traction conditions, the extraction rates of methyl eugenol
and asarinin were 1.9428mg/g and 0.9989mg/g. -e ex-
traction conditions of this method were mild and did not
require high temperature and high pressure and with higher
extraction rate and lower loss rates from hydrolysis and
biodecomposition. On top of that, the DES is green, natural,
nontoxic, and nonpolluting [27, 28], and thus, the extract
can be applied to food, medicine, and other fields.
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