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Taking Phellodendron chinense Schneid (PcS) as the raw material with ultrasonic-assisted eutectic solvent, the e�ects of various
DESs on the extractable content of palmatine and berberine in PcS were investigated. On the basis of the single-factor test, the best
DES was determined to be choline chloride and 1,3-propanediol (mole ratio 1 : 2). After optimizing by the response surface
method, the optimum extraction conditions were as follows: the solid-liquid ratio was 1 : 30 (w/v), water content was 30% (v/v),
vortex time was 7min, ultrasonic time was 20min, ultrasonic temperature was 60°C, ultrasonic power was 400W, and the content
of palmatine in PcS was 5.421± 0.283mg/g, and the content of berberine in PcS was 15.573± 0.539mg/g.�erefore, DES prepared
from choline chloride and 1,3-propanediol can be used to extract palmatine and berberine from PcS. �e optimized process
conditions determined by the response surface method are reliable and can provide a reference for the green extraction of e�ective
components from PcS.

1. Introduction

Phellodendron chinense Schneid (PcS), which is commonly
known as “Sichuan Phellodendron amurense Rupr,” is the
dried bark of plant-Phellodendron chinense Schneid [1]. It is
mainly distributed in Shaanxi and Sichuan provinces of China
[2]. PcS has the functions of clearing heat, dryness, and
dampness, purging ¤re, and removing steam, and detoxifying
and treating pain [3]. �e main chemical components are
alkaloids with a content of more than 3% [4], including ber-
berine, palmatine, jatrorrhizine, and magno¦orine [5]. �ese
alkaloids have e�ects of bacteriostasis, anti-in¦ammation, [5]
antiarrhythmia, regulation of lipid metabolism [6], and an-
ticancer [7] in modern pharmacology. PcS is a traditional
Chinese medicine commonly adopted in traditional Chinese
medicine, which is widely adopted in clinical practice. It is
often used in the treatment of skin diseases, [8] infantile ec-
zema, [9, 10] enteritis [11, 12] and anal eczema. [13].

DES is a system composed of organic molecules and
ionic compounds [14], which is formed by the hydrogen

bond association of two or three compounds. In the
meanwhile, hydrogen bonding will reduce the melting point
of the system, and the ¤nal melting point of DES is lower
than that of any component [15]. Due to its high surface
tension, high density, and high polarity, DES has good
solvent properties, such as thermal stability [16], chemical
stability, and simple synthesis. In recent years, DES are more
widely adopted, such as electrochemical research [17, 18],
natural product analysis [19, 20], biological sample analysis
[21], food analysis [22], environmental analysis [23], Chi-
nese medicine compound extraction [24], and many other
¤elds.

At present, the research on the extraction technology of
PcS mainly focuses on the traditional extraction methods,
such as water extraction [25]and alcohol extraction [26].
With palmatine and berberine as the detection indexes, the
e�ective components of PC were extracted by DES. With
assisted ultrasonic extraction technology, single factor ex-
periments [27] were conducted to investigate the e�ect of
DES types and other extraction factors on the extraction of
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effective components of PcS. 2e response surface method
[28, 29] was used to optimize the extraction process of PcS
and to compare with traditional water extraction and alcohol
extraction. 2is study intends to provide a more green, cost-
effective, and new technological method for the extraction of
PcS medicinal materials.

2. Materials and Methods

2.1. Instruments. 2e chromatographic analysis was per-
formed with the use of Agilent 1260 high performance liquid
chromatography system (including four-element low-pres-
sure stirring pump, automatic injector, column incubator,
1100 diode array detector, and chemical workstation) was
purchased from Agilent Technologies Co., Ltd. In addition,
AB135-S electronic balance was purchased from Mettler-
Toledo International Co., Ltd. QL-901 Vortex instrument
was purchased from Haimen Qilinbeier Instrument
Manufacturing Co., Ltd. TGL-16 freezing centrifuge was
purchased from Hunan Xiangyi Laboratory Instrument
Development Co., Ltd. HH-S4 digital display constant
temperature water bath pot was purchased from Jiangsu
Jinyi Instrument Technology Co., Ltd., and JP-300G ultra-
sonic extractor was purchased from Wuhan Jiapeng Elec-
tronics Co., Ltd. DFY-500 (swing type) multifunction high-
speed traditional Chinese medicine grinder was purchased
from Wenzhou Dingli Medical Equipment Co., Ltd. JM-
A5002 Analytical balance was purchased from Zhuji Chaoze
Equipment Co., Ltd.

2.2. Materials. 2e PcS adopted in this experiment was
produced in Sichuan Province, China, which met the re-
quirements of Chinese Pharmacopoeia (2020 edition).
Chromatographic grade methanol and acetonitrile were
purchased from Fisher Company of the United States, an-
alytical pure phosphoric acid (batch number 20170408) was
purchased from Tianjin Guangfu Technology Development
Co., Ltd., and ultrapure water was purchased from Hang-
zhou Wa Co., Ltd. Choline chloride (batch number 150120)
was purchased from Shanghai Zhanyun Chemical Co., Ltd.
2e batch numbers and manufacturers of hydrogen bond
donors are shown in Table 1.

6.14mg of palmatine hydrochloride (batch no. 110732-
201611, purity ≥85.7%, China Institute for Food and Drug
Control) and 10.45mg of berberine hydrochloride (batch
no. 110713-201613, purity ≥85.9%, China Institute for Food
and Drug Control) were weighed precisely and diluted
separately with methanol to obtain 0.614mg/mL of pal-
matine hydrochloride and 2.09mg/mL of berberine hy-
drochloride. Equal volumes of palmatine hydrochloride and
berberine hydrochloride were mixed to obtain a mixed
solution containing 0.307mg/mL and 1.045mg/mL of pal-
matine and berberine. 2e solution was filtered through a
filter with a pore size of 0.22 μm to obtain the control so-
lution for HPLC analysis.

2.3. HPLC Analysis Condition. High performance liquid
chromatography (HPLC) detection was conducted, with

chromatographic columnAgilent TCC18(5 μm,4.6× 250mm).
2e mobile phase was acetonitrile-0.1% phosphoric acid
aqueous solution (28 : 72, v : v). 2e detector wavelength was
238 nm, the injection volume was 20 μL, the flow rate was
1.0mL/min, and the column temperature was 30°C.

2.4. Preparation of DES. In this paper, choline chloride, the
most frequently used in the market, was used as hydrogen
bond acceptor, and 11 kinds of hydrogen bond donor
materials were selected, as shown in Table 1. Mix according
to the mole ratio in Table 1, heat in 80–100°C water bath, stir
continuously until transparent, and form DES. 2ey were
named in order from DES-1 to DES-11.

2.5. Preparation of Test Solution. Take proper amount of PcS,
grind it through a sieve of 100 mesh, and accurately weigh
50mg PcS powder. DESwas added on the grounds of the ratio
ofmaterial to liquidat 1 : 30 (w/v); itwasplaced inwater at 60°C
for 5min, vortex oscillation 5min (power supply 220V, power
40W, speed 2800 rmp/min), ultrasonic extraction 30min
(power 300W) at 60°C, vortex oscillation 5min, and 3000 r/
min centrifugal 5min. Finally, PcS extract was obtained.

3. Results and Analysis

3.1. HPLC Method Verification

3.1.1. Investigation of the Linear Relation. 2e appropriate
amount of the above mixed reference substance reserve
solution was taken and it was diluted with methanol in turn
to obtain a series of reference substance solutions, carrying
on the HPLC analysis. Taking the peak area (A) as the
ordinate (y) and the reference substance concentration (μg/
mL) as the abscissa (x), the standard curve was drawn. 2e
regression equations of palmatine and berberine were
y� 8.8248× −19.508 (r� 0.9996), and the linear range was
6.14∼307 μg/mL. y� 10.059× − 35.925(r� 0.9997), and the
linear range was 20.9∼1045 μg/mL.

3.1.2. Precision Test. 2e same PcS extract was injected con-
tinuously for 6 times according to Section 2.3. In addition, the
RSD values of palmatine and berberine peak area were cal-
culated to be 1.15% and 0.77%, respectively. According to the
above method, 6 samples of PcS extract were prepared and
analyzed by HPLC. 2e average contents of palmatine and
berberine were calculated as 5.456± 0.097mg/g and 16.229±
0.219mg/g, respectively. Besides, the RSDs were 1.78% and
1.35%, respectively.

3.1.3. Recovery Test. Six samples of PcS with known content
were taken with each about 25mg. 2e palmatine reference
solution (concentration 0.695mg/mL) 0.2mL and berberine
reference solution (concentration 0.416mg/mL) 1mL were
precisely extracted in the same centrifuge tube, steaming dry
solvent in the water bath, adding PcS powder, adding DES-7
(water content 30%) 1.5mL, extracting PcS extract according
to Section 2.3, and being analyzed by HPLC. 2e average
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recoveries of palmatine and berberine were 99.31% and
98.89%, respectively. In addition, the RSDs were 1.94% and
1.12%; the results are shown in Table 2.

3.2. Screening of DES

3.2.1. DESs Type, Water Content, and Solid-Liquid Ratio.
2e composition and properties of DES determine the ex-
traction rate [30]. 2e extraction of natural products has the
disadvantage of the relatively high toxicity efficiency of
organic solvents, which leads to the loss of active compo-
nents and may lead to considerable waste. As a consequence,
as a new green solvent, DES has attracted wide attention.2e
influence of 11 various DESs (Table 1) on the extraction
efficiency of effective components from PcS was discussed.
As shown in Figure 1(a), DES-7, the group of choline
chloride and propylene glycol, had the highest extraction
efficiency of effective components from PcS. At the same
time, choline chloride and propylene glycol are both simple
and easy to obtain products, nontoxic, nonvolatile, and not
harmful to humans as extraction solvents, so DES-7 was
finally chosen as the extraction solvent.

3.2.2. Water Content of DES. 2e viscosity of DES is usually
very high. Generally speaking, adding water to DES can
reduce the viscosity of DES and increase its solubility. As
shown in Figure 1(b), the extraction amount of effective
components in PcS improves with the increase of water
content in DES. However, the continuous increase of water
content will change the intermolecular hydrogen bond of
DES, thus changing the structure of DES and reducing the
solubility of the effective components of PCS. Consequently,
increasing water content in a certain range is beneficial to the
extraction of effective components from PcS. DES with 30%
water content was selected as the extraction solvent of PcS
[31].

3.2.3. Solid-Liquid Ratio. It can be seen from Figure 1(c) that
the extraction amount of effective components in PcS im-
proves with the increase of the ratio of material to liquid.
After all, the increase of the ratio of liquid to material can
enhance the solubility of the system. When the ratio of
material to liquid is 1 : 30 g/mL, it reaches the highest point

of extraction. Besides, when the ratio of material to liquid
continues to increase, the content of palmatine and ber-
berine is almost unchanged. 2is may be because when the
ratio of material to liquid increases to a certain extent, the
solubility reaches a certain degree, and saturationmay occur,
resulting in that part of the components can not be dissolved,
which then affects the extraction effect. As a consequence, 1 :
30 g/mL was selected as the ratio of material to liquid for the
extraction of effective components in PcS.

3.3. Investigation on Single Factors of Extraction Process

3.3.1. Vortex Time. 2e vortex can accelerate the full dis-
persion of DES into the sample solution and fully contact
with the target analyte. In addition, it can improve the
extraction efficiency by affecting the emulsification and two-
phase equilibrium of DES. As a consequence, the choice of
vortex time is very important [32]. As shown in Figure 2(a),
the extraction amount of palmatine and berberine increased,
reached the maximum at 5min, and then decreased with the
increase of time, which may be due to the introduction of
bubbles by the continuous vortex, weakening the interaction
between the extractant and the target. As a consequence, the
best vortex time is 5min.

3.3.2. Ultrasonic Power. Ultrasonic power can promote the
dissolution of active substances. When the ultrasonic power
is too low, the cavitation effect is weak. As a result, the local
tensile stress in the liquid is not enough.When the ultrasonic
power increases, the cavitation effect will increase with the
increase of ultrasonic power, accelerate the molecular dif-
fusion speed, and improve the extraction rate of palmatine
and berberine. However, too high ultrasonic power not only
will waste the experimental cost, but may destroy the
structure of the active material. It can be seen in Figure 2(b)
that when the ultrasonic power reaches 300W, the content
of palmatine and berberine in the extracted PcS is the
highest, so the ultrasonic extraction power is 300W.

3.3.3. Ultrasonic Time. Extraction time is an important
parameter for the extraction of natural products. Generally
speaking, the content of chemical components improves
with the increase of extraction time. As can be seen from

Table 1: Sources of hydrogen bond donor.

Num. Kind of hydrogen bond donor Manufacturer Mole ratio
1 Xylitol Zhengzhou #Angyuan Chemical Products Co., Ltd. 1 :1
2 Urea Tianjin Ruijinte Chemical Co., Ltd. 1 : 2
3 Acetic acid Xilong Science Co., Ltd. 1 : 2
4 Citric acid Zhengzhou Kangyuan Chemical Products Co., Ltd. 1 : 2
5 Phenol Xilong Science Co., Ltd. 1 : 3
6 Glycerol Guangzhou Miya Cosmetics co., Ltd. 1 : 2
7 Propylene glycol Tianjin Zhonghe Shengtai Chemical Co., Ltd. 1 : 2
8 Maltose Zhengzhou Kangyuan Chemical Products Co., Ltd. 1 :1
9 Malic acid Zhengzhou Kangyuan Chemical Products Co., Ltd. 1 :1
10 Lactic acid Zhengzhou Kangyuan Chemical Products Co., Ltd. 1 : 2
11 Fructose Zhengzhou Kangyuan Chemical Products Co., Ltd. 1 :1
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Figure 2(c), the extraction amount of palmatine and ber-
berine increased at first and then reduced with the extension
of ultrasonic time. 2e reason is that ultrasonic has cavi-
tation effect, mechanical effect, and thermal effect. In a
certain range of ultrasonic time, prolonging ultrasonic time
can fully destroy the plant cell wall and make the active
components in plant cells effectively dissolve [33, 34]. As a
consequence, with the extension of time, the extraction
amount of palmatine and berberine gradually increased.
However, too long ultrasonic time may lead to the de-
struction of alkaloid structure [35]. As a consequence, the
best ultrasonic extraction time is 30min.

3.3.4. Ultrasonic Temperature. 2e extraction temperature
affects the mass transfer, thus affecting the chemical com-
position. Some studies have shown that, with the increase of
temperature and the enhancement of mass transfer, the
viscosity of extraction solvent decreases and the extraction
efficiency increases. However, the dissolution of the active
components is affected, or the decomposition of the active
components is caused by the influence of high temperature
when the temperature exceeds a certain range. As a con-
sequence, it is necessary to select the appropriate ultrasonic
temperature for research. 2e appropriate extraction tem-
perature is one of the important parameters affecting the
extraction of DES. It can be concluded from Figure 2(d) that
the extraction content of effective components in PcS in-
creases with the increase of temperature. Moreover, when
the extraction temperature exceeds 70°C, the extraction
amount of palmatine and berberine decreases. It can be seen
that increasing the temperature to 60°C can reduce the
surface tension and viscosity of DES, make the extract easier
to infiltrate, and improve the extraction efficiency.

3.4. Response Surface Test Results and Analysis.
Design-Expert 8.0.6 statistical software was adopted. Based
on the results of single factor test and the design principle of
Box–Behnken experiment, the influential factors such as
ultrasonic power (A/W), ultrasonic time (B/min), ultrasonic
temperature (C/°C), and vortex time (D/min) were selected

as independent variables, and the comprehensive scores (CS)
of palmatine (mg/g) and berberine (mg/g) contents were
taken as investigation indexes. 2e weight coefficients were
as follows: 50% of palmatine content and 50% of berberine
content. 2e central point was selected to repeat the ex-
periment for 5 times, and the response surface analysis
model of 29 test sites with 4 factors and 3 levels was designed.
2e experimental design and response values are shown in
Tables 3 and 4. In addition, the results of analysis of variance
are shown in Table 5.

Design-Expert 8.0.6 software was adopted to analyze, and
the quadratic multiple regression equation was obtained as
follows: Y� 87.37 + 2.66A+ 1.53B + 4.77C+ 0.53D− 0.98AB
− 0.89AC+ 0.2AD− 0.17BC− 2.29BD+ 3.40CD+ 1.91A2 +
2.59B2 − 3.942 + 1.57D. 2e results show that when the
model P< 0.001, the regression model was very significant;
when the misfit item P> 0.05, the nonexperimental factors
had little influence on the test results; when the determi-
nation coefficient was 0.8262> 0.8, the model fitting was
high; when the variant was 3.64%, the test accuracy was
good; when the signal-to-noise ratio S/N was 7.821> 4, the
model can be adopted to analyze and predict the extraction
of PcS. 2e significant analysis of the regression model
showed that A was significant (P< 0.05), C and C2 were very
significant (P< 0.01 or P< 0.001), and the other items were
not significant. 2e order of the four factors affecting PcS
extraction was C>A>B>D.

PcS extracts the response surface 3D map and contour
map of the interaction between the two factors, as shown in
Figure 3. It can be seen that the interaction between ul-
trasonic time and vortex time was the strongest.

2e optimum extraction conditions of PcS DES obtained
by response surface method were as follows: ultrasonic
power 399.93W, ultrasonic time 20min, ultrasonic tem-
perature 58.69°C, vortex time 7min, and the theoretical
comprehensive score 102.061. Considering the actual op-
eration, the optimum process conditions are modified
400W, ultrasonic time 20min, ultrasonic temperature 60°C,
and vortex time 7min. Under these conditions, the contents
of palmatine and berberine in PcS were 5.421± 0.283 and
15.573± 0.539mg/g, respectively, and the comprehensive

Table 2: Results of recovery test of two active constituents.

Constituent Original amount
(μg)

Added amount
(μg)

Total measured amount
(μg) Recovery rate (%) Average recovery

(%) RSD (%)

Palmatine

140.220 139.000 277.346 98.65 99.31 1.94
142.402 139.000 278.261 97.74
140.766 139.000 282.002 101.61
127.671 139.000 269.254 101.86
136.401 139.000 271.942 97.51
143.494 139.000 280.359 98.46

Berberine

417.103 416.000 828.205 98.82 98.89 1.12
423.595 416.000 828.994 97.45
418.726 416.000 836.081 100.33
379.775 416.000 794.346 99.66
405.742 416.000 812.502 97.78
426.841 416.000 840.002 99.32

2e above results showed that the HPLC analysis method was accurate and reproducible.
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Figure 1: Effect of DES on PcS extraction efficiency: (a) effect of different types of DESs, (b) effect of DES water content, and (c) effect of
solid-liquid ratio.
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Figure 2: Continued.
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Figure 2: Investigation of single factors in ultrasonic extraction process.

Table 3: Response surface test factor level of PcS extraction process.

Level
Factors

Ultrasonic power/W Ultrasonic time/min Ultrasonic temperature/°C Vortex time/min
−1 200 20 40 3
0 300 30 50 5
1 400 40 60 7

Table 4: Response surface test design and results.

No. A B C D CS No. A B C D CS
1 200 30 60 5 90.621 16 300 20 60 5 89.201
2 400 30 60 5 90.940 17 400 30 50 3 92.687
3 400 30 50 7 94.887 18 400 20 50 5 96.399
4 200 30 50 7 87.010 19 200 30 50 3 85.626
5 400 40 50 5 93.037 20 200 20 50 5 88.029
6 300 30 50 5 85.307 21 300 20 40 5 80.024
7 300 30 60 7 94.682 22 300 30 50 5 87.474
8 300 40 40 5 81.592 23 300 20 50 3 86.081
9 300 20 50 7 89.914 24 300 40 50 3 100.000
10 200 40 50 5 88.607 25 200 30 40 5 80.240
11 300 30 60 3 85.770 26 300 30 40 7 76.724
12 300 30 40 3 81.395 27 400 30 40 5 84.117
13 300 30 50 5 89.921 28 300 40 50 7 94.677
14 300 30 50 5 90.886 29 300 40 60 5 90.095
15 300 30 50 5 83.248 — — — — — —

Table 5: Results of variance analysis of PcS extraction process response surface test.

Source Sum of squares Df Mean square F value P value
Model 686.04 14 49.00 4.75 0.0031 Significant
A 84.99 1 84.99 8.25 0.0123
B 28.09 1 28.09 2.73 0.1210
C 272.82 1 272.82 26.47 0.0001
D 3.35 1 3.35 0.32 0.5779
AB 3.88 1 3.88 0.38 0.5494
AC 3.17 1 3.17 0.31 0.5882
AD 0.17 1 0.17 0.016 0.9006
BC 0.11 1 0.11 0.011 0.9178
BD 20.95 1 20.95 2.03 0.1758
CD 46.13 1 46.13 4.48 0.0528
A2 23.66 1 23.66 2.30 0.1520
B2 43.58 1 43.58 4.23 0.0589
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Table 5: Continued.

Source Sum of squares Df Mean square F value P value
C2 100.70 1 100.70 9.77 0.0074
D2 15.92 1 15.92 1.54 0.2343
Residual 144.28 14 10.31
Lack of fit 104.15 10 10.42 1.04 0.5313 Not significant
Pure error 40.13 4 10.03
Cor. total 830.32 28
R-squared 0.8262
Adj. R-squared 0.6525
C.V.% 3.64
Adeq. precision 7.821
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Figure 3: Continued.
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score was 101.111, which shows that the prediction of the
model established by Design-Expert 8.0.6 has a good ac-
curacy. As a consequence, the technological conditions of
PcS DES extraction can be well optimized.

3.5. Comparison with Traditional Extraction Solvents in Ul-
trasound-Assisted Process. Palmatine and berberine of PcS
were extracted by ultrasonic-assisted DES method. In ad-
dition, the extraction results of the DES were in comparison

with those of the traditional extraction solvents water,
methanol, and ethanol under the same extraction method.
As shown in Figure 4, the extraction effect of the optimized
ultrasonic-assisted DES extraction method was slightly
better than that of conventional extraction solvents. In view
of the problems of traditional extraction methods, such as
long cycle, complex operation, high cost and difficult re-
covery, volatile organic reagents, and toxicity, ultrasonic-
assisted low-melting solvent extraction has the advantages of
short time, high efficiency, low cost, simple operation, and
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Figure 3: Response surface drawings of PcS analyzed by interaction of two factors.
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reagent saving and greatly shortens the extraction time and
saves the steps of solvent concentration, and the DES has the
advantage of being green and nonpolluting and nonoxic.

4. Conclusion

Response surface methodology was used to optimize the
extraction of effective components from Phellodendron
phellodendri with low eutectic solvent, and compared with
traditional extraction methods, it reflected the advantages of
high efficiency and fast extraction of DES and nontoxic,
green, and environmental protection. A new type of DES was
adopted to extract the effective components of PcS, com-
bined with ultrasonic extraction technology. Compared with
the traditional Chinese medicine extraction technology, it is
proved that the extraction effect of DES is better than other
extraction methods, which reflects the advantages of high
yield and high speed of DES extraction. 2e extraction effect
of DES formed by choline chloride and 1,3-propanediol
(molar ratio 1 : 2) was the best. Combined with single factor
experiment and response surface optimization experiment,
it was confirmed that the optimum extraction conditions of
PcS were as follows: DES water content was 30% (v/v), ratio
of material to liquid was 1 : 30 g/ml, vortex time was 7min,
ultrasonic time was 20min, ultrasonic temperature was
60°C, and ultrasonic power was 400W. At this time, the
content of palmatine in PcS was 5.421± 0.283mg/g, the
content of berberine is 15.573± 0.539mg/g, and the com-
prehensive score was 101.111. It was 0.95 different from the
comprehensive score predicted by the model, which proved
the effectiveness and feasibility of the model. Compared with
the traditional water extraction, the extraction rate of PcS
effective components extracted by DES was efficient and
feasible. 2is study not only provides some data support for
the green extraction of natural plant active components, but
also provides a new idea for the further development of
alkaloids in PcS.
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