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Ionic Liquid-based Microwave-Assisted Extraction
of Four Flavonoids from Scutellariae Radix Slices

ZHANG Fang,GUO Qing-mei,ZHANG Yong-qing *

Department of Pharmacy ,School of Pharmaceutical Sciences ,Shandong University of Traditional Chinese Medicine, Jinan 250355 ,China

Abstract: A rapid reversed-phase high performance liquid chromatography method was developed for the simultaneous
determination of 4 flavonoids, namely baicalin, wogonoside , baicalein and wogonin. The chromatographic separation was
performed on an Agilent TC-C g column(250 x4.6 mm,5.0 pm) with 0. 4% phosphoric acid ( A) and methanol ( B) as
mobile phases. The gradient elution program was as follows :0-10 min,40% -50% B ;10-20 min,50% B ;20-30 min,50% -
60% B ;3040 min,60% -80% B ;40-50 min,80% B. The detection wavelength was set at 280 nm. Under the developed
HPLC method, the ionic liquid-based microwave-assisted extraction ( IL-MAE) of 4 flavonoids from Scutellariae Radix
slices was optimized. The optimal IL-MAE conditions were determined as follows: 1. 0 M 1-butyl-3-Methylimidazolium
bromide ( [ C,min ] Br) employed as extractant, the ratio of solid to liquid was 1: 100, extracting for 3 min,the microwave
power was 264 W. Compared with traditional solvent reflux extraction( SRE ) recorded in Chinese pharmacopoeia(2010 e-
dition ) , IL-MAE significantly improved the extraction yields of 4 flavonoids and shortened the extraction duration( from 3
h to 3 min). In conclusion, the developed HPLC method was sensitive, accurate , specific, and applicable for the quality
control of Scutellariae Radix slices,and the optimized IL-MAE method was a simple, efficient,rapid ,and green extraction
technique.
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Scutellariae Radix, the dried roots of Scutellaria ba-
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icalensis Georgi,has been widely used for centuries for
the treatment of pyrexia, jaundice and diarrhea and is
officially listed in Chinese pharmacopoeia. Modern re-
searches indicated that flavonoids including baicalin,
wogonoside , baicalein and wogonin were the major bio-

active constituents of Scutellariae Radix with many
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pharmacological properties,such as anti-oxidation , anti-
sepsis, antivirus, and anti-inflammatory. Hence, fla-
vonoids were regarded as the indexes in the quality e-
valuation of Scutellariae Radix in medicinal industry.

An appropriate extraction process is important for ensu-
ring medicinal value of Scutellariae Radix. The solvent

reflux extraction( SRE) "

is the most widely used ex-
traction method. The main drawbacks of SRE were
time-consuming and high energy consumption. Nowa-
days, ultrasonic-assisted extraction ( UAE) Bl and mi-
crowave-assisted extraction ( MAE ) ") have been em-
ployed in the extraction of Scutellariae Radix. Although
these two methods greatly shortened the extraction du-
ration and showed high efficiency, they do not satisfy
the demand of green chemistry because of using harm-
ful solvents during the extraction process.

Tonic liquid (IL) , one kind of fused salt, is in liquid
state at room temperature with a variety of advantages
such as environmental friendly, high thermal stability,
low vapor pressure , nonflammability and high solubility
in water and other organic solvents . Therefore it is
widely used in sample pretreatment fields, such as lig-

[6] In

uid-liquid extraction and membrane separation
recent years,many progresses in extraction and separa-
tion of natural products using ionic liquid had been
made. Zhang et al'’' reported the extraction of chloro-
genic acid from Lonicera japonica Thunb. by ionic lig-
uid-based ultrasounic-assisted ( IL-UAE ) with 1-butyl-
3-methylimidazolium tetrafluoroborate ([ C,min ] BF,)
aqueous solution as solvent. Lu et al'® reported that
phenolic alkaloids in Nelumbo nucifera Gaertn. were ex-
tracted by ionic liquid-based microwave-assisted ( IL-
MAE). Ionic liquid-based microwave-assisted extrac-
tion ( IL-MAE ) has received considerable attention as
an alternative extraction technique. The technique has
been demonstrated to be time-and energy-saving and
highly efficient.

In the present study,a new HPLC method was devel-
oped for the simultaneous determination of four fla-
vonoids from Scutellariae Radix slices. In conjunction
with the IL-MAE ,the HPLC method was applied for the
determination of flavonoids,including baicalin, wogono-

side, baicalein and wogonin in Scutellariae Radix. The

results were compared with that of traditional solvent

reflux extraction( SRE).

Material and Methods

Material

Baicalin , wogonoside , baicalein and wogonin ( purity >
99% ) were purchased from Yuanye Biotechnology Co.
Lid. ( Shanghai, China ) ; 1-butyl-3-methylimidazolium
chloride ([ C,min ] C1,99. 0% ) , 1-butyl-3-methylimid-
azoliumbromide ([ C,min ] Br, 99. 0% ), 1-butyl-3-
methylimidazoliumtetrafluoroborate ( [ C,min ] BF, , 99.
0% ) were purchased from Shanghai Chengjie Chemical
Co. (Shanghai, China) ; HPLC-grade methanol was ob-
tained from Tianjin Shield Specialty Chemical Ltd. Co.
( Tianjin, China ) ; Other reagents were at least of ana-
lytical grade and water was prepared by automatic
double-purified water distilling apparatus ( Shanghai
Yarong Biochemical Factory,China).

Scutellariae Radix slices ( SRS ) were purchased from
Dongfang drug store( Jinan,China). The species was i-
dentified by Professor Fengqin Zhou ( Shandong Univer-
sity of Traditional Chinese Medicine, Jinan, China).
Instruments

An Agilent 1200 HPLC system( Agilent Co. ,USA ) was
equipped with a G1311A quaternary pump,a G1314B
VWD detector and a G1329B autosampler. IL-MAE
was performed on a MM823L.A6-NS Midea microwave
oven( Midea group Co. Ltd. ,China).

Extraction of flavonoids from SRS

Dried SRS were pulverized into fine powder, sieved
through a No. 60 mesh and subjected to SRE and IL-
MAE. (1) SRE: According to Chinese Pharmacopoeia
(2010 edition) ,the SRS powder(0. 1 g)was accurately
weighted and extracted with 20 mL of 70% ethanol for
3 h;(2)IL-MAE: according to the methods of Ma'®’,
0.1 g of SRS sample power was accurately weighed and
extracted with 20 mL of ionic liquid solution. Previous
study had shown that the category of anion greatly af-
fected water miscibility of IL. Hence , the most common-
ly employed 1-butyl-3-methylimidazolium with various
hydrophilic anions ( BF;, Br, C1") were tested in this
work. The additional extraction conditions, including IL

concentration , solid-liquid ratio, microwave power, and
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extraction time were investigated in this paper.

The extracts were cooled to room temperature , compen-
sated the lost weight and then filtered. 1. 0 mL of ex-
tracts were accurately measured and put in 10 mL
brown volumetric flask, and topped up to the volume
with extraction solvent, respectively. All the final ex-
tracts were filtered through a 0. 45 pm membrane be-
fore HPLC analysis.

Preparation of standard solutions

Standard stock solutions of 4 flavonoids were prepared
by respectively dissolving them in ethanol. Then , proper
amounts of 4 standard stock solutions were accurately
measured and put in 50 mL brown volumetric flask and
topped up to the volume with 70% ethanol. The final
concentrations of 4 reference compounds were baicalin
(46.4 png/mlL) , wogonoside (9.92 pg/mL) , baicalein
(17. 2 pg/mL) and wogonin (5. 76 pg/mL). The
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standard solution was stored in dark place at 4 °C.
HPLC analysis

An Aglient TC-C 4 column(250 mm x4.6 mm,5 wm)
was used for chromatographic separation. The mobile
phases were:0. 4% phosphoric acid ( A) and methanol
(B). The gradient elution program was; 0-10 min,
40% -50% B ;10-20 min,50% B ;20-30 min,50% -60%
B;3040 min, 60%-80% B;40-50 min, 80% B; the
flow rate was 1. 0 mL/min; the detection wavelength
was set at 280 nm. Under these conditions, all the ana-
lytes were separated in less than 45 min. All chromato-
graphic measurements were operated at room tempera-
ture. Quantification of the analytes was based on the
peak area using the external calibration method. The
chromatograms of standard solution and SRS were

shown in Fig. 1.
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Peaks 1-baicalin,2-wogonoside ,3-baicalein ,4-wogonin

Fig. 1

Validation of the HPLC method

Linearity , limits of quantification ( LOQ ) and detection
(LOD)

Linearity of the curves was established by injecting
standard solutions with six different volumes(1,5,10,
15,20,30 pL). The calibration curves were established
by plotting the peak area(Y)versus amount(X). Line-
ar regression was used to calculate the coefficient of de-
termination( R*).

The standard solution was diluted with 70% ethanol to
a series of appropriate concentrations for the determina-
tion of limits of quantification ( LOQ ) and detection
(LOD). LOD and LOQ under the chromatographic
conditions were separately determined at a signal-to-
noise (S/N)ratio of 3 and 10, respectively.

Precision ,repeatability ,accuracy and stability

The precision were evaluated by relative standard devi-

ation( RSD) . The accuracy were investigated by injec-

Typical HPLC chromatograms of mixed standards solution( A)and SRS sample(B)

ting 6 repeated of the same sample solutions on the
same day (intra-day ) and over three consecutive days
(inter-day) ,respectively.

Repeatability was performed by weighing 6 pieces of
SRS powder (0. 1 g) independently, and the samples
were extracted and prepared according to the IL-MAE
above.

Recovery studies were carried out by adding accurate
amounts of the 4 standards to approximate 0. 1 g of SRS
powder,and then the samples were extracted and ana-
lyzed according to the method ( IL-MAE ) described a-
bove. The average percentage recoveries were evaluated
by calculating the ratios of detected amount versus add-
ed amount.

Stability was assessed by detecting the same sample so-
lution at 6 different times within 48 h at room tempera-
ture.

Optimization of IL-MAE conditions
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The SRS sample(0. 1 g) was placed into a round-bot-
tom flask ( 100 mL) and 20 mL 1-butyl-3-methylimid-
azolium with various hydrophilic anions either (i) BF},
(ii) Bror(iii) Cl'solvent was added,and the concentra-
tion of [ C,MIN]Br from 0. 50 to 2. 00 M, the solid-liq-
uid ratios(1:5,1:10,1:20,1:50,1:100,1: 200, and 1
:400) . The power was set at 136,264 ,440,616 or 800
W. The suspensions were irradiated with microwave as
follows :30-720 s. It was allowed to cool for about 15
min to room temperature , compensated the lost weight
and then filtered. 1.0 mL of extracts was transferred to
a 10 mL volumetric flask (10 mL) and made up to the
mark using the appropriate solvent. The mixture was fil-

tered using nylon syringe filter(0.45 pwm) before HPLC

analysis.
Results and Discussion

Validation of the HPLC method

Linearity , limits of quantification ( LOQ ) and detection
(LOD)

Linear calibration curves were obtained by plotting the
peak area against the amount of the respective standard
and were found to be linear over the range( Table 1).
All the analytes showed good linearity with correlation
coefficient( R”) ranging from 0. 9996 to 1. 0000 for the
4 standards. The range of LOD for 4 compounds was
from 0. 06 to 0. 13 pg/mL,and the LOQ was from 0. 21
to 0.42 wg/mL(Table 1).

Table 1 Calibration equations, LOD and LOQ for the 4 compounds

Calibration equation Linear range Correlation cofficient LODP LOQ®

Compound ) N

Y =a +bX? (pg) (R%) (pg/mL) (pg/mL)

Baicalin Y =3590.67X-15. 86 0.0464 ~1.3920 1.0000 0.13 0.42
Wogonoside Y =4015. 18X-5.96 0.00992 ~0.2976 0.9996 0.11 0.38
Baicalein Y =6922.45X +13.51 0.0172 ~0.5160 0.9999 0.06 0.21
Wogonin Y =6955.36X-13.63 0.00576 ~0.1728 0.9997 0.07 0.22

*Y and X were the peak areas and amount( pg) of the compound, respectively.

"The LOD was defined as the concentration for which the signal-to-noise ratio was 3 ;the LOQ was defined as the concentration for which the signal-to-noise

ratio was 10.

Precision ,repeatability ,accuracy and stability

As shown in Table 2 ,the intra-day and inter-day varia-
tions were less than 3% ;the average content of 4 com-
pounds was baicalin(90.01 mg/g) , wogonoside (20. 19
mg/g) ,baicalein (16. 69 mg/g) , wogonin (5. 36 mg/
g)with RSD less than 3% respectively ; the percentage
recoveries were in the range of 97. 9% -102. 8% with

RSD less than 3% ; Stability was assessed by detecting
the same sample solution at 6 different times within 48
h at room temperature. The RSD values of the peak are-
as were all lower than 3% ,indicating that it was accu-

rate to analyze the samples within 2 days by this meth-
od.

Table 2 Precision, recoveries and stabilities of the 4 compounds(n =6)

Precision Repeatability Recovery

. Stability

Compound Intra-day Inter-day Content RSD Recovery RSD RSD( % )
RSD( % ) RSD( % ) (mg/g) mean( % ) (%)

Baicalin 0.65 1.22 90.01 0.96 102.8 2.34 1.13
Wogonoside 0.98 1.83 20.19 1.48 99. 84 2.56 1.56

Baicalein 1.01 1.98 16.69 1.96 102.67 1.78 2.17

Wogonin 1.13 2.26 5.36 2.37 97.9 1.26 2.45

Optimization of IL-MAE conditions
Selection of IL
As shown in Fig. 2 the extraction yields of baicalin(90.

6 mg/g) and baicalein(16. 6 mg/g) were higher by IL
of [ C,min ] Br than those extracted by the other two
ILs,and these 3 ILs have exhibited the similar effects
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on the extraction yields of wogonoside and wogonin.
Hence, IL of [ C,min | Br was selected for the extraction

of flavonoids in SRS.
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Fig. 2 Comparison of the extraction yield of flavonoids

by 3 ILs and the effect of ILs category on the ex-

traction efficiency of flavonoids of SRS

[ C,min] Br concentration

The effect of [ C,min ] Br concentration on the extrac-
tion yields of flavonoids from SRS was illustrated in
Fig. 3. The increase of [ C,min ] Br concentration ran-
ging between 0 and 1.00 mol/L led to a small increase
of the extraction efficiency, whereas the increase of
[ C,min | Br concentration ranging between 1. 0 and
2.0 mol /L showed no further variation of the extrac-
This suggested that the 1. 00 mol/L

[ C,min ] Br was the appropriate concentration in this

tion yields.

study.

<%

50 e
- ? §8 =+ baicalin
<3 60f = wogonoside
<% 350} ~*baicalein
== =& wogonin
= 40

z 30

i

0.50 0.75 1.00 1.25 1.50 2.00
Concentration of [C4MIN]Br(mol/L)
Fig. 3 Effect of [ C,min ] Br concentration on the ex-

traction efficiency of flavonoids of SRS

Microwave power

The level of microwave power can affect the extraction
yields of active constituents by influencing the tempera-
ture in extraction system. The results were shown in
Fig. 4. The yields of baicalin and wogonoside increased
with the incrasing of the microwave power from 136 W
to 264 W ,and in this range, the yield of baicalein de-
creased slightly. There was little effect on the obtained
yield of wogonin no matter what microwave power was
used. Therefore , the microwave power of 264 W was se-

lected as the extraction power.

/E\n

Y
=E 70 ——baicalin
=< 60 -=wogonoside
si S 2_8 —+-baicalein

% 30 \—K— wogonin

= 20 g—8—

[ X
136 264 440 616 800
Microwave power(w)
Fig. 4 Effect of microwave power on the extraction effi-

ciency of flavonoids of SRS

Extraction duration

To some degree , the extraction duration is in direct pro-
portion to the extraction efficiency under the given mi-
crowave power. Fig. 5 showed the changes of yields of 4
flavonoids with the increasing of extraction duration up
to 180 s. When the extraction duration was longer than
180 s, the yields of 4 flavonoids decreased. The main
reason may be that the excessive extraction would result
in decomposition of flavonoids in SRS. Hence, 180 s
was thought to be the appropriate extraction duration.
e

Bl enide
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Fig. 5 Effect of extraction duration on the extraction ef-

ficiency of flavonoids of SRS

Solid to liquid ratio

A series of extractions with different solid-liquid ratios
(1:5,1:10,1:20,1:50,1:100,1:200 and 1:400)
were performed for evaluating the effect of solvent vol-
ume on the yields of 4 flavonoids. As shown in Fig. 6,
the yields of 4 flavonoids increased with the increasing
of solvent volume before the solid to liquid ratio
reached 1: 100 ; After that the yields of the 4 flavonoids
were not significantly increased with the further in-
creasing of the solvent volume. Therefore ,a solid-liquid
ratio of 1: 100( g mL)was used in the IL-MAE.
Hence,according to the above experiments,the optimal
extraction conditions were as follows: the 1L solvent was
1.0 M 1-butyl-3-Methylimidazolium bromide ( [ C,min ]
Br) ,the ratio of solid/liquid( g/mL)was 1: 100 ,the
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extraction duration was 180 s, and microwave power
was 264 W.

- baicalin
-+ wogonoside
-+ baicalein
== wogonin

Yield of

5 10 20 50 100 200 400

Solid-liquid ratio(g/ml)

Fig. 6 Effect of solid/liquid ratio on the extraction effi-

ciency of flavonoids of SRS

Comparison of IL-MAE and SRE

The yields of 4 flavonoids obtained by IL-MAE were
compared with those obtained by SRE recorded in Chi-
nese Pharmacopoeia(2010 edition). As shown in Table
3, comparing with the traditional SRE ,the IL.-MAE sig-
nificantly shortened the extraction duration(from 3 h to
3 min) and improved the yields. For instance, the yields

of baicalin ,wogonoside , baicalein and wogonin were en-

hanced by 8.3% ,11.8% ,5.0% and 2. 8% , respec-

tively.
Table 3 Comparison of flavonoids yields obtained by IL-
MAE and SRE(n =3)
Compound IL-MAE (mg/g) SRE(mg/g)
Baicalin 90.01 83.13
Wogonoside 20.19 18.07
Baicalein 16.69 15.90
Wogonin 5.36 5.22
Conclusion

In this study,IL-MAE conditions were optimized for the
extraction of 4 flavonoids ( baicalin,, wogonoside , baica-
lein and wogonin) in SRS. The optimal IL-MAE condi-
tions were as follows : the IL solvent was 1.0 M 1-butyl-

3-Methylimidazolium bromide( [ C,min | Br) ,the ratio

of solid/liquid (g/mL)was 1: 100, the extraction dura-
tion was 180 s, and microwave power was 264 W. In
addition ,a HPLC method was developed and validated
for the simultaneous determination of 4 flavonoids in
SRS. The established HPLC method was found to be
simple, stable and accurate,and it can be used for the

simultaneous determination of the 4 flavonoids in SRS.
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