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Determination of 29 Chemical Constituents in the QingGanSanJie
Decoction by Accelerated Solvent Extraction and HPLC-ESI-TOF MS
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Abstract: QingGanSan]ie decoction (QGS]J), which consists of 14 different herbs, is a
multiherbal formula for liver cancer that is administered in different combinations based
on experimental observations and clinical experiences from long-term applications. A
method based on accelerated solvent extraction (ASE) followed by high-performance lig-
uid chromatography (HPLC) coupled with electrospray time-of-flight mass spectrome-
try (ESI-TOF MS) were established for simultaneous determination of 29 chemical com-
ponents in QGSJ. The operational parameters of ASE, including the extraction solvent
(70% ethanol), extraction temperature (100 °C), static extraction time (5 min), and
extraction cycles (two cycles) were optimized by orthogonal design and principal compo-
nent analysis. HPLC separation was performed on a Kromasil C18 HPLC column with a
linear gradient mobile phase system. TOF MS was set in negative ion mode with a de-
tector range of m/z 100-1 100. The results show that 29 compounds in the QGS]J have
good linearity (v>>0.994), and intra-day and inter-day precision (relative standard devi-
ation) are less than 5%. The extraction recoveries of the 29 compounds range from
96.5% to 104.5%. The method is rapid and reliable, which is suitable for the quantita-
tive evaluation of multiherbal traditional Chinese medicine.
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Hepatocellular carcinoma (HCC) is the
fifth most common cancer worldwide and the
third largest cause of cancer-related deaths due

to its high mortality and recurrence rates'*,

Traditional Chinese medicine ( TCM) makes
use of a synergistic therapeutic approach for
healing liver cancer, which differs greatly
from Western medicine approaches. It also
has certain advantages with regard to allevia-
ting patient symptoms and enhancing the sur-

QingGanSan]ie decoction (QGS])

is a multiherbal decoction that is administered

vival rate.

in different combinations based on experimen-
tal observations and clinical experiences from
long-term applications in liver cancer. It is
composed of 14 herbs, including the 4 mon-
archs Actinidia valvata Dunn (contains ursol-
ic acid and asiatic acid), Salvia Chinensis
Benth (contains oleanolic acid) , Herba Hed y-
otidis Diffusae (contains oleanolic acid, ursol-

ic acid, kaempferol, and quercetin), and Por-

IR FW IR T 20 MY BB RIF PSR (r>0.990 il H
P9 . B )RS 2 B (RSD<C5 %60 5 38 B R 7E 96. 5% ~104. 5% Z ] .
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tulaca grandiflora Hook (contains scutella-
rin, baicalein, apigenin) with the effects of
heat and dampness, stasis removal, and de-
toxification; the 3 minister herbs Poria, Rhi-
zoma Atractylodis Macrocephalae, and Gano-
derma lucidum with the effects of supporting
vital qi, dispelling pathogenic qi, fortifying
the spleen, and regulating qi; the 6 assistants
Akebia quinata Decne ( contains oleanolic
acid) , Ardisia japonica Blume (contains ber-
genin) , Bupleurm chinense DC (contains sai-
kosaponin A, B,, B, C, D), Radix Scutellar-
iae Baicalensis (contains flavonoids such as
baicalin, wogonoside, baicalein, and wogo-
nin), Artemisia capillaries Thunb (contains
and Herba Sedi

(contain chlorogenic acid and luteolin) with

coumarins ) , Sarmentosi
the effects of soothing and rectifying the liver,
and the guide Radix Glycyrrhizae (liquiritin,
isoliquritin, glycyrrhizic acid, and glycyrrhet-

inic acid) with the effects of reconciling the
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various drugs and reducing toxicity. QGS]J has
mainly been used for the treatment of primary
liver cancer. Based on years of research and
observation, it is found to significantly
improve liver function, relieve symptoms in
patients, inhibit the growth of HCC, inhibit
tumor metastasis and recurrence, and improve
the survival rate of patients. The efficacy of
TCM is generally determined by its chemical
composition, therefore, it is very important to
develop a sensitive and effective method for
qualitatively and quantitatively analyzing the
major constituents in QGSJ. This can reflect
the overall distribution of each component in
the Chinese herbal compound. In addition,
using pharmacodynamics studies to clarify the
specific role of individual components will be
extremely valuable for the development of
simpler and more effective Chinese herbal pre-
scriptions.

The traditional liquid chromatographic
separation method can be used to identify a
single compound in a multiherbal therapy or
several components in a single herb, which
does not meet the requirements of multiple
components analysis in the QGS] prescrip-
tion. With the advantages of accurate mass
measurement and fragmented ion abundance
information, time-of-flight mass spectrometry
(TOF MS) has received increasing attention.
Importantly, most of the compounds to be
detected in TCM exhibit high sensitivity in
TOF MS analysis.
combination of HPLC with TOF MS has com-

monly been considered an appropriate method

As a consequence, the

for the qualitative and quantitative analysis of
multiherbal TCMsH™,

Accelerated solvent extraction (ASE) is
thought to be an attractive and preferred ex-
traction method because it has higher extrac-
tion efficiency with lower solvent volumes and
a shorter extraction time compared to other

conventional extraction technologies, such as

liquid-liquid extraction and Soxhlet extrac-
tion. In addition, the solvent can penetrate in-
to the matrix more easily under conditions of
high pressure and temperature. Moreover, it
has variable parameters including extraction
temperature, static extraction time, extrac-
tion cycle, extraction volume, flush volume,
and nitrogen purge time. This procedure has
been used for the extraction of a variety of
compounds in recent years, including in envi-

ts12) - However,

ronmental and food studies
very few researches reported its utilization in
combination with modern analytical techniques
in the analysis of TCMM*1%),

The aim of the present study was to es-
tablish a reliable HPLC-TOF MS method for
the quantitative determination of 29 com-
pounds in QGS]J using an optimized ASE ap-
proach (e. g., composition of extraction sol-
vent, temperature, pressure, and number of
cycles), with the goal of providing a practical
approach for the simultaneous analysis of com-

ponents in multiherbal therapies.

1 Materials and Methods
1.1 Materials and Reagents

QGS]J consists of 14 herbs, including Ac-
tinidia valvata Dunn, Salvia chinensis
Benth, Akebia quinata Decne, Ardisia japon-
ica Blume, Herba Hedyotidis Diffusae, Por-
tulaca grandiflora Hook, Bupleurm chinense
DC, Radix Scutellariae Baicalensis, Poria,
Rhizoma Atractylodis Macrocephalae, Arte-
misia capillaris Thunb, Herba Sedi Sarmen-
tosi, Ganoderma lucidum , Radix Glycyrrhi-
zae , all of which were purchased from Shang-
hai Qingpu Chinese medicine decoction pieces
Company (Shanghai, China) in compliance
China

(2010). The purchases were authenticated by

with the Pharmacopoeia standards
Professor Sun from the Department of Phar-
macognosy at the Second Military Medical

University.
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29 component standards including chloro- 4-10 C.
genic acid, rosmarinic acid, 3,4-dihydroxy- 1.2.3 Extraction of QGS] Sample An ASE

benzoic acid, catechin, epicatechin, catechin
gallate, oleanolic acid, ursolic acid, asiatic
acid, quercetin, kaempferol, apigenin, luteo-
lin, naringin, naringenin, bergenin, baicalin,
wogonoside, scutellarin, baicalein, wogonin,
saikosaponin A, saikosaponin B,. saikosapo-
nin C, saikosaponin D, liquiritigenin, glycyr-
rhizic acid, liquiritin, isoliquiritin, and three
internal standards (puerarin, ginsenoside Re,
ginsenoside Ry, ) were purchased from Chengdu
Must Bio-Technology Co., Ltd (Sichuan, China,
purity is greater than 98%). Methanol and aceto-
nitrile (HPLC grade, Honeywell, USA), formic
acid (HPLC grade, Sigma, USA) and ultra-
pure-water were used for all of the analyses.
1.2 Sample Preparation

1.2.1 Mixed stand-

ard stock solutions were prepared by dissol-

Standards Preparation

ving 18 pure compounds in 50 mL methanol,
including 3,4-dihydroxybenzoic acid, cate-
chin, liquiritin, and glycyrrhizic acid. Berge-
nin, chlorogenic acid, baicalin, ursolic acid,
and an additional eleven compounds were pre-
pared by dissolving each pure compound (ac-
curately weighted) in 10 mL methanol or 70%
ethanol. The standard working solutions used
for calibration were constructed by diluting
the above standard stock solutions into 25 mlL
methanol to the desired concentrations. All of
the solutions were stored at 4-10 C.

1.2.2 Internal Standard Solution Prepara-
tion  Stock solutions of the three internal
standards, puerarin, ginsenoside Re, and gin-
senoside R, were prepared by dissolving
10 mg (accurately weighed) of each compound
in 10 mL. methanol. Mixed internal standard
solutions, including 99.50 mg/L puerarin,
88. 80 mg/L ginsenoside Re, and 108.5 mg/L
ginsenoside R,; , were prepared by mixing the
above internal standard stock solution in

10 mL methanol, all of which were stored at

350 System (Diane, USA) was used for pres-
surized liquid extraction. Following the recipe
of QGS]J, 220 g mixed herbs (one prescription
dose) was crushed and grinded. The resulting
mixed powder (5 g) was placed into a 66 mL
stainless steel ASE vessel with a cellulose
fiber filter capped at both ends. The sample
was extracted with 70% ethanol using the pre-
set conditions: 11.7 MPa pressure, 5 min
static extraction time, 100 C extraction tem-
perature, two cycles, 60% flush, 90 s purge.
The extracted solution was diluted to 100 mL
with 70% ethanol, and then filtered through a
0. 22 pm microporous membrane. A total of
9.5 mL filtrated solution was mixed homoge-
neously with 0.5 mL internal standard solu-
tion as a sample to inject into the HPLC sys-
tem.
1.3 LC-TOF MS Conditions

Quantitative analyses were performed
using an 1 100 series HPLC (Agilent Technol-
ogies, USA) equipped with an online degas-
ser, quaternary pump, autosampler, and col-
umn compartment. The TOF MS (6220 se-
ries, Agilent Technologies) was equipped
with a standard electrospray ionization source
and masshunter workstation B02. 00.

Chromatographic separation was achieved
under the following conditions. The separation
column was Kromasil C18 (2. 1 mm X 100 mm X
3.5 pm) maintained at 25 ‘C. The mobile
phase was composed of A (0.1% formic acid
in water) and B (0. 1% formic acid in metha-
nol) with a solvent flow rate of 0. 2 mL/min.
The LC gradient condition was as follows: 0-4
min (85%-60%A), 4-30 min (60%-17%A).
The injection volume was 1 pl. with 10 min as
the re-equilibration time among each run.
Chromatograms of 29 mixed ingredients with
internal standards were illustrated in Figure 1.
The TOF MS conditions were set as follows:
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Fig.1 BPC of standards (a) and Qinggansanjie extract (b) by LC-TOF MS in negative mode

276 kPa nebulizer, 10 L/min drying gas flow
rate, 350 °C drying gas temperature, 3 500 V
capillary voltage, and 200 V fragmentor volt-
age. The MS spectra were acquired in full
scan mode over a range of m/x 110-1 000
through an extended dynamic range in nega-
tive ion mode, and the mass axis was calibra-
ted by the reference solutions including m/z
112. 985 5 and m/=z 1 033.988 1.
1.4 Statistical Analysis

To explore different extracting factors of
ASE, PASW 18 Predictive Analytics Software
18 (PASW 18) was used to design the orthog-
onal experiment, evaluate the effects, and
optimize the conditions. One-way analysis of
variance (ANOVA) was utilized to evaluate
significant differences (p<C0.05) among parame-
ters. Principal component analysis (PCA) was
applied to investigate the variations within this
large data set (29 chemical constituents in the
QGS]J extract) by reducing the raw sample
[17]

data size The equation of total principal

component score was defined as:
Y=a,F,+a,F,+ a;F;. - +a,F,
where Y is the total score, a; is the contribu-
tion coefficient of every principal component,
F. is the obtained principal component by PCA
as noted below :
Fi=m,Z,+ myZ,+ -+ my,Z
where m; is coefficient of variance, and Z is
the standardized content of 29 compounds in
the QGS]J extract determined using PASW 18.

2 Results and Discussion
2.1 Optimization of ASE Conditions

An orthogonal experiment was employed
to optimize the ASE conditions by choosing
seven factors, including extraction solvent
(A), extraction temperature (B), static ex-
traction time (C), extraction cycle (D), ex-
traction volume (E), flush volume (F), and
nitrogen purge time (G). The above men-
tioned factors, corresponding levels, and or-

thogonal designs L5 (3") were shown in Table 1.
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The mixed herbal powder (5 g) was extracted
according to the orthogonal design conditions.,
and the combined extracts were dissolved in
100 mL of 70% ethanol. The internal stand-
ard solution (0.5 mL) and extraction solution
(9.5 mL) were added to a 10 mL volumetric
flask for LC-TOF MS analysis. Because of the

complexity of the chemical constituents in
QGS]J, which consists of triterpenoids, fla-
vonoids, saponins, and other chemical compo-
nents with similar structures and solubilities,
PCA was applied to reduce dimensions of raw
data. A total of 18 experiments were designed

by the orthogonal method, as noted in Table 1.

Table 1 Factors in the orthogonal design for the optimization of extraction conditions

Solvent Extraction Extraction Cyeles Extraction Flush Nitrogen PCA
No. temperature/ time/min volume/mL volume/ % purge time/s
(A) (D) score
C (B) © (E) (F) (G)
1 H,O 50 5 22 40 30 —4.768
2 75 10 33 50 60 —3.217
3 100 15 66 60 90 0. 544
4 Methanol 50 5 33 60 90 —0. 068
5 75 10 66 40 30 1. 298
6 100 15 22 50 60 0. 656
7 70 % Ethanol 50 10 66 50 90 1.481
8 75 15 22 60 30 3.200
9 100 5 33 40 60 3. 630
10 H,O 50 15 33 50 30 —4.701
11 75 5 66 60 60 —2.596
12 100 10 22 40 90 —3. 370
13 Methanol 50 10 22 60 60 —0. 851
14 75 15 33 40 90 —0.429
15 100 5 66 50 30 2.901
16 70 % Ethanol 50 15 66 40 60 1.571
17 75 5 22 50 90 2.424
18 100 10 33 60 30 2.297

2.2 Statistical Analysis

The results of the 29 variables and 18
samples obtained from PCA analysis showed
that 4 principal components explained 89. 77
of the total variance, component 1 (F,) ex-
plained 58. 08, component 2 (F,) explained
18. 63, component 3 (Fy) explained 8. 19, and
component 4 (F,) explained 4. 86. The last equa-
tion was Y = 0. 647F, + 0. 208F, + 0. 091F, +

0.054F,, F, =0.034Z, +0.047Z, + 0. 231Z; +
«+0.221Z,, F,=0.212Z, +0.360Z, —0.021Z,
+ee—0. 1537, F3=0.231Z, —0. 0487, —0. 11Z,
+++—0.026Z,, F,=—0.515Z, +1. 1427, —
0. 041754+ +0. 26 Zy.

Figure 2 is the loading scatter plot from
the first two PCs, which explained 76. 71% of

the total variance, indicating that variables far

from the original point play an important role
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Fig. 2 Loading scatter plot of the first two PCs

in the classification of various samples. The

results showed that flavonoids, including
wogonoside, scutellarin, baicalein, chlorogen-
ic acid, and rosmarinic acid, are located in the
upper right quadrant of the plot and are more
related to the positive side of PC1 and PC2. In
addition, triterpenoid acids, including oleanol-
ic acid, ursolic acid, and asiatic acid, are loca-
ted in the lower right quadrant and are highly
oriented towards the positive side of PCI1.

According to the statistical analysis from
PASW software, factors A and B were the
most significant ( p<C0.05) among the seven
factors, followed by factors E and F; other
factors had less influence. Considering the
fact that extraction cycles 2 and 3 had no sig-
nificant difference, the optimum extraction
conditions were determined to be as follows:
70% ethanol as extraction solvent, 66 mL ex-
traction volume, 5 min static extraction time,
100 °C extraction temperature, two extraction
cycle, 60% flush volume, and 90 s nitrogen
purge time.
2.3 Optimization of the LC-TOF MS Condi-
tions

TOF MS does not have the ability to sep-

arate isomers in QGSJ such as catechin and

epicatechin, liquiritin and isoliquiritin, apige-
nin and baicalein, luteolin and kaempferol,
and oleanolic acid and ursolic acid. Thus, in
order to efficiently separate these isomers,
four different chromatographic columns were
compared, including Agilent SB C18 (3.0 mm X
100 mm X 3.5 pm), Waters Xterra Rp-C18
(3.0 mmXx100 mmX3.5 pm), MG C18 (3.0
mmX 100 mm X 3.0 ym), and Kromasil C18
(2.1 mm X 100 mm X 3.5 pm). Eventually,
the Kromasil C18 column was selected to be
the most suitable chromatographic column for
separation of all isomers. Oleanolic acid and
ursolic acid could achieve baseline separation
after 50 min when the mobile phase was 0. 1%
formic acid in methanol and 0. 1% formic acid
in water with gradient elution.

MS signals from the target compounds
determined in negative ion mode were better
than those in the positive mode. Because
oleanolic acid and ursolic acid were difficult to
deprotonate under the electrospray ionization
source, three operating parameters were opti-
mized, including 276 kPa nebulizer gas, 10
L/min drying gas flow rate, and 200 V frag-
mentor voltage to ensure high responses from

both oleanolic acid and ursolic acid.
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2.4 Selection of the Internal Standard
Because of the complex constitution,
wide polarity distribution, and different MS
responses from target compounds in the QGS]J
decoction, there was a possibility that various
known or unknown factors could interfere
Therefore,

selection of the internal standard was very

with the quantitative analysis.

important for eliminating interference and
errors. Puerarin, ginsenoside R., and ginsen-
oside Ry, had a good mass response in the neg-
ative ion mode, and their retention times were
distributed in three time periods (0-12 min,
12-24 min, and 24-55 min), which were in ex-
act accordance with the retention time of 29
analytes. Thus, they were chosen as standard
compounds for our analysis.

2.5 Method Validation

2.5.1 Mixed

standard solutions were diluted to the desired

Linearity and Sensitivity

concentrations with methanol after adding 0. 5
ml. of the mixed internal standard solutions.
The concentration ranges of the calibration
curve were listed in Table 2. According to the
LC-TOF MS above mentioned conditions,
each calibration curve was constructed by run-
ning samples under different concentrations in
triplicate, and the standard total ion spectrum
was observed, as shown in Figure la. The
standard curve was expressed as y=ax + b,
where x represents the concentration log-
arithm of baicalin, asiatic acid, oleanolic acid,
and ursolic acid; and y represents the peak ar-
ea ratio logarithm of the above standards to
the corresponding internal standard. For other
standards, x represents the concentration of
these compounds, and y represents the peak
area ratio of these compounds to the corre-
sponding internal standard. Eventually, the
correlation coefficient » was used to evaluate
the correlation of the standard curve, showing

a good linear relationship (#>>0.994) for the

test compounds within the above concentra-
tion ranges. The limit of quantification
(LOQ) was determined as the lowest concen-
tration of the standard curve with a signal-to-
noise (S/N) ratio>>10, and the limit of detec-
tion (LOD) was defined as the concentration
of each compound with a S/N ratio > 3; the
results are shown in Table 2.

2.5.2 Precision The intra-day and inter-
day precision were determined by testing the
29 quality control samples at high, median,
and low concentration levels. Each sample
was analyzed in triplicate on the same day for
determination of intraday precision. Inter-day
precision was calculated by testing each sam-
ple on three different validation days. The
overall intra-day and inter-day variabilities
were lower than 5% relative standard devia-
tion (RSD) for all of the compounds.

2.5.3 Reproducibility = The reproducibility
of the method was measured by running six
samples, which were extracted six times using
the same method. The RSD of reproducibility
was less than 5% for all of the components.
2.5.4 Stability

(5 g) was extracted and analyzed for stability

The mixed herbal powder

according to the protocols in sections 2. 2.3
and 2.3 at 0, 2,4, 8, 12, 24 h. The RSD was
less than 5%, indicating good stability within
24 h of extraction.

2.5.5 Recovery The recoveries were per-
formed by adding a known amount (80% ,
100% and 120% of the original content) of all
reference compounds into 2.5 g of the mixed
herbal powder, after which the mixture was
extracted and analyzed according to the proce-
dure described in sections 2. 2. 3 and 2. 3; this
was repeated three times at every level. The
using the developed analytical
method ranged from 96. 5% to 104. 5% for the

29 compounds.

recoveries
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2.6 Sample Determination

The mixed herbal powder (5 g) was ex-
tracted and analyzed using the validated meth-
od, and the amounts of the 29 compounds in
the extracted solution were calculated, as
shown in table 3. The amounts of oleanolic
acid, ursolic acid, and asiatic acid as triterpe-
noids are high (227.4 nug/g, 428.2 pg/g, and
148.2 pg/g. respectively) in monarch herbs

including Actinidia Valvata Dunn, Salvia
chinensis Benth, and Herba Hedyotidis Diffu-
sae. Flavonoids like scutellarin (174.9 pg/g),
baicalin (4 440 pg/g), wogonoside (1 161
ng/g) s baicalein (669.0 pg/g), and wogonin
(208.6 pg/g) are mainly from Portulaca
grandi flora Hook and Radix Scutellariae
Baicalensis. Triterpenoid saponins like saiko-

saponin A (131.1 pg/g) and saikosaponin D

Table 3 Contents of 29 components in Qinggansanjie decoction determined by LC-TOF MS

Content/(pg/g) Average value/
Compounds RSD/ %
5.004 g 5.001 g 5.002 g (pg/®)

Protocatechuic 57.46 53. 86 55.62 55. 65 3.2
Bergenin 823.1 832.1 836.5 830. 5 0.8
Catechin 11. 31 12.17 11. 74 11.74 3.7

Chlorogenic acid 169. 5 170. 0 184. 3 174. 6 4.8
Epigallocatechin gallate 27.99 27.01 27.21 27. 40 1.9
Epicatechin 5. 325 5.521 5.393 5.413 1.8
Liquiritin 55. 86 56. 95 54. 90 55.91 1.8
Scutellarin 173.2 172.3 179. 1 174.9 2.1
Naringin 56. 36 51. 86 54. 82 54. 34 4.2
Rosmarinic acid 36.98 40. 35 37.96 38.43 4.5
Isoliquritin 7.787 8.010 7.383 7.727 4.1

Liquiritigenin 3. 465 3.651 3.784 3.633 4.4
Baicalin 4421 4257 4642 4440 4.4
Quercetin 24. 33 25.54 24.61 24. 83 2.6

Naringenin 9. 807 10. 283 9. 896 9.995 2.5
Luteolin 25. 44 23.93 24.99 24.79 3.1
Wogonoside 1138 1130 1216 1161 4.1
Kaempferol 4.431 4.610 4.235 4.425 4.2
Apigenin 29.02 30. 50 29. 46 29. 66 2.6
Baicalein 651.0 650. 7 705.2 669. 0 4.7
Wogonin 203. 9 208. 1 213.7 208. 6 2.4
Saikosaponin C 7.149 7.148 7.597 7.298 3.5
Glycyrrhizic acid 193.5 184.3 188. 8 188.9 2.4
Saikosaponin A 127.0 130. 2 136. 2 131.1 3.5
Asiatic acid 155.7 143.0 145.9 148. 2 4.5
Saikosaponin B, 1. 829 1. 950 1. 834 1. 871 3.7
Saikosaponin D 78.06 79.43 81. 31 79. 60 2.1
Oleanolic acid 225.2 220.9 236.1 227.4 3.4
Ursolic acid 412.9 437.0 434.7 428.2 3.1
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(79.60 pg/g) are from Bupleurm chinense
DC. Other chemical constituents such as chlo-
rogenic acid (174. 6 pg/g) are from Herba Se-
di Sarmentosi, and bergenin (830.5 pg/g) is
from Ardisia japonica Blume. Due to the
small ratio of Radix glycyrrhizae in the
extract, the amounts of liquiritigenin (3.6
ng/g) and isoliquiritin (7.7 pg/g) are the
smallest.

LC-TOF MS has good resolving capabili-
ty and high sensitivity for the simultaneous
quantification of compounds in complex sam-
ples. A comparison between TOF MS and UV
detection in the quantitative analysis of ex-
tracts was performed by Ref, and showed that
TOF MS detection had better sensitivity. The
mass response was also significantly influ-
enced by a number of factors due to its higher
sensitivity. However, the precision of TOF
MS detection was inferior to that of UV detec-
tion, and ranged from 2% to 5% due to the
low concentration of the analytes. Finally, the
TOF MS detector showed excellent ion selec-
tivity so that some unknown interference in
the multicomponent detection could be avoi-
ded. Generally speaking, TOF MS detection
provided an accurate and reliable method for

the simultaneous quantitative analysis of the

QGS]J decoction.

3 Concluding Remarks

In this study, a rapid and sensitive meth-
od was established by combining LC-TOF MS
and ASE for the simultaneous determination
of QGSJ components with high selectivity. In
addition, seven ASE extracting conditions
were optimized using an orthogonal design,
and PCA was used to reduce large variations
in the data. The validation process demonstra-
ted a rapid and simple method with good line-
arity, accuracy. repeatability, selectivity, and
recovery. Therefore, the method is helpful for

the identification and quantification of the

multiple components of TCM.,

Thanks: We are grateful to Guo-rong Fan
from Department of Pharmaceutical Analysis
of Second Military Medical University for pro-
viding ASE instrument and technical support

in this study.
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