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KEY WORDS Abstract An effective herbal medicinal prescription of Shengjiang Xiexin decoction (SXD) was used in
treating the inflammatory bowel disease in clinic. In this study, an ultrafast liquid chromatography—tandem

Inflammatory bowel . .
mass spectrometry (UFLC-MS/MS) method was developed to separate and to simultaneously determine

Q?llaSl?:‘ysec’omrol; 14 major active ingredients in SXD. Chromatographic separation was successfully accomplished on an
UFLC-MS/MS; Acquity BEH C18 (100 mm x 2.1 mm, 1.7 pm) column using gradient elution with 0.1% (v/v) formic acid
Determination; water (A) and 0.1% (v/v) formic acid in methanol (B). Negative and positive electrospray ionization
Shengjiang Xiexin tandem mass spectrometry was used to detect the 14 analytes using its selective reaction monitoring

decoction (SRM) mode. A good linear regression relationship for each analyte was obtained over the range from

3.88 ng/mL to 4080 ng/mL. The precision was evaluated by intra- and inter-day assays with a relative
standard deviation (RSD) of less than 6.25%. The recovery measured at three concentration levels varied
from 98.72% to 103.47%. The overall limits of quantification (LOQ) ranged from 2.05 ng/mL to
4.72 ng/mL. The method was successfully implemented in the qualitative and quantitative analyses of the
14 chemical constituents in SXD. The results showed that the developed UFLC-MS/MS method was
linear and accurate. The method could be used reliably as a quality control method for SXD.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory and
destructive disease of the gastrointestinal tract. The chronically
active inflammation causes ulcerations, stricture formations, and
perforations; it is also a risk factor for the development of
colorectal cancer. The current treatments for IBD are not always
effective, because they are non-specific, and often accompanied by
serious side effects'™. At present, there is an urgent need to
identify new therapeutics to replace the traditional therapies.
Shengjiang Xiexin decoction (SXD), a traditional Chinese medi-
cine prescribed in Shang Han Lun, is commonly used to treat
gastroenteritis, ~gastrointestinal mucositis, diarrhea, digestive
ulcers, and functional dyspepsia in integrated traditional and
western medicine departments™”. SXD has been proven to be a
potential prescription to manage IBD, and to date, no side effects
have been seen in clinical presentation®.

The favorable efficacy is likely a result of the synergistic effect
of multiple components in the preparation. Pharmacological
studies”™'* have shown that 6-gingerol from Zingiberis Rhizoma
and Zingiberis Recens Rhizoma, baicalin, baicalein and wogonin
from Scutellariae Radix, berberine, epiberberine and palmatine
from Coptidis Rhizoma, trigonelline from Pinelliae Rhizoma,
liquiritin from Glycyrrhizae Radix et Rhizoma, and lobetyolin
from Codonopsis Radix play important roles in anti-viral, anti-

OH O
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oxidative, anti-microbial, antibacterial, and anti-inflammatory
activities, which all contribute to the IBD therapy. Rutin, oleanolic
acid, betulinic acid, and ursolic acid from Jujubae Fructus were
medicine food homology that can also produce remarkable
pharmacological effects'™™"?.

Other reports””~ also indicated that some components in SXD
may contribute significantly to the anti-inflammatory bowel
disease efficacy of this prescription. However, a detailed study
on the profile of constituents of SXD formula has not yet been
conducted. To investigate the relationship between the efficacy and
chemical contents, as well as quality control of SXD, the active
constituents of SXD should be determined.

Several methods have been described in previous publications for
the detection of the quantity of some of the active ingredients in
SXD. The HPLC method has been described to measure baicalin,
glycyrrhizic acid, berberine, palmatine, and wogonin in kampo
medicines”. GC-MS technology has also been applied in the
quantification of volatile constituents derived from Glycyrrhizae
Radix et Rhizoma®. However, other active constituents, such as
6-gingerol, baicalein, epiberberine, trigonelline, liquiritin, lobetyo-
lin, rutin, oleanolic acid, betulinic acid, and ursolic acid—all having
notable pharmacological effects—have not been investigated to
date. Furthermore, an ion-pair HPLC method has been reported for
the simultaneous determination of baicalin, baicalein, wogonoside,
wogonin, berberine, coptisine, jatrorrhizine, palmatine, and
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Figure 1 Chemical structures of the 14 compounds.



Fourteen constituents of Shengjiang Xiexin decoction by UFLC-MS/MS 195

glycyrrhizin in some widely used kampo medicines in Japan, such
as Hangeshashin-to>>*°. However, the reported HPLC method was
time-consuming and insensitive. Thus, the qualitative and quantita-
tive analyses of components in SXD are still a challenge. Recently,
the ultra-performance liquid chromatography tandem—mass spectro-
metry (UPLC-MS/MS) has been used to separate and quantitatively
analyze the active components of the kampo medicines. The
UPLC-MS/MS system utilizes UPLC and triple quadrupole detec-
tion, and has the benefit of the high resolution and high selectivity
due to ultra-pressured elution, high peak capacity, and multiple ion
detection based on selective ion fragmentation”’ . In this study, a
simple and sensitive UFLC-MS/MS method was established and
validated for the simultaneous determination of the active constitu-
ents in SXD, including 6-gingerol, baicalin, baicalein, wogonin,
epiberberine, trigonelline, liquiritin, lobetyolin, rutin, oleanolic acid,
betulinic acid, ursolic acid, berberine, and palmatine, which has the
advantages of high selectivity, short analysis time, high sample
throughput and low limit of quantitation.

2. Experimental sections
2.1.  Chemicals and materials

Analytically standard 6-gingerol, baicalin, baicalein, wogonin,
epiberberine, trigonelline, liquiritin, lobetyolin, rutin, oleanolic
acid, betulinic acid, ursolic acid, berberine, palmatine, and
carbamazepine (internal standard) with purities of over 98.0%
were purchased from the Chinese National Institute for Control of
Pharmaceutical and Biological Products (Beijing, China). The
chemical structures of these compounds are shown in Fig. 1.
Formic acid and methanol of HPLC-grade were purchased from
Merck (Darmstadt, Germany). All other reagents were also of
analytical grade. Deionized water for UFLC analysis was prepared
with a Millipore water purification system (Millipore, Bedford,
MA, USA). Zingiberis Rhizoma and Zingiberis Recens Rhizoma
(collected in Shandong Province, China), Jujubae Fructus (col-
lected in Henan Province, China), Codonopsis Radix (collected in
Shanxi Province, China), Scutellariae Radix (collected in Hebei
Province, China), Pinelliae Rhizoma (collected in Hebei Province,
China), Glycyrrhizae Radix et Rhizoma (collected in Ningxia
Province, China), and Coptidis Rhizoma (collected in Hubei
Province, China) were purchased from Beijing Tong Ren Tang
Group Co., Ltd. (Beijing, China), and were authenticated by Dr.
Yulin Lin. The test decoctions of SXD1 (batch No. 20150622),
SXD2 (batch No. 20150710), SXD3 (batch No. 20150719), SXD4
(batch No. 20150730), SXD5 (batch No. 20150812), and SXD6
(batch No. 20150820) were prepared by our own laboratory
technicians from different batches of eight crude drugs.

2.2. UFLC-MS/MS conditions

The separation was carried out on an Acquity BEH CI18
(100 mm x 2.1 mm, 1.7 pm; Waters, Milford, MA, USA) analy-
tical column coupled with a column filter. The column and auto-
sampler were maintained at 30 °C and 10 °C, respectively.
Mobile phase was a mixture of 0.1% (v/v) formic acid water
(A) and 0.1% (v/v) formic acid in methanol (B) at a flow rate of
0.2 mL/min. The gradient program consisted of an initial linear
increase from 20% to 70% of B over 2 min and increased to 90%
of B over 4 min, which was maintained for 6 min, followed by a
return to the initial conditions over 3 min. The samples were kept

at 10 °C in the auto-sampler, and a volume of 10 pL was injected
using full loop injection.

The UFLC system was coupled with an AB SCIEX 5500
Q-Trap mass detector operating in both negative and positive ion
modes. Each analyte was set up for MS/MS detection in different
time segments. The experimental conditions for the operation of
the instrument were optimized by direct infusion of the 14
compounds individually. Optimal conditions determined were as
the follows: ion spray voltage, 5500 V; curtain gas pressure,
20 psi; nebulizer gas (Gas 1), 40 psi; auxiliary gas (Gas 2), 60 psi,
source temperature, 550 °C; and channel electron multiplier
(CEM), 2100 V. The quadrupole was set to maximum resolution:
precursor ion to production transitions were detected from
mlz 136.0/66 (trigonelline) to m/z 609.2/300.0 (rutin), the para-
meters of a collision energy (—2 to—9 V), entrance potential
(—12.5 to —3.8 V), collision cell exit potential (—42 to —6 V),
and declustering potential (—289 to —21 V) were set in the
negative ion mode, and the positive ion mode for epiberberine,
berberine and palmatine were set at collision energy (30-40 V),
entrance potential (8—10 V), collision cell exit potential (10-15 V),
and declustering potential (80-100 V) (Table 1). All data were
recorded and processed using an Analyst 1.6 software (AB
SCIEX).

2.3.  Preparation of standard solutions

Stock standard solutions were prepared by dissolving each
standard of the SXD components in methanol. Standard mixtures
of baicalin, baicalein, wogonin, epiberberine, trigonelline, liquir-
itin, lobetyolin, rutin, oleanolic acid, betulinic acid, ursolic acid,
berberine, and palmatine were prepared separately by diluting the
individual stock standard solution in a 65% methanol solution to
provide a series of concentrations in the ranges of 3.88-970 ng/mL
to 16.32—4080 ng/mL. The internal standard carbamazepine was
added to each vial at a concentration of 100.0 ng/mL. Calibration
curves were plotted after the linear regression of the ratios of the
peak areas of the analytes to those of the internal standard. Each
line was based on six standard concentrations.

Table 1 Optimal conditions for SRM transitions of 14
components and carbamazepine (I.S.).

Compd. m/z DP EP CE CXP
Rutin 609.2-300.0 —234 -85 —48 —13
Baicalein 269.0-136.9 —218 —-72 —40 —16
Trigonelline 136.0-66.0 —289 —-67 —18 —6

Lobetyolin 3954-2269 -—-21 —11.8 —-33 -24

455.3-407.5 —-201 —-83 —54 -8
455.4-373.1 —196 —112 —-62 —42
455.4-2553 —185 —-103 —-10 —17

Oleanolic acid
Ursolic acid
Betulinic acid

Epiberberine 336.2-263.0 100 10 30 15

Baicalin 445.2-269.0 —128 —-105 —-32 —13
Wogonin 283.3-2680 —114 —-38 —24 —12
Berberine 336.1-320.2 100 8.3 39 10.4
Liquiritin 417.1-2547 —-55 =73 =20 -—-24
Palmatine 352.2-336.2 80 8 40 10

6-Gingerol 293.1-1350 —166 —10.5 —30 —10

Carbamazepine 235.1-198.8 —108 —125 -9 —10
Carbamazepine 237.1-194.1 90 15 22 13

DP: declustering potential; EP: entrance potential; CE: collision
energy; CXP: collision cell exit potential.
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2.4.  Sample preparation

Eight crude herbal drugs (human daily dose of SXD: Zingiberis
Recens Rhizoma 12 g, Codonopsis Radix 9 g, Zingiberis Rhizoma
3 g, Scutellariae Radix 9 g, Coptidis Rhizoma 3 g, Pinelliae
Rhizoma 9 g, Glycyrrhizae Radix et Rhizoma 9 g and Jujubae
Fructus 12 g) were immersed in water for 15 min, and decocted
with 10-fold amount water for 30 min. After filtration, two
decoctions were combined and evaporated, and the mixture was
lyophilized. The lyophilized powder (0.5 g) was extracted with
25 mL of 65% methanol in an ultrasonic bath for 30 min, then the
solution (20 mg/mL) was diluted with water to 100-fold. The
obtained solution was filtered through a membrane filter (0.22 pm
pore size) prior to injection. Six sample preparations (SXDI-
SXD6) were made with different batches of eight crude drugs in
the same way.

The samples of Zingiberis Recens Rhizoma, Codonopsis Radix,
Zingiberis Rhizoma, Scutellariae Radix, Coptidis Rhizoma, and
Glycyrrhizae Radix et Rhizoma were prepared following the same
procedures for the negative control samples of SXD.

2.5.  Linearity-calibration range

The calibration curves were analyzed at six concentration levels by
the standard analysis. The mixed solutions were established by
mixing each level of the component standard solutions with the
same amount of internal standard (100 ng/mL). The LOD and
LOQ were calculated based on the signal to noise (S/N) ratio. The
LODs and LOQs were determined at an S/N ratios of 3 and 10,
respectively.

2.6.  Precision and accuracy

The analysis of intra- and inter-day precision and repeatability
were carried out by six repetitive injections. The intra- and inter-
day test was carried out in the same day and for three consecutive
days. The recovery test was performed by adding an accurate
amount of 14 standards to SXD in triplicate. The total concentra-
tions of the 14 components were determined at 75%, 100% and
125%, respectively. Concentration determination of each compo-
nent could not exceed the calibration range. The recovery
percentage (%) for all 14 components was calculated according
to the following equation: (Detected amount— Original amount)/
Spiked amount x 100.

2.7.  Repeatability and stability

Six samples were prepared to evaluate the repeatability. Sample
stability was assessed by analyzing three injections of a diluted
SXD sample at 0, 4, 8, 12 and 24 h, which was stored at 4 °C.

3. Results and discussion
3.1.  Optimization of MS/MS conditions

Mass spectrometric analysis was performed using an ESI interface,
and the SRM mode was applied for mass spectrometry signal
acquisition. Since the polarity of 14 analytes was quite different,
the ionization of these compounds was a challenge. Full scanning
in both positive and negative ion modes was investigated. It was

found that epiberberine, berberine, and palmatine were more
sensitive in the positive ion mode, and the molecular ions
[M+H]" provided higher intensity. Therefore, the base peak (the
highest peak) at m/z 336.2, 336.1, and 352.2 was selected as the
precursor ions for the detection of epiberberine, berberine, and
palmatine, respectively. The high-intensity product ions of other
components apart from berberine, epiberberine and palmatine were
observed in the negative mode. And, the mass response of
[M-H]™ in negative ion mode was more sensitive. Hence,
[[M-H]~ was employed as the precursor ion for 6-gingerol,
baicalin, baicalein, wogonin, trigonelline, liquiritin, lobetyolin,
rutin, oleanolic acid, betulinic acid, and ursolic acid. The positive/
negative ion-switching function was used to simultaneously
monitor the 14 active constituents in SXD in the same analytic
cycle (Fig. 2).

The collision energy was optimized to obtain the most abundant
product ions. The components produced [[M—H] ™~ with a collision
energy (—62 to —9 V) determined by optimization trials applied
to 6-gingerol, baicalin, baicalein, wogonin, trigonelline, liquiritin,
lobetyolin, rutin, oleanolic acid, betulinic acid, and ursolic acid.
But molecular ion [M+H]" with a collision energy (3040V)
determined by optimization trials applied to berberine, epiberber-
ine and palmatine ionized well in the positive ion mode (Table 1).

3.2.  Optimization of UFLC conditions

Based on the structure and polarity of the components in SXD, an
Acquity BEH C18 analytical column and a gradient elution with
mobile phase consisting of methanol and 0.1% formic acid were
chosen for separation. The formic acid was more effective in the
ionization of those compounds detected in both negative and
positive ESI modes, compared with the acetic acid. Thus, different
concentrations (0.05%, 0.1% and 0.2%) of formic acid were
investigated and 0.1% of formic acid was selected to be the
optimal concentration for ionization.

In general, the complete separation of all components is not
necessary in MS/MS detection. In this study, oleanolic acid,
betulinic acid and ursolic acid had the same molecular weight and
were detected by the different ions fragment. Therefore, a series of
water—methanol ratios in the mobile phase were necessary. Unfor-
tunately, the separation effect of oleanolic acid, betulinic acid, or
ursolic acid only improved slightly. After assaying the SXD
samples, the 14 components of SXD were finally separated on a
micro-bore C18 column with a particle size of 1.7 pm using the
mobile phase of water and methanol containing 0.1% formic acid.
Finally, the optimized gradient program consisted of an initial linear
increase from 20% to 70% of B over 2 min and increased to 90% of
B over 4 min, which was maintained for 6 min, followed by a return
to the initial conditions over 3 min. Separation of the 14 compo-
nents was achieved in a reasonable time.

3.3.  Optimization of the sample preparation

The concentrations of 60%, 65%, and 70% (v/v) methanol were
compared as the extracting solvent. It was found that there
were no significant differences among samples. All of the
solvents were able to produce complete extraction of all
components. However, the extraction efficiency was found
higher when using 65% methanol than using the other two
concentrations. Therefore, 65% methanol was chosen for
further extractions in this study. In addition, extraction time
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(15, 30, and 60 min) and extraction repetitions (1-3 times)
were the optimized conditions when using ultrasonication. It
was found that ultrasound extraction with 65% methanol for
30 min was the most effective condition that leads to a
complete extraction of SXD samples.

3.4.  Method validation

3.4.1.  Interference trial

The typical SRM chromatograms and the total ion chromatogram
(TIC) profiles obtained from standard solutions and extraction
SXD samples are shown in Figs. 24, respectively. The 14
components were proven to be sufficient for separation, and
determined in 15 min. The negative control samples of SXD

barely interfered with the SXD samples in the UFLC-MS/MS
conditions described previously.

3.4.2.  Linearity—calibration range

Table 2 shows the equations of the calibration curves and LOQs of
those components determined. All calibration curves showed good
linear regression (+*>0.99) within the test ranges from 3.88—
970 ng/mL to 16.32-4080 ng/mL. The assay data proved to be
linear and suitable for the quantitative analysis of SXD.

3.4.3.  Precision and accuracy

Table 3 shows the results of precision and accuracy tests. Calculated by
the calibration curves using an internal standard, it is clearly shown that
all the relative standard deviation (RSD) values for the concentrations
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Figure 3 SRM chromatograms of 14 analytes of the SXD1 sample mixed with carbamazepine (I.S.).

of the 14 compounds calculated by the calibration curves using an
internal standard were within 6.25%. The data indicate that the
precision of the method is acceptable.

3.4.4.  Repeatability and stability

Table 4 indicates that the RSD of repeatability tested is less than 5.21%
(RSD<5.21%). The stability of the 14 components at 4, 8, 12 and
24 h was acceptable with all samples having an RSD less than 5.63%
(RSD <5.63%). These results indicate that the sample solution was
stable for 24 h at 4 °C. The recovery of the developed method was
acceptable with good accuracy over the range 98.72% to 103.47%.

3.5.  Quantitative analysis of the 14 components in SXD

The described UFLC-MS/MS method was subsequently applied to
the evaluation of the 14 active compounds in SXD (SXD 1, 2, 3, 4,

5 and 6) using the same pretreatment process. Table 5 shows the
means and standard deviations of six injections for each sample
spiked with the internal standard.

The analytical results demonstrate that all 14 compounds were
detected from the six batches of SXD samples, although their
contents differed greatly from each other. Among the tes-
ted components, 6-gingerol (6.210 mg/g), baicalin (6.620 mg/g),
baicalein (15.300 mg/g), wogonin (60.552 mg/g), epiberberine
(7.230 mg/g), trigonelline (3.942 mg/g), liquiritin (2.330 mg/g),
lobetyolin (4.392 mg/g), berberine (7.220 mg/g), and palmatine
(6.665 mg/g) were determined as the main active compounds in
SXD1. Comparatively, the components such as rutin (0.0514 mg/g),
oleanolic acid (0.209 mg/g), betulinic acid (0.292 mg/g), and ursolic
acid (0.172 mg/g) that have relatively low concentrations were
observed and determined simultaneously. The differences in the
content of the compounds between different decoction batches
might have primarily resulted from the extraction time or
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Figure 4 Total ion chromatogram of 14 analytes of the (A reference compounds and (B) SXD1 sample: (1) trigonelline; (2) rutin; (3) baicalin;
(4) baicalein; (5) wogonin; (6) epiberberine; (7) liquiritin; (8) lobetyolin; (9) 6-gingerol; (10) berberine; (11) palmatine; (12) betulinic acid; (13)
oleanolic acid; (14) ursolic acid.

Table 2  Linear range, 7 and LOQ of calibration curve used in the determination of the 14 analytes (n=6).
Analyte Linear range (ng/mL) Calibrtion curve ” LOQ (ng/mL)
Rutin 4.04-1010 y=1.2x+4.99 0.9958 2.74
Baicalein 4.04-1010 y=0.235x+1.14 0.9979 2.63
Trigonelline 4.00-1000 y=0.000396x+0.0153 0.9981 2.41
Lobetyolin 3.96-990 y=0.00017x+0.0336 0.9919 2.05
Oleanolic acid 4.00-1000 y=0.0163x40.0371 0.9956 2.66
Ursolic acid 3.88-970 y=0.00104x+0.00828 0.9998 3.13
Betulinic acid 3.96-1000 y=4.76x+125 0.9909 3.25
Epiberberine 3.95-1010 y=0.0546x+82.6 0.9960 2.66
Baicalin 4.04-1010 y=4.55x+28.1 0.9995 2.16
Wogonin 16.32-4080 y=0.231x+1.6 0.9912 4.72
Berberine 4.05-1020 y=0.0131x+4.05 0.9957 2.78
Liquiritin 4.10-1030 y=0.000217x+0.0316 0.9983 2.47
Palmatine 4.08-1010 y=0.0524x+76.3 0.9979 2.92
6-Gingerol 4.15-1000 y=0.729x+764 0.9950 2.85
temperature variability during the decocting process. As a result,
Table 3  Intra- and inter-day precision for quantification of

Shengjiang Xiexin decoction.

Analyte Intra-day (n=6) Inter-day (n=3)
Mean RSD Mean RSD
(ng/ml) (%) (ng/mL) (%)
Rutin 509.33 2.13 497.15 2.67
Baicalein 503.27 2.89 512.17 3.17
Trigonelline  513.83 4.71 504.33 5.09
Lobetyolin 501.09 3.46 506.67 4.20
Oleanolic acid 515.17 5.80 518.67 6.25
Ursolic acid ~ 492.67 3.69 501.02 4.28
Betulinic acid 510.18 3.51 504.65 391
Epiberberine  501.61 3.77 511.50 4.23
Baicalin 498.55 2.89 508.45 3.55
Wogonin 2077.50 5.20 2093.98 5.89
Berberine 500.83 3.10 502.67 4.24
Liquiritin 503.92 4.23 496.02 5.57
Palmatine 501.98 3.44 501.15 4.15
6-Gingerol 517.32 3.36 511.83 4.50

prevention measures were implemented to avoid these effects.
Samples were filtered, evaporated and freeze-dried continuously
immediately upon the completion of boiling. The data were
analyzed using the SPSS 17.0 software. No significant differences
were observed in the content of the 14 compounds between the
6 SXD batches.

4. Conclusions

Fourteen active components in SXD were accurately quantified
using the UFLC-MS/MS method established above. For the first
time, the active components of SXD from eight crude herbal drugs
were thoroughly and simultaneously quantitatively analyzed by
UFLC-MS/MS. The developed method allows faster analysis and
offers a greater selectivity compared with the conventional HPLC
or GC methods used for the quantification of some of the
compounds discussed. This study has demonstrated the benefits
of establishing quality standards for Chinese medicinal prepara-
tions containing the same crude drugs, which could be useful for
future pharmaceutical studies of SXD.
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Table 4  Accuracy, repeatability, and stability levels of the 14 analytes in Shengjiang Xiexin decoction.
Analyte Accuracy® Repeatability” Stability®
Recovery (%) RSD (%) RSD (%) RSD (%)
Rutin 101.17 2.41 3.73 4.27
Baicalein 103.40 1.86 3.29 3.81
Trigonelline 98.81 4.53 3.51 3.89
Lobetyolin 102.15 1.69 231 3.62
Oleanolic acid 102.86 291 2.46 3.38
Ursolic acid 98.72 2.27 1.85 3.24
Betulinic acid 100.62 2.88 2.11 3.62
Epiberberine 102.27 4.09 2.87 4.17
Baicalin 102.29 2.74 3.52 4.14
Wogonin 103.47 2.44 2.03 3.57
Berberine 100.55 4.35 3.36 452
Liquiritin 99.73 5.76 5.21 5.63
Palmatine 103.15 3.23 2.76 3.86
6-Gingerol 99.91 3.48 2.64 3.19
2n=3; "n=6.
Table 5 Contents of the 14 analytes in Shengjiang Xiexin decoction (mg/g, n=©6).
Analyte SXD1 SXD2 SXD3 SXD4 SXD5 SXD6
Rutin 0.051440.0031 0.050040.0057 0.0530+0.0062 0.0480+0.0035 0.050140.0073 0.0510+0.0065
Baicalein 15.30004+0.2200  15.0010+0.2100  15.5010+0.2600  14.9010+0.3900  15.1000+0.1800  15.1980+0.1700
Trigonelline 3.9420+0.0320 3.8900+0.0240 3.9300+0.0410 3.8800+0.0310 3.9000+0.0190 3.9600+0.0370
Lobetyolin 4.3920+0.0350 4.4080+0.0210 4.3760+0.0450 4.333040.0590 4.3910+0.0370 4.4040+0.0290
Oleanolic acid 0.209040.0038 0.2080+0.0026 0.211040.0033 0.2010+0.0030 0.210040.0023 0.21204+0.0019
Ursolic acid 0.172040.0005 0.1690+0.0014 0.1730+0.0005 0.1700+0.0009 0.17104+0.0015 0.17504+0.0012
Betulinic acid 0.292040.0061 0.2880+0.0059 0.2920+0.0052 0.2870+0.0042 0.295040.0037 0.2900+0.0054
Epiberberine 7.2300+0.0370 7.210040.0380 7.2400+0.0450 7.2600+0.0310 7.2000+0.0330 7.2200+0.0460
Baicalin 6.6200+0.0570 6.6610+0.0590 6.6300+0.0710 6.6000+0.0650 6.6200+0.0500 6.5800+0.0640
Wogonin 60.5520+1.3600  60.8800+1.3100  60.2400+1.4900  59.7500+1.5400  60.1380+1.1900  60.8200+ 1.2700
Berberine 7.2200+40.0420 7.1800+0.0280 7.250040.0370 7.1600+0.0580 7.22004+0.0190 7.240040.0340
Liquiritin 2.3300+0.0130 2.320040.0230 2.3400+0.0170 2.2900+0.0210 2.33004+0.0140 2.3600+0.0250
Palmatine 6.6650+0.0290 6.6600+0.0320 6.6620+0.0310 6.5920+0.0330 6.6620+0.0270 6.6670+0.0220
6-Gingerol 6.2100+0.0540 6.2300+0.0450 6.2400+0.0480 6.1900+0.0510 6.2000+0.0590 6.2400+0.0490
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