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Abstract: Daegunjoong-tang (DGJT) is an oriental medicine consisting of four medicinal herbs
(Zingiber officinale Rosc., Panax ginseng C.A.Mey., Oryza sativa L., and Zanthoxylum schinifolium Sieb.
et Zucc.) that is used to treat intestinal- and cancer-related diseases. In this study, a protocol for
quality control of DGJT based on reverse-phase high-performance liquid chromatography (HPLC)
and liquid chromatography tandem mass spectrometry (LC–MS/MS) analysis were developed. In
HPLC analysis, the marker analytes (hyperoside, quercitrin, ginsenoside Rg1, and 6-gingerol) were
separated, verified, and quantified using a mobile phase of 0.1% (v/v) aqueous formic acid–0.1%
(v/v) formic acid in acetonitrile system, and a C18 reverse-phase column (4.6 mm × 250 mm, particle
size; 5 m) maintained at 40 ◦C. In LC–MS/MS analysis, all analytes were separated using a Waters
Acquity UPLC BEH C18 column (2.1 mm × 100 mm, particle size; 1.7 µm). Using the developed
HPLC and LC–MS/MS methods, the four marker analytes were found in the samples at 0.95–13.86
mg/g (HPLC) and 0.27–2.42 mg/g (LC–MS/MS). The assay will be useful for evaluating the quality
of DGJT.

Keywords: high-performance liquid chromatography; liquid chromatography tandem mass spec-
trometry; quality control; Daegunjoong-tang

1. Introduction

Daegunjoong-tang (DGJT; Daikenchuto in Japanese; Da-Jian-Zhong-Tang in Chinese)
is a herbal medicine prescription first recorded in Gumgoeyorak (金匱要略, Jin Gui Yao
Lue in Chinese), a famous traditional oriental medicine book written by Zhongjing Zhang
in the Han Dynasty, and consists of four herbal medicines, Zingiber officinale Rosc., Panax
ginseng C.A.Mey., Oryza sativa L., and Zanthoxylum schinifolium Sieb. et Zucc. [1]. According
to Gumgoeyorak, this prescription was used for patients with medical conditions and
symptoms such as abdominal cramps, abdominal pain, fatigue, poor appetite, chills,
and pale complexion [1]. Z. officinale promotes antispasmodic action and secretion of
digestive juices, and P. ginseng has antibacterial, anticancer, and antiulcer effects [2]. O.
sativa replenishes sugar to smooth the energy metabolism of cells, and Z. schinifolium
promotes anthelmintic action, digestion, and absorption, and has antifungal, antibacterial,
and antipain activities [2]. Each herbal medicine contains a range of compound types
including phenolic compounds, gingerols, and shogaols in Z. officinale [3]; triterpenoid
saponins and ginsenosides in P. ginseng [4]; polysaccharides and maltose in O. sativa [5];
and essential oils oleic acid, palmitic acid, and estragole, flavonoid glycosides hyperoside
and quercitrin, and the alkaloids schinifolin in Z. schinifolium [6–8].

DGJT is one of the most prescribed Kampo medicines in Japan, and various biological
activities have been reported; these include anticancer action [9,10], improved intestinal
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blood flow [11,12], and beneficial effects against diseases of the digestive system such as
gastric ulcer, enteritis, bowel motility, and ileus [13–16]. Based on these biological activi-
ties, several clinical studies have also been conducted that examined diseases related to
postoperative paralytic ileus [17,18], postoperative constipation [19,20], and postoperative
intestinal obstruction [21,22]. Various nonclinical/clinical efficacy studies have been re-
ported, but the current analysis methods for quality assessment of DGJT have not been
validated. Therefore, it is necessary to establish an analysis method for the quality control
of DGJT.

In this study, a simultaneous reverse-phase high-performance liquid chromatography
(RP–HPLC) and liquid chromatography tandem mass spectrometry (LC–MS/MS) multiple
reaction monitoring (MRM) methods were developed for the quality control of DGJT using
four marker components: hyperoside (from Z. schinifolium), quercitrin (from Z. schinifolium),
ginsenoside Rg1 (from P. ginseng), and 6-gingerol (from Z. officinale).

2. Materials and Methods
2.1. Plant Materials

The three raw materials, Z. schinifolium, P. ginseng, and Z. officinale, (Table S1) were
purchased from Kwangmyungdag Medicinal Herbs (Ulsan, Korea) and used after morpho-
logical verification by Dr. Goya Choi, Herbal Medicine Resources Research Center, Korea
Institute of Oriental Medicine (KIOM, Naju, Korea) according to the National Institute
of Food and Drug Safety Evaluation guidelines [23]. Each raw material (2018–KE65–1 to
2018–KE65–3) have been deposited at the KIOM.

2.2. Chemicals and Reagents

Four marker analytes (Figure S1) were supplied from manufacturers specializing in
natural product standards: 6-gingerol (Cat. No. 076-05901, 98.3%) from Fujifilm Wako Pure
Chemical Co. (Osaka, Japan), ginsenoside Rg1 (Cat. No. BP0664, 99.3%) and hyperoside
(Cat. No. BP0753, 98.7%) from Chengdu Biopurify Phytochemicals Ltd. (Chengdu, China),
and quercitrin (Cat. No. CFN98850, 98.4%) from Wuhan ChemFaces Biochemical Co., Ltd.
(Wuhan, China).

Solvents methanol (CAS No. 67-56-1, >99.9%), acetonitrile (CAS No. 75-05-8), and
distilled water (CAS No. 7732-18-5) were purchased from J.T.Baker (for HPLC, Phillipsburg,
NJ, USA) and ThermoFisher Scientific (for LC–MS, Korea, Seoul). Formic acid (CAS No.
64-18-6, 98–100%) and ammonium formate (CAS No. 540-69-2, 99.0%) were supplied from
Merck KGaA (Darmstadt, Germany) and Kanto Chemicals (Tokyo, Japan) as the ACS
reagent, respectively.

2.3. DGJT Sample Extraction

To prepare DGJT samples for HPLC analysis, as shown in Table S1, Z. schinifolium
(1.25 kg), P. ginseng (1.25 kg), and Z. officinale (2.5 kg) were mixed (total 5.00 kg) in a weight
ratio (w/w), 50 L of distilled water was added, and the mixture was extracted under pressure
at 100 ◦C for 2 h. Thereafter, the extract was filtered through a testing sieve (pore size
53 µm, Cheunggye Co., Ltd., Gunpo, Korea) and freeze-dried with an LP110R freeze-dryer
(IlShinBioBase, Dongducheon, Korea) to obtain 606.7 g (yield 12.1%) of a powder sample.
The prepared DGJT sample was stored at −20 ◦C until analysis and further study.

2.4. HPLC Quantification of the Four Marker Analytes

Quantification of hyperoside, quercitrin, ginsenoside Rg1, and 6-gingerol in DGJT
samples was performed based on previous protocols [24,25]. Briefly, HPLC analysis was
conducted with a Prominence LC-20A series equipped with a photodiode array (PDA)
detector (Kyoto, Japan), that were controlled with LabSolution software (Ver. 5.53, SP3,
Kyoto, Japan); detailed operating conditions are shown in Table S2.

A test solution for quantitative analysis of the four markers in DGJT was obtained
by ultrasonic extraction for 60 min of a sample at a concentration of 10 mg/mL in 70%
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methanol. Standard solutions of each analyte were prepared at a concentration of 1 mg/mL
using methanol, and then stored in a refrigerator until use. All solutions were analyzed
after filtering through a 0.2 µm polypropylene membrane syringe filter (Pall Life Sciences,
Ann Arbor, MI, USA).

2.5. System Suitability

System suitability parameters such as retention factor (k′), relative retention (α), res-
olution (Rs), number of theoretical plates (N), and tailing factor (Tf ) were evaluated and
used to assess the analysis method for quality control of DGJT using HPLC.

2.6. Method Validation of Developed Assay

For verification of the developed analysis method, the linearity, limit of detection
(LOD), limit of quantification (LOQ), accuracy, and precision were evaluated accord-
ing to the International Conference on Harmonization guidelines [26] as in previous
studies [24,25].

2.7. LC–MS/MS System and Conditions for Quantification of the 4 Markers

Quantification of the 4 markers in the DGJT sample was performed using an Ac-
quity UPLC H-Class system (Waters, Milford, MA, USA) with a TQ-XS system controlled
by MassLynx software (version 4.1, Waters). A Waters Acquity UPLC BEH C18 col-
umn (2.1 mm × 100 mm, 1.7 µm) was used to separate the marker compounds with a
distilled water containing 0.1% (v/v) formic acid and 5 mM ammonium formate (solvent
A)–acetonitrile (solvent B) system. The mobile phase was eluted at 0.3 mL/min. The gradi-
ent conditions were the following: 20% solvent B at initial to 0.1 min, 20–95% solvent B at
0.1 to 14.0 min, 95–100% solvent B at 14.0 to 15.0 min, 100–20% solvent B at 15.0 to 15.1 min,
and 20% solvent B at 15.1–18.0 min. The temperature of the column and sample tray were
maintained at 45 and 5 ◦C, respectively. Quantification was conducted using the MRM
mode. Capillary voltage, source temperature, desolvation temperature, desolvation gas
flow, and cone gas flow were set at 3.0 kV, 150 ◦C, 500 ◦C, 700 L/h, and 50 L/h, respectively.
Other parameters such as collision energy, cone voltage, and transition for LC–MS/MS
MRM analysis of each marker are shown in Table S3.

3. Results and Discussion
3.1. Identification of the Main Component of Each Herbal Medicine

As described in the previous study [27], O. sativa, which contains mainly saccha-
rride (mostly maltose), was excluded. In order to select marker analytes for quality
control of DGJT using constituents of three herbal medicines other than O. sativa, the
main components of each medicine were investigated, compared, and analyzed as fol-
lows: 6-gingerol from Z. officinale [3,28]; ginsenoside Rb1 and ginsenoside Rg1 from
P. ginseng [4,28]; and xeroboside, rutin, hyperoside, ferulic acid, foeniculin, quercitrin,
isorhamnetin-7-glucoside, 3,4,5-trihydroxy-7,4′-dimethoxyflavone, dictamnin, and schini-
folin from Z. schinifolium [6–8,29] (Figure S2). All the components were analyzed using
HPLC–PDA (PDA simultaneously scanned from 190 to 400 nm) using a mobile phase of
distilled water–acetonitrile, with both phases containing 0.1% (v/v) formic acid.

3.2. Selection of Marker Analytes for Quality Standardization

HPLC chromatograms for the 13 main components listed in Section 3.1 are shown
in Figure S3. From these, four components (hyperoside, quercitrin, ginsenoside Rg1,
and 6-gingerol) were clearly identified in the DGJT 70% methanol extract, and these
were selected as marker analytes for quality control of DGJT samples (Figure S1) and for
subsequent studies.
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3.3. Establishment of Optimal Analysis Conditions

The optimal HPLC analysis conditions were determined by comparing a selection of
reverse-phase C18 columns (I. D. 4.6 mm × length 250 mm, particle size 5 µm) such as
Phenomenex, Waters, Shiseido, and YoungJin Biochrom Co., and column temperatures (30,
35, 40, and 45 ◦C) using the four selected marker analytes. The optimal conditions were
established to be the use of a Waters’ SunFire C18 column (Milford, MI, USA), maintained
at 40 ◦C, and gradient elution using distilled water and acetonitrile, both containing 0.1%
(v/v) formic acid (Table S2). The four markers, hyperoside, quercitrin, ginsenoside Rg1, and
6-gingerol, were eluted at 14.15, 16.04, 17.87, and 31.24 min, respectively. A representative
HPLC chromatogram of the standard and test solutions is shown in Figure 1.

Figure 1. Representative HPLC chromatograms of (A) a standard solution and (B) 70% methanol extract of Daegunjoong-
tang (DGJT) samples, at 203 and 255 nm. Hyperoside (1), quercitrin (2), ginsenoside Rg1 (3), and 6-gingerol (4).

3.4. System Suitability and Method Validation of the Developed HPLC Analytical Method

The stability of the HPLC system for the qualitative and quantitative analysis of marker
analytes was assessed by determining the k′, α, N, Rs, and Tf parameters, which were
found to be 3.94–9.91, 1.14–1.89, 551122–1122666, 6.94–40.42, and 1.07–1.13, respectively, as
shown in Table S4. These values are suitable for both qualitative and quantitative analysis
of the marker analytes. In the developed assay, as shown in Table 1, the coefficient of
determination (r2) value representing the linearity for quantification of the marker analytes
prepared at different concentration levels was 0.9999–1.0000, showing excellent linearity;
LOD and LOQ were also calculated as 0.08–0.46 µg/mL and 0.24–1.41 µg/mL, respectively.
Recovery tests, which were performed by adding three different concentrations (low,
medium, and high) to the DGJT sample for accuracy evaluation, confirmed that all four
marker analytes showed a good recovery of 97.01–100.88% (Table 2). The RSD (%) values
for the retention time and peak area were measured to be less than 1.0% in repeatability
tests performed six times with a standard solution of analytes (Table S5), and the RSD (%)
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value indicating intraday (for one day) and interday (on three consecutive days) precisions
also showed excellent precision values of less than 1.0% (Table 3). The above results show
that the HPLC analysis method developed in this study is suitable for both qualitative
and quantitative analysis of the markers hyperoside, quercitrin, ginsenoside Rg1, and
6-gingerol in DGJT.

Table 1. Linear range, regression equation, coefficient of determination (r2), limit of detection (LOD), and limit of quantifica-
tion (LOQ) of the four marker analytes for the quantification using HPLC (n = 3).

Analyte Quantification
(nm)

Linear Range
(µg/mL)

Regression Equation a

y=ax+b r2 LOD b (µg/mL) LOQ c (µg/mL)

Hyperoside 255 0.78–50.00 y = 30,622.39x + 5809.97 1.0000 0.17 0.51
Quercitrin 255 0.31–20.00 y = 28,066.51x + 1978.77 1.0000 0.08 0.24

Ginsenoside Rg1 203 1.56–100.00 y = 4651.00x + 1806.42 0.9999 0.46 1.41
6-Gingerol 203 1.56–100.00 y = 86,371.87x + 38,306.05 0.9999 0.10 0.29
a y and x indicate the peak area and concentration of each analyte, respectively, using the standard solution. b LOD = 3.3 × σ/S and c LOQ
= 10 × σ/S (where σ and S are the standard deviation of the y-intercept and the slope of the calibration curve, respectively).

Table 2. Verification of the extraction recovery (%) of the analysis method developed using the four marker analytes (n = 5).

Analyte Spiked Conc. (µg/mL) Found Conc. (µg/mL) Recovery (%) a SD RSD (%) b

Hyperoside
2.00 1.96 97.76 1.77 1.81
5.00 4.94 98.79 1.22 1.23
10.00 9.87 98.68 2.22 2.25

Quercitrin
1.00 0.98 98.14 1.58 1.61
2.00 2.02 100.88 1.32 1.30
4.00 3.96 99.08 0.87 0.88

Ginsenoside Rg1
2.00 1.98 98.96 2.09 2.11
5.00 4.85 97.01 1.51 1.56
10.00 9.85 98.54 1.99 2.02

6-Gingerol
3.00 2.95 98.32 1.28 1.31
7.50 7.47 99.62 1.10 1.11
15.00 14.86 99.07 0.80 0.81

a Recovery (%) = found concentration/spiked concentration × 100%. b RSD (%) = standard deviation (SD)/mean × 100%.

Table 3. Verification of the precision of the analysis method developed using the four marker analytes.

Analyte Conc. (µg/mL)
Intraday (n = 5) Interday (n = 5)

Found Conc.
(µg/mL) Precision (%) a Accuracy (%) Found Conc.

(µg/mL) Precision (%) Accuracy (%)

Hyperoside
12.50 12.79 0.50 102.31 12.65 0.97 101.23
25.00 25.12 0.47 100.49 25.16 0.69 100.65
50.00 50.08 0.34 100.15 50.07 0.72 100.14

Quercitrin
5.00 5.11 0.45 102.16 5.06 0.84 101.27

10.00 10.04 0.49 100.45 10.07 0.71 100.68
20.00 20.03 0.31 100.14 20.03 0.75 100.17

Ginsenoside Rg1
25.00 25.72 0.20 102.88 25.53 0.84 102.11
50.00 50.64 0.47 101.28 50.62 0.71 101.24
100.00 100.34 0.41 100.34 100.34 0.73 100.34

6-Gingerol
25.00 25.60 0.15 102.41 25.47 0.62 101.87
50.00 50.11 0.39 100.22 50.24 0.64 100.47
100.00 101.30 0.37 101.30 101.26 0.75 101.26

a Precision (%) = SD/mean × 100%.

3.5. Quantification of the Four Marker Analytes for Quality Control of DGJT Sample Using HPLC

Using the developed and validated HPLC analysis method, the four marker analytes
in the prepared DGJT samples were compared to standard compounds with respect to
their UV spectra and retention times and finally confirmed via co-injection. Based on this,
hyperoside and quercitrin were quantified at 255 nm, and ginsenoside Rg1 and 6-gingerol
were quantified at 203 nm. The content of the four marker analytes in the prepared DGJT
sample was found to be 0.95–13.86 mg/g (Table 4).
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Table 4. Content of the four marker analytes in DGJT sample determined using HPLC (n = 3).

Compound

Content (mg/g)

SourceBatch 1 Batch 2 Batch 3

Mean ± SD RSD (%) Mean ± SD RSD (%) Mean ± SD RSD (%)

Hyperoside 0.95 ± 0.01 0.75 0.96 ± 0.01 0.77 0.97 ± 0.01 0.55 Z. schinifolium
Quercitrin 3.85 ± 0.03 0.76 3.88 ± 0.03 0.73 3.88 ± 0.02 0.41 Z. schinifolium

Ginsenoside Rg1 13.53 ± 0.18 1.36 13.85 ± 0.23 1.64 13.86 ± 0.16 1.14 P. ginseng
6-Gingerol 1.44 ± 0.00 0.23 1.45 ± 0.01 0.48 1.46 ± 0.02 1.40 Z. officinale

3.6. Quantification of the Four Marker Compounds by LC–MS/MS

In Table S3, hyperoside, quercitrin, and ginsenoside Rg1 were detected in the negative
ion mode ([M−H]–) at m/z 463.2, 447.0, and 799.2, respectively, while 6-gingerol was
detected in the positive ion mode ([M+H]+) at m/z 295.3. The precursor ion (Q1) and product
ion (Q3) for the LC–MS/MS MRM analysis were set as shown in Table S3 [30–33]. Various
parameters such as linear range, regression equation, r2, LOD, and LOQ for simultaneous
determination using the LC–MS/MS MRM method are presented in Table S6. For the
quality evaluation of DGJT, quantification of the 4 marker components was performed
using the LC–MS/MS MRM method. These markers, hyperoside, quercitrin, ginsenoside
Rg1, and 6-gingerol, were detected at 1.63, 2.03, 2.71, and 6.33 min, respectively (Figure 2,
Figure S4 and Table S6). The concentrations of 4 marker compounds, hyperoside, quercitrin,
ginsenoside Rg1, and 6-gingerol, were 1.07, 0.27, 2.42, and 0.86 mg/g, respectively.

Figure 2. Total ion chromatograms of the standard solution (A) and DGJT sample (B) by LC–MS/MS MRM method.
Hyperoside (1), quercitrin (2), ginsenoside Rg1 (3), and 6-gingerol (4).

4. Conclusions

In this study, a simultaneous RP–HPLC and LC–MS/MS MRM analysis methods for
efficient quality control of DGJT, which is effective in postoperative intestinal obstruction
and postoperative constipation, was developed and verified through linearity, LOD, LOQ,
accuracy, and precision. These results provide a framework for quality control monitoring
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of DGJT as well as other traditional Korean medicines, traditional Chinese medicines, and
Kampo medicines.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/app11083437/s1, Figure S1: Chemical structures of the four marker analytes used in the
quantitative analysis of DGJT; Figure S2: HPLC chromatogram of constituent herbal medicine and its
main components. A: Z. officinale, B: P. ginseng, and C: Z. schinifolium; Figure S3: HPLC chromatograms
of the standard solution (A) and 70% methanol extract of DGJT sample (B). Xeroboside (1), rutin (2),
hyperoside (3), ferulic acid (4), foeniculin (5), quercitrin (6), isorhametin-7-glucoside (7), ginsenoside
Rg1 (8), ginsenoside Rb1 (9), 3,4,5-trihydroxy-7,4’-dimethoxyflavone (10), dictamnin (11), schinifolin
(12), 6-gingerol (13); Figure S4: Extracted ion chromatograms of the reference standard (A) and DGJT
sample (B) by LC–MS/MS MRM mode. Table S1: Information on the composition of DGJT; Table S2:
HPLC parameters for quantification of DGJT; Table S3: MRM parameters for LC–MS/MS analysis
of 4 marker compounds in DGJT. Table S4: System suitability for the four marker analytes in the
developed HPLC method; Table S5: Repeatability for retention time and peak areas of the four
marker analytes using HPLC (n = 6). Table S6: The linear range, regression equation, r2, LODs, and
LOQs of the analytes from YPS using LC–MS/MS (n = 3).
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