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Abstract: Gongjindan (GJD) is a traditional Korean medicine consisting of four herbal medicines
and two animal-derived medicines, and is taken as a tonic in Republic of Korea. In this study, the
goal was to develop and validate a simultaneous analytical method to quantify eight compounds
in commercially available GJD samples using high-performance liquid chromatography (HPLC),
ultra-performance liquid chromatography with tandem mass spectrometry (UPLC–MS/MS), and
gas chromatography with tandem mass spectrometry (GC–MS/MS) systems. In HPLC and UPLC–
MS/MS, seven components (gallic acid, 5-(hydroxymethyl)furfural, morroniside, loganin, nodakenin,
decursin, and decursinol angelate) were separated and quantified using a distilled water–acetonitrile
mobile phase system on a Capcell Pak UG80 C18 column and an Acquity UPLC BEH C18 column,
respectively. Muscone was quantified using GC–MS/MS. The developed assays were validated
by evaluating the linearity, limit of detection, limit of quantitation, recovery, and precision. In
the regression equations of all compounds, the coefficient of determination was ≥0.9917, showing
good linearity. The recovery was 93.70–108.17%, and the relative standard deviation values in the
precision test were all <1.50%. Using the developed analysis methods, GJD samples were determined
to contain the eight target compounds in concentrations from non-detected to 10.75 mg/g. The
analytical assays developed and validated in this study can be used to obtain data for the quality
control of commercially available GJDs and for the further expansion of efficacy and clinical studies.

Keywords: quantitative analysis; Gongjindan; HPLC; UPLC–MS/MS; GC–MS/MS

1. Introduction

Herbal medicine preparations are usually composed of two or more types of herbal
medicines, animal-derived medicines, and mineral medicines, and these types of medicines
have long been used to treat and prevent various diseases, and to improve health. Gongjin-
dan (GJD) is a traditional Korean medicine consisting of four herbal medicines (Angelica
gigas Nakai, Cornus officinalis Seibold & Zucc., Panax ginseng C.A. Meyer, and Rehman-
nia glutinosa (Gaertn.) DC.) and two animal-derived medicines (Moschus moschifrus L.
and Cervus nippon Temminck), and is one of the best-known tonics in Republic of Ko-
rea [1]. When GJD has been used in animal models, liver protection [1], antioxidant [2],
neuroprotective [3], anti-fatigue [4], and Alzheimer’s-disease-protective [5] effects have
been demonstrated.

Each of the herbal medicines that comprise GJD contain various ingredients, including
coumarins (e.g., nodakenin, decursin, and decursinol angelate) from A. gigas [6], iridoids
(e.g., loganin, morroniside, and cornuside) from C. officinalis [7], triterpenoid saponins (e.g.,
ginsenoside Rb1 and ginsenoside Rg1) from P. ginseng [8], miscellaneous compounds (e.g., 5-
(hydroxymethyl)furfural; 5-HMF) from R. glutinosa [9], macrocyclic ketones (e.g., muscone
and normuscone) and steroids (e.g., cholesterol, cholestane-3-ol, and lanosterol) from
M. moschifrus [10–12], and peptidoglycans and gangliosides from C. nippon [13,14].
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A range of analytical methods have been developed for the quality assessment of each
constituent crude drug of GJD, based on high-performance liquid chromatography (HPLC),
gas chromatography (GC), GC with mass spectrometry (GC–MS), ultra-performance liquid
chromatography (UPLC), and ultra-performance liquid chromatography with tandem
mass spectrometry (UPLC–MS/MS) [6–8,12,14–18]. However, the analysis of GJD as a
preparation containing a combination of six types of herbal and animal-derived medicines
has not yet been reported. Previously, Hong et al. [4] and Lee et al. [19] reported an analysis
method using HPLC and GC–MS for GJD, which was composed of five herbal medicines,
excluding R. glutinosa. However, R. glutinosa, which was excluded from these reports, is an
important herbal medicine that exhibits immunomodulatory [20], hepatoprotective [21],
and neuroprotective [22] activities.

In this study, a simultaneous quantitative analysis method was developed and vali-
dated for seven compounds (gallic acid, 5-HMF, morroniside, loganin, nodakenin, decursin,
and decursinol angelate) using HPLC with a photodiode array detector (HPLC–PDA) and
UPLC–MS/MS to evaluate the quality of GJD. In addition, muscone, a target compound of
M. moschifru, was quantitatively analyzed and validated using gas chromatography with
tandem mass spectrometry in selected ion monitoring mode (GC–MS/MS SIM).

2. Materials and Methods
2.1. Chemical and Reagents

The reference standards used in this study were purchased from standard manu-
facturers: gallic acid (CAS No. 149-91-7, purity of 100.0%, catalog No. G7384), 5-HMF
(CAS No. 67-47-0, purity of ≥99.0%, catalog No. W501808), and cyclopentadecanone
(internal standard; IS, CAS No. 502-72-7, purity of 99.2%, catalog No. C111201) from Merck
KGaA (Darmstadt, Germany); morroniside (CAS No. 25406-64-8, purity of 99.9%, catalog
No. BP0960), loganin (CAS No. 18524-94-2, purity of ≥98.0%, catalog No. BP0884), and
decursinol angelate (CAS No. 130848-06-5, purity of 98.3%, catalog No. BP1812) from
Biopurify Phytochemicals (Chengdu, China); nodakenin (CAS No. 495-31-8, purity of
99.5%, catalog No. CFN90232) from ChemFaces Biochemical (Wuhan, China); decursin
(CAS No. 5928-25-6, purity of 98.7%, catalog No. DR11193) from Shanghai Sunny Biotech
(Shanghai, China); muscone (CAS No. 541-91-3, purity of 97.7%, catalog No. AL-M141496)
from Aladdin Biochemical Technology (Shanghai, China) (Figure S1). All other solvents
(methanol, acetonitrile, and distilled water) and reagents (formic acid and acetic acid)
were either HPLC- or LC–MS-grade. GJD samples were commercial products supplied by
different Korean pharmaceutical companies, and the composition is shown in Table S1.

2.2. HPLC–PDA Analysis

A Shimadzu Prominence LC–20A series system (Kyoto, Japan) controlled by the
LabSolution software (version 5.54, SP3) was used for the simultaneous quantitation of the
seven target components (gallic acid, 5-HMF, morroniside, loganin, nodakenin, decursin,
and decursinol angelate) selected from GJD samples. All analytes were separated using
a Capcell Pak UG80 C18 analytical column (250 mm length × 4.6 mm ID, particle size
5 µm, Shiseido, Tokyo, Japan) and a mobile phase of distilled water–acetonitrile (both
containing 0.1% (v/v) formic acid). Table S2 presents the HPLC operating conditions for
the quantitative analysis in more detail.

For each analyte, a standard stock solution was prepared at a concentration of 1000µg/mL
using methanol. The prepared standard stock solution was kept refrigerated and serially
diluted at the time of measurement. Separately, for the sample solution for HPLC quantitative
analysis, 100 mg of a GJD sample was accurately taken and 10 mL of 70% methanol was added.
After ultrasonic extraction at room temperature for 60 min, the sample solution was filtered
using a 0.2 µm syringe filter (Pall Life Sciences, Ann Arbor, MI, USA) before HPLC analysis.
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2.3. UPLC–MS/MS Analytical Conditions and Sample Preparation

The simultaneous analysis of the seven analytes in commercial GJD samples was
conducted with a UPLC–MS/MS system consisting of a Waters Acquity UPLC system and
a TQD MS system (Milford, MA, USA). UPLC and MS/MS analytical conditions for the
simultaneous analysis are presented in Table S3, and UPLC–MS/MS MRM factors such as
ion mode, MRM transition, cone voltage, and collision energy are shown in Table 1.

Table 1. Parameters for UPLC–MS/MS MRM analysis of the seven analytes.

Analyte 1 Ion Mode
Molecular

Weight
MRM

Conditions
Cone

Voltage (V)
Collision

Energy (eV)

1 negative 170.02 169.0→ 125.0 25 15

2 negative 406.15 405.4→ 243.2 30 13

3 positive 126.03 127.0→ 109.0 20 10

4 positive 390.15 391.4→ 229.2 20 10

5 positive 408.14 409.4→ 247.2 30 15

6 positive 328.13 329.2→ 229.0 35 20

7 positive 328.13 329.2→ 229.0 35 20
1 Gallic acid (1), morroniside (2), 5-HMF (3), loganin (4), nodakenin (5), decursin (6), and decursinol angelate (7).

The sample (approximately 50 mg) was accurately weighed into a 10 mL volumetric
flask and made up with 70% methanol. Ultrasonic extraction for 5 min followed by
vortexing for 1 min were carried out, and then the mixture was filtered through a 0.2 µm
hydrophobic filter (SSOLKOREA Co., Ltd., Daejeon, Republic of Korea) to obtain the
sample solution.

2.4. GC–MS/MS SIM Analysis

GC–MS/MS SIM analysis of muscone in GJD samples was conducted with a Shimadzu
GC–MS–TQ8050 (Tokyo, Japan) consisting of a GC-2010 Plus GC system and a TQ8050 MS
system. As described for the GC–MS/MS SIM analysis conditions presented in Table S4,
the chromatographic separation and quantitative analysis of the IS and muscone were
carried out with a Restek Rxi-5Sil MS column (20 m length, 0.18 mm ID, 0.18 µm DF,
Bellefonte, PA, USA) and temperature control: 60.0 ◦C (1 min)→ 15 ◦C/min→ 200 ◦C
(2 min)→ 30 ◦C/min→ 280 ◦C (2 min). These data were acquired and processed with the
GCMSsolution software (version 4.45, Shimadzu, Tokyo, Japan).

Both stock solutions of muscone and IS were prepared at 1000 µg/mL using methanol,
stored in a refrigerator, and then diluted and used during analysis while cold. Separately,
for the quantification of muscone in GJD samples, approximately 50 mg of the sample
was accurately weighed into a 10 mL volumetric flask, followed by ultrasonic extraction
for 30 min with 50 µL of cyclopentadecanone as an IS and 3 mL of methanol. Methanol
was added to adjust the volume to 10 mL to give the sample solution, which was filtered
with a 0.2 µm hydrophobic filter (SSOLKOREA Co., Ltd.) before injection into the GC–
MS/MS system.

2.5. Validation of Developed Analytical Method

The optimized assay was assessed by evaluating the linearity, limit of detection (LOD),
limit of quantitation (LOQ), and precision based on the International Conference on Har-
monisation guidelines [23]. Briefly, linearity was evaluated using the coefficient of determi-
nation (r2) value in the regression equation for each analyte. LOD and LOQ were calculated
using 3.3× σ/S and 10× σ/S (σ: the standard deviation (SD) of the y-intercept; S: the slope
of the regression equation). Recovery (%) was measured by a standard addition method in
which three different concentrations (low, medium, and high) of analytes were added, and
it was calculated as found amount/spiked amount × 100. Finally, precision was assessed
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by the relative standard deviation (RSD, %) values of the analytes measured on one day
and on three consecutive days (RSD (%) = SD/mean × 100). Validation of recovery and
precision was performed only by HPLC and GC–MS/MS analysis methods.

3. Results and Discussion
3.1. HPLC–PDA Analysis
3.1.1. Determination of Target Compounds in GJD for Analytical Method Development
Using HPLC–PDA

To identify compounds suitable for the simultaneous analysis of GJD using HPLC, the
main components contained in each herbal medicine were investigated and analyzed. The
compounds examined were nodakenin, decursin, and decursinol angelate from A. gigas;
gallic acid, loganin, morroniside, and cornuside from C. officinalis; ginsenoside Rb1 and
ginsenoside Rg1 from P. ginseng, and 5-HMF from R. glutinosa. As shown in Figure S2, the
suitability of HPLC analysis to detect these 10 compounds in GJD samples was assessed.
Except for the ginsenosides from P. ginseng and cornuside from C. officinalis, seven of the
components were detected and selected as target compounds of GJD, and subsequent
analysis was conducted.

3.1.2. HPLC Simultaneous Analysis Conditions

Optimal HPLC analysis conditions were set for the seven target compounds selected
in Section 3.1.1. First, in column selection, C18 columns (4.6 mm × 250 mm, 5 µm) from
different manufacturers, such as XBridge (Waters, Milford, MA, USA), Capcell Pak UG80
(Shiseido, Tokyo, Japan), and Quasar SPP (PerkinElmer, Buckinghamshire, UK), were
compared. As shown in Figure S3, the elution and peak shape of gallic acid were more
appropriately detected on the Capcell Pak UG80 column than on the other columns. Second,
we sought to compare the effects of acids such as formic acid and acetic acid in the primary
determined column. As a result, when formic acid was used, the capacity factor (k’)
of gallic acid was better than that of acetic acid, and the resolution of morroniside was
better in the sample solution (Figure S4). Third, after determining the column and acid,
the column oven temperature (30, 40, and 50 ◦C) was compared. As a result of the test,
the peak of gallic acid was not sharp at 50 ◦C, and in the case of morroniside, it was
detected overlapping with another unknown peak (Figure S5). Finally, an assay for the
separation and quantification of the seven target compounds was established using a
gradient elution of distilled water–acetonitrile (both containing 0.1% (v/v) formic acid)
on a Capcell Pak UG80 C18 column (Shiseido, Tokyo, Japan) maintained at 40 ◦C with
a Shimadzu Prominence LC-20A system coupled to a PDA (Table S2). As a result, all
components were baseline separated with a resolution of ≥1.55 within 50 min, without
interference from neighboring peaks (Figures 1 and S6).

3.1.3. Validation of the Developed HPLC Analytical Method

The system suitability parameters of the developed HPLC assay were calculated to be k’,
0.96–15.59; separation factor (α), 1.01–1.83; theoretical plate number (N), 12,882.85–1,481,856.87;
resolution (Rs), 1.55–31.28; and tailing factor (Tf), 1.01–1.24 (Table S5). The assay validation
factors obtained for the simultaneous analysis of the seven target components in GJD samples
are presented in Tables 2–4. For each of the calibration curves, prepared by measuring the
peak areas at a series of concentration levels, the r2 values were all 1.0000, showing excellent
linearity (Table 2). The LOD and LOQ values of the components were 0.02–0.05 µg/mL and
0.06–0.16 µg/mL, respectively (Table 2). The tested recoveries (%), measured by adding three
concentrations of each component, were 93.70–108.17% (RSD ≤ 2.06%, Table 3). Finally, intra-
and interday precision and repeatability were evaluated for all target components and the RSD
values were calculated to be ≤1.22% (Table 4 and Table S6). The satisfactory results obtained
for all the validation factors confirmed that the present analytical method is appropriate for the
simultaneous analysis of GJD using the seven selected target components.
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Figure 1. Representative HPLC chromatograms of the standard solution (A) and GJD–1 sample (B).
Gallic acid (1), 5-(hydroxymethyl)furfural (5-HMF, 2), morroniside (3), loganin (4), nodakenin (5),
decursin (6), and decursinol angelate (7). The concentrations of the compounds in the mixed standard
solution were 20.00 µg/mL (compounds 2 and 5), 30.00 µg/mL (compounds 1, 3, and 6), and
40.00 µg/mL (compounds 4 and 7).

Table 2. Method validation with respect to measured wavelength, linear range, regression equation,
coefficient of determination (r2), limit of detection (LOD), and limit of quantitation (LOQ) values for
simultaneous determination of seven target components using HPLC–PDA.

Analyte 1
Measured

Wavelength
(nm)

Linear Range
(µg/mL)

Regression Equation 2

y=ax+b r2 LOD
(µg/mL)

LOQ
(µg/mL)

1 270 0.31–20.00 y = 66,489.40x + 3119.59 1.0000 0.03 0.10

2 280 0.47–30.00 y = 92,324.67x + 666.45 1.0000 0.03 0.09

3 240 0.31–20.00 y = 47,649.17x + 2644.87 1.0000 0.02 0.06

4 235 0.47–30.00 y = 22,917.18x + 1539.24 1.0000 0.04 0.13

5 335 0.31–20.00 y = 45,241.57x + 2789.69 1.0000 0.02 0.06

6 330 1.56–100.00 y = 48,629.16x + 25,391.82 1.0000 0.05 0.16

7 330 1.56–100.00 y = 32,740.22x + 12,709.59 1.0000 0.04 0.11
1 Gallic acid (1), 5-(hydroxymethyl)furfural (5-HMF, 2), morroniside (3), loganin (4), nodakenin (5), decursin (6),
and decursinol angelate (7). 2 y: peak area of compounds; x: concentration (µg/mL) of compounds.
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Table 3. Recovery (%) of the seven target components for the developed HPLC method.

Analyte 1 Spiked Amount (µg/mL) Found Amount (µg/mL) Recovery (%) SD 2 RSD (%)

1

1.00 1.04 104.00 1.69 1.62

2.00 2.11 105.65 1.05 0.99

4.00 4.17 104.14 0.56 0.54

2

2.00 1.94 97.19 1.74 1.79

4.00 3.97 99.37 0.74 0.74

8.00 7.74 96.73 0.53 0.55

3

1.00 1.03 102.81 1.38 1.34

2.00 2.13 106.41 0.56 0.53

4.00 4.28 107.04 0.72 0.68

4

1.00 0.97 97.16 1.75 1.80

2.00 2.01 100.30 0.15 0.15

4.00 4.03 100.75 1.30 1.29

5

1.00 1.02 102.07 1.62 1.59

2.00 2.05 102.54 2.11 2.06

4.00 4.21 105.31 1.20 1.14

6

6.00 6.03 100.29 0.83 0.83

15.00 15.77 105.16 0.31 0.29

30.00 32.44 108.17 0.47 0.43

7

8.00 7.50 93.70 0.62 0.67

20.00 19.40 97.01 0.23 0.24

40.00 40.92 102.30 0.53 0.52
1 Gallic acid (1), 5-HMF (2), morroniside (3), loganin (4), nodakenin (5), decursin (6), and decursinol angelate (7).
2 SD: standard deviation.

Table 4. Precision test of target compounds 1–7 in the developed HPLC method.

Analyte 1 Conc.
(µg/mL)

Intraday (n = 5) Interday (n = 5)

Observed Conc.
(µg/mL)

Precision
(RSD, %) Accuracy (%) Observed

Conc. (µg/mL)
Precision
(RSD, %) Accuracy (%)

1

5.00 5.19 0.17 103.88 5.21 0.53 104.27

10.00 10.41 0.89 104.12 10.44 1.01 104.37

20.00 20.38 0.32 101.88 20.52 0.94 102.59

2

7.50 7.89 0.28 105.13 7.91 0.96 105.52

15.00 15.74 0.70 104.94 15.77 1.22 105.12

30.00 30.93 0.63 103.10 31.08 1.08 103.60

3

5.00 5.18 0.17 103.62 5.21 0.52 104.17

10.00 10.39 0.68 103.87 10.42 0.96 104.20

20.00 20.40 0.40 101.98 20.54 0.91 102.71

4

7.50 7.78 0.18 103.80 7.81 0.48 104.11

15.00 15.56 0.65 103.73 15.62 1.00 104.13

30.00 30.55 0.47 101.84 30.79 0.90 102.62
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Table 4. Cont.

Analyte 1 Conc.
(µg/mL)

Intraday (n = 5) Interday (n = 5)

Observed Conc.
(µg/mL)

Precision
(RSD, %) Accuracy (%) Observed

Conc. (µg/mL)
Precision
(RSD, %) Accuracy (%)

5

5.00 5.19 0.06 103.82 5.22 0.52 104.30

10.00 10.40 0.86 104.01 10.43 1.00 104.29

20.00 20.33 0.32 101.65 20.48 0.88 102.42

6

25.00 26.01 0.08 104.03 26.13 0.48 104.52

50.00 52.09 0.69 104.19 52.22 0.94 104.44

100.00 101.91 0.38 101.91 102.53 0.84 102.53

7

25.00 26.06 0.08 104.24 26.18 0.46 104.71

50.00 52.06 0.77 104.13 52.19 0.92 104.37

100.00 102.10 0.38 102.10 102.65 0.85 102.65
1 Gallic acid (1), 5-HMF (2), morroniside (3), loganin (4), nodakenin (5), decursin (6), and decursinol angelate (7).

3.1.4. Simultaneous Quantitation of the Seven Target Components in GJD Samples Using
the HPLC System

The HPLC assay developed herein was successfully applied to analyze the seven
target components (gallic acid, 5-HMF, morroniside, loganin, nodakenin, decursin, and
decursinol angelate) simultaneously in GJD samples. These analytes were monitored and
quantified at the wavelengths given in Table 2, based on the UV maximum absorption
wavelength. As shown in Table 5, commercially available GJD samples were found to
contain 0.01–7.06 mg/g of the seven target analytes. Among these analytes, decursin and
decursinol angelate, the major components of A. gigas, were the most abundant in all
samples (2.27–7.06 mg/g). In previously reported studies [4,19], decursin derived from
A. gigas showed high content of 7.92 mg/g. In our study, similar to the results of previous
studies, decursin and decursinol angelate (isomer of decursin), the main components of
A. gigas, were detected as the most abundant.

Table 5. Amounts (mg/g) of the seven target components in commercial products, determined using
the developed HPLC method 1.

Analyte 2
GJD–1 GJD–2 GJD–3 GJD–4 GJD–5

Mean
(mg/g) RSD (%) Mean

(mg/g) RSD (%) Mean
(mg/g) RSD (%) Mean

(mg/g) RSD (%) Mean
(mg/g) RSD (%)

1 0.19 0.85 0.09 0.90 0.13 0.61 0.06 0.89 0.23 0.42

2 0.77 0.29 0.15 0.23 0.01 1.66 0.08 1.69 1.99 0.16

3 0.39 0.36 0.12 0.30 0.43 0.40 0.44 0.21 0.15 0.15

4 0.58 0.41 0.42 0.27 0.71 0.29 0.65 0.03 0.38 0.19

5 0.28 0.35 0.22 0.32 0.91 0.70 0.22 0.20 0.30 0.62

6 2.78 0.18 3.24 0.10 7.06 0.11 2.76 0.18 2.57 0.03

7 4.03 0.28 3.87 0.21 6.54 0.03 2.35 0.20 3.24 0.06
1 GJD–1 to GJD–5: commercial products supplied by Korean pharmaceutical companies. 2 Gallic acid (1),
5-HMF (2), morroniside (3), loganin (4), nodakenin (5), decursin (6), and decursinol angelate (7).
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3.2. UPLC–MS/MS Analysis
3.2.1. UPLC–MS/MS Multiple Reaction Monitoring (MRM) Method for
Simultaneous Analysis

UPLC–MS/MS quantitative analysis was performed on the seven target components
selected in the HPLC analytical method. A UPLC–MS/MS system (Waters, Milford, MA,
USA) consisting of a Waters Acquity UPLC I–Class system and a tandem quadrupole MS
detector system with an electrospray ionization source was used. UPLC–MS/MS MRM
analysis was conducted with a Waters Acquity UPLC BEH C18 column (2.1 mm × 100 mm,
1.7 µm) and a distilled water–acetonitrile mobile-phase system (Tables S3 and 1). Gallic
acid and morroniside were detected in negative ion mode as [M−H]−, and 5-HMF, loganin,
nodakenin, decursin, and decursinol angelate were detected in positive ion mode as
[M+H]+, within 10.0 min (Figures 2 and S7).

Separations 2023, 10, x FOR PEER REVIEW 9 of 14 
 

 

 

 
Figure 2. Representative total ion chromatograms of the standard solution (A) and GJD–1 sam-
ple (B) using UPLC–MS/MS MRM. Gallic acid (1), morroniside (2), 5-HMF (3), loganin (4), 
nodakenin (5), decursin (6), and decursinol angelate (7). The concentration of all analytes in the 
mixed standard solution was 5.00 µg/mL. 

3.2.2. Quantitation of the Seven Target Components in GJD Samples 
The values for the regression equations r2, LOD, LOQ, and retention times of the 

seven analytes prepared at a concentration of 0.10–5.00 µg/mL are presented in Table 6. 
In GJD samples, concentrations of the seven investigated analytes ranged from non-de-
tected to 10.75 mg/g (Table 7). As a result of UPLC–MS/MS analysis, decursin and 
decursinol angelate, the main components of A. gigas, were found with the highest content 
(3.86–10.75 mg/g and 2.95–7.81 mg/g, respectively), which is consistent with the results 
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Figure 2. Representative total ion chromatograms of the standard solution (A) and GJD–1 sample
(B) using UPLC–MS/MS MRM. Gallic acid (1), morroniside (2), 5-HMF (3), loganin (4), nodakenin (5),
decursin (6), and decursinol angelate (7). The concentration of all analytes in the mixed standard
solution was 5.00 µg/mL.

For quantitative analysis, the MRM conditions (precursor ion (Q1) and product ion
(Q3)) of the seven analytes were set as shown in Table 5. The Q3 peaks of gallic acid and
5-HMF were set to m/z 125.0 and 109.0 in the form of [M–H–COO−]− and [M+H–H2O]+,
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respectively, in which a carboxyl group (COO−) and water (H2O) molecule were lost from
each Q1 peak [24,25]. For MRM transitions of iridoid-type compounds morroniside and lo-
ganin, the Q1 peak was detected at m/z 405.4 and 391.4 in the form of [M–H]− and [M+H]+,
respectively. All of the detected ions were in the form of aglycone in which the glucose
group was lost, and Q3 peaks were detected at m/z 243.2 ([M–H–Glu]−) and 229.2 ([M+H–
Glu]+) [26,27]. For nodakenin, the Q3 peak was set at m/z 247.2, corresponding to the
[M+H−Glu]+ form, where one molecule of glucose was removed from the Q1 peak at
m/z 409.4 [28]. The Q3 peak for the two coumarin derivatives, decursin and decursinol
angelate, was set at m/z 229.0 for the [M+H−C5H8O2]+ form, with the isoprenyl backbone
and hydroxy group removed from the Q1 peak at m/z 329.2 [15].

3.2.2. Quantitation of the Seven Target Components in GJD Samples

The values for the regression equations r2, LOD, LOQ, and retention times of the
seven analytes prepared at a concentration of 0.10–5.00 µg/mL are presented in Table 6. In
GJD samples, concentrations of the seven investigated analytes ranged from non-detected
to 10.75 mg/g (Table 7). As a result of UPLC–MS/MS analysis, decursin and decursi-
nol angelate, the main components of A. gigas, were found with the highest content
(3.86–10.75 mg/g and 2.95–7.81 mg/g, respectively), which is consistent with the results
obtained by HPLC analysis.

Table 6. Retention time, linear range, regression equation, r2, LOD, and LOQ values for simultaneous
determination of the seven analytes using the UPLC–MS/MS method.

Analyte 1
Retention

Time
(min)

Linear Range
(µg/mL)

Regression Equation 2

y = ax + b r2 LOD (ng/mL) LOQ (ng/mL)

1 1.06 0.10–5.00 y = 0.61x − 14.81 0.9967 3.27 9.82

2 1.08 0.10–5.00 y = 0.47x − 6.36 0.9917 3.50 10.49

3 1.13 0.10–5.00 y = 23.77x + 425.4 0.9929 1.61 4.82

4 1.18 0.10–5.00 y = 1.01x + 12.56 0.9921 9.92 29.75

5 1.94 0.10–5.00 y = 5.33x + 114.23 0.9943 3.56 10.68

6 8.23 0.10–5.00 y = 189.03x + 1684.86 0.9945 0.15 0.46

7 8.33 0.10–5.00 y = 168.94x + 2700.37 0.9959 0.16 0.48
1 Gallic acid (1), morroniside (2), 5-HMF (3), loganin (4), nodakenin (5), decursin (6), and decursinol angelate (7).
2 y: peak area of compounds; x: concentration (µg/mL) of compounds.

Table 7. Amounts (mg/g) of the seven analytes in GJD–1 to GJD–5 samples determined using the
UPLC–MS/MS method 1.

Analyte 2
GJD–1 GJD–2 GJD–3 GJD–4 GJD–5

Mean
(mg/g) RSD (%) Mean

(mg/g) RSD (%) Mean
(mg/g) RSD (%) Mean

(mg/g) RSD (%) Mean
(mg/g) RSD (%)

1 0.30 3.97 0.11 2.31 0.19 1.16 0.06 1.57 0.37 2.62

2 0.67 2.45 0.29 1.84 0.73 0.69 0.78 4.79 0.24 3.79

3 0.44 0.93 0.11 4.57 ND 3 – 0.02 3.58 1.34 0.85

4 0.64 3.20 0.57 2.41 0.91 3.44 0.78 1.95 0.46 2.62

5 0.75 2.47 0.64 1.30 2.41 4.65 0.77 1.71 0.87 2.80

6 4.03 0.67 4.89 2.23 10.75 1.20 4.44 1.53 3.86 0.81

7 4.49 0.49 4.45 3.08 7.81 2.16 2.95 0.24 3.62 0.33
1 GJD–1 to GJD–5: commercial products supplied by Korean pharmaceutical companies. 2 Gallic acid (1), 5-HMF
(2), morroniside (3), loganin (4), nodakenin (5), decursin (6), and decursinol angelate (7). 3 ND: not detected.
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3.3. GC–MS/MS Analysis
3.3.1. Establishment of the GC–MS/MS Method

Muscone, which was selected as a target compound for M. moschifrus in GJD samples,
was quantitatively analyzed with cyclopentadecanone as IS using the GC–MS/MS SIM
method. For GC–MS/MS SIM quantitation, the quantitative ions of muscone and IS
were set to m/z 238.23→ 85 and m/z 224.21→ 55, respectively, and analyzed under the
conditions shown in Table S4.

3.3.2. GC–MS/MS Method Validation for Analysis of Muscone

Data for calibration curves, LOD, LOQ, recovery, and precision were recorded to
validate the method. The regression equation (y = 1.02x − 1.62 × 10−2) of the calibration
curve was prepared using the area ratio of IS and muscone in the range of 0.5–1.0 µg/mL,
and the r2 value was 0.9998, showing good linearity. LOD and LOQ values were calculated
with signal-to-noise ratios of 3 and 10, respectively, and were 0.13 µg/mL and 0.38 µg/mL,
respectively. Recovery (%) was found to be 99.13–107.33%, and the RSDs for intra- and
interday precision were all ≤1.44% (Tables 8 and 9). The above data confirm that the assay
established for the quantitation of muscone in GJD samples was appropriate.

Table 8. Recovery (%) of muscone by the GC–MS/MS method (n = 5).

Analyte Spiked Amount
(µg/mL)

Found Amount
(µg/mL) Recovery (%) SD RSD (%)

Muscone

110.00 109.00 99.13 2.53 2.55

275.00 277.30 100.84 1.49 1.48

550.00 590.30 107.33 0.83 0.77

Table 9. Verification of intra- and interday precision for muscone using the GC–MS/MS method (n = 5).

Analyte Conc.
(µg/mL)

Intraday (n = 5) Interday (n = 5)

Observed Conc.
(µg/mL)

Precision
(RSD, %) Accuracy (%) Observed

Conc. (µg/mL)
Precision
(RSD, %) Accuracy (%)

Muscone

2.50 2.49 0.67 99.72 2.52 1.30 100.68

5.00 4.91 0.97 98.19 4.97 0.95 99.40

10.00 10.26 0.66 102.56 10.22 1.44 102.19

3.3.3. Quantitation of Muscone in GJD Samples Using the GC–MS/MS Method

The established GC–MS/MS SIM method was applied to the efficient analysis of real
GJD samples, and both the IS and muscone were detected at 10.02 min and 10.26 min
without interference from other peaks, respectively (Figures 3 and S8). Muscone was
detected at 0.44–0.52 mg/g in samples of GJD–1 to GJD–5 (Table 10).

Table 10. Amounts (mg/g) of muscone in commercial products determined using the GC–MS/MS method 1.

Analyte
GJD–1 GJD–2 GJD–3 GJD–4 GJD–5

Mean
(mg/g) RSD (%) Mean

(mg/g) RSD (%) Mean
(mg/g) RSD (%) Mean

(mg/g) RSD (%) Mean
(mg/g) RSD (%)

Muscone 0.48 3.43 0.51 14.31 0.52 4.13 0.49 4.61 0.44 2.45
1 GJD–1 to GJD–5: commercial products supplied by Korean pharmaceutical companies.
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sample (B). The concentrations of muscone and IS in the mixed standard solution were 5.00 µg/mL
and 1.00 µg/mL, respectively.

4. Conclusions

In this study, a method has been developed and validated for the simultaneous analysis
of eight components in commercially available GJD, a traditional herbal prescription widely
used as a tonic, using HPLC, UPLC–MS/MS, or GC–MS/MS systems. These analytical
methods were appropriately applied to effectively analyze GJD samples. Among the seven
analytes, except for muscone, in these analysis methods, decursin and decursinol angelate,
the main components of A. gigas, were detected the most abundantly by the HPLC and
UPLC–MS/MS methods. In general, the UPLC–MS/MS MRM method has the advantages
of a shorter analysis time, higher sensitivity, and easy multi-component analysis compared
to the HPLC method. Nevertheless, as an analysis method for the quality control of GJD
samples using the seven analytes, it is considered that the analytical method using HPLC,
which is the most widely used and easy to operate today, is more appropriate. Finally, these
assays can be used to obtain basic data for clinical trials and for efficacy verification.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/separations10040231/s1, Figure S1: Chemical structures of the eight target
components and internal standard (IS) in GJD; Figure S2: HPLC chromatograms of the solution of standard
mixture (A) and 70% methanol solution of GJD–1 sample (B). Gallic acid (1), 5-(hydroxymethyl)furfural (2),
morroniside (3), loganin (4), nodakenin (5), cornuside (6), ginsenoside Rg1 (7), ginsenoside Rb1 (8), de-
cursin (9), and decursinol angelate (10); Figure S3: HPLC chromatograms according to columns. Standard
mixture (A) and GJD sample (B) using Capcell Pak UG80 C18 column, standard mixture (C) and GJD
sample (D) using Quasar SPP C18 column, and standard mixture (C) and GJD sample (D) using XBridge
C18 column; Figure S4: HPLC chromatograms according to acids. Standard mixture (A) and GJD sample
(B) using 0.1% (v/v) formic acid and standard mixture (C) and GJD sample (D) using 1.0% (v/v) acetic
acid; Figure S5: HPLC chromatograms according to column temperatures. Standard mixture (A) and GJD
sample (B) at 30 ◦C, standard mixture (C) and GJD sample (D) at 40 ◦C, and standard mixture (E) and GJD
sample (F) at 50 ◦C; Figure S6: HPLC chromatograms of GJD–2 to GJD–5 samples (A) and each reference
compound (B). Gallic acid (1), 5-(hydroxymethyl)furfural (2), morroniside (3), loganin (4), nodakenin (5),
decursin (6), and decursinol angelate (7); Figure S7: Total ion chromatograms of GJD–2 to GJD–5 samples by

https://www.mdpi.com/article/10.3390/separations10040231/s1
https://www.mdpi.com/article/10.3390/separations10040231/s1
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UPLC–MS/MS MRM method. Gallic acid (1), morroniside (2), 5-(hydroxymethyl)furfural (3), loganin (4),
nodakenin (5), decursin (6), and decursinol angelate (7); Figure S8: GC–MS/MS chromatograms of GJD–2
to GJD–5 samples; Table S1: Composition of Gongjindan one-pill; Table S2: Analytical conditions for
simultaneous determination of the seven components in GJD by HPLC; Table S3: LC–MS/MS MRM
analysis conditions for quantification of the target components in GJD; Table S4: GC–MS/MS selective ion
monitoring (SIM) analytical conditions for quantification of muscone in GJD samples; Table S5: System
suitability for HPLC simultaneous analysis of the seven components using a standard solution; Table S6:
Repeatability of retention time and peak area of the seven analytes using HPLC (n = 6).
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