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Background: Bangpungtongsung-san, one of the traditional herbal medicines, was known to be www.phcog.com
a prescription for obesity. Objective: For the simultaneous determination of five components DOL:

(paeoniflorin, 6-gingerol, decursin, geniposide, and glycyrrhizin) in Bangpungtongsung-san, a
high-performance liquid chromatography with diode-array detector method was established.
Mate:ials and Methods: To develop the method, a reverse phase column, DIONEX C,, (5 um,
120 A, 4.6 mm X 150 mm) was used. The mobile phase consisted of methanol and water using
a gradient elution. The UV wavelength was set at 230, 240, and 254 nm. Method validation
was accomplished by linearity, precision test, and recovery test. Results: All calibration curves
of components showed good linearity (R? > 0.9959). The limit of detection (LOD) and limit
of quantification (LOQ) ranged from 0.01 to 0.17 ug/ml and 0.04 to 0.53 ug/ml, respectively.
The relative standard deviations (RSD) value of precision test, intraday and interday tests were
less than 0.43% and 1.26%. In the recovery test, results of accuracy ranged from 95.27% to
107.70% with RSD values less than 2.21%. Conclusion: This developed method was applied to
the commercial Bangpungtongsung-san sample and the five marker components were separated
effectively without interference of any peaks of components.
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INTRODUCTION

Bangpungtongsung-san was one of the major traditional
herbal medicines wildly used in the treatment of obese
patients.!"! Besides, it was used for the treatment of
various diseases such as allergic rhinitis, hypertension,
hyperlipidemia, atopic dermatitis, and used as an
anticonvulsant, sedative, and analgesic.** According to the
Korean Pharmacopoeia, Bangpungtongsung-san consisted
of Angelica gigas, Paeonia lactiflora, Cnidinm officinale, Gardenia
Jasminoides, Forsythia viridissima, Mentha arvensis, Zingiber
officinale, Schizonepeta tennifolia, Saposhnikovia divaricata, Ephedra
sinica, Rheum undulatum, Atractylodes japonica, Playtcodon
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grandiflorum, Scutellaria baicalensis, Glycyrrhiza uralensis,
Gypsun, Taleum, and Natrii sulfas.”) Bangpungtongsung-
san, the traditional herbal medicine, usually composed of
multiple herbs. Therefore, the traditional herbal medicine
cured many diseases by one formula, and had variety of
formulas for one disease.l”! Nowadays, the commercial
use of the traditional herbal medicine has increased
and new various drugs are being developed from it;
consequently, quality improvement of the traditional herbal
medicine was required. For quality control, the chemical
components in traditional herbal medicine were assayed.
Because the traditional herbal medicine’s composition
was very complicatedly and consisted of various chemical
components, such as alkaloids, phenols, terpenoids, and
flavonoids, we need to develop an accurate and effective
simultaneous separation assay.”! Many assay methods of
traditional herbal medicine were researched lately.*'" In
this study, a simultancous determination method of five
marker components, paconiflorin from Paeonia lactiflora,
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6-gingerol from Zingiber officinale, decursin from Angelica
gigas, geniposide from Gardenia jasminoides, and glycyrrhizin
trom Ghyeyrrhiza nralensis in Banpungtongsung-san was
established. The structures of these components are
shown in Figure 1. To develop the assay method, we used
high-performance liquid chromatography (HPLC) with a
diode-array detector (DAD). Also we executed a validation
of this HPLC-DAD method. The established method was
used with Bangpungtodngsung-san samples.

EXPERIMENT

Reagents and standards

Four reference standards, paconiflorin, glycyrrhizin,
decursin, and 6-gingerol were purchased from Natural
Product Chemistry BioTech Inc. (Seoul, South Korea). The
other reference standard was purchased from Korea Food
and Drug Administration. The purity (%) of five reference
standards had been above 98%. HPLC grade solution,
methanol, water, and regents were purchased from from J.
T. Baker (USA). All of the plant materials were purchased
from Kyungdong traditional herbal market (Seoul). Four
commercial Bangpungtongsung-san samples were obtained
from four different herbal medicine companies.

Chromatography condition

Analysis was performed on the HPLC system (Dionex,
Germany). The HPLC system was equipped with a pump
(LPG 3X00), auto-sampler (ACC-3000), column oven,
and diode-array UV/VIS detector (DAD-3000(RS)).
The output signal of the detector was recorded using
a Dionex Chromelon™ Chromatography Data System.
The separation was executed on a Dionex C,; column (5
um, 120 A, 4.6 mm x 150 mm). The mobile phase was
composed of water and methanol with the gradient elution
system at a flow rate of 1.0 ml/min. The injection volume
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Figure 1: Chemical structures of five marker constituents in
Bangpuntongsung-san
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was 20 UL The detection UV wavelength was set at 230, 240,
254, and 280 nm. The column temperature was set at 25°C.

Preparation of standard solutions and sample

The standard stock solutions of five marker components,
paconiflorin, 6-gingerol, decursin, geniposide, and
glycyrrhizin, were prepared by dissolving at the
concentration of 100 pg/ml (paeconiflorin), 100 ng/ml
(6-gingerol), 100 pg/ml (decursin), 250 ng/ml (geniposide),
and 250 pg/ml (glycyrrhizin) in 10 ml of 60% methanol.
Working standard solutions were made by diluting the
standard stock solution with methanol. These working
solutions were mixed and applied to calibration curves. The
standard stock solutions and working solutions were stored
at 4°C. The Bangpungtongsung-san sample consisted of
0.40 g of Angelica gigas, 0.40 g of Paeonia lactiflora, 0.40 g
of Cuidium officinale, 0.40 g of Gardenia jasminoides, 0.40 g
of Forsythia viridissima, 0.40 g of Mentha arvensis, 0.40 g of
Zingiber officinale, 0.40 g of Schizonepeta tenuifolia, 0.40 g of
Saposhnikovia divaricata, 0.40 g of Ephedra sinica, 0.50 g of
Rbeuns undulatum, 0.50 g of Natrii sulfas, 0.67 g of Atractylodes
Japonica, 0.67 g of Playtcodon grandiflorum, 0.67 g of Scutellaria
baicalensis, 0.67 g of Glycyrrbiza nralensis, 1.00 g of Gypsum,
and 1.07 g of talcum. These herbs were extracted by
a heating extraction method (in water 8—10 times the
weight of herbs) for 3—4 h in 90-100°C. The extract was
evaporated under vacuum and was prepared in the form of
powder by a freeze-dryer. A total of 20 mg of the prepared
Bangpungtongsung-san sample and four commercial
Bangpungtongsung-san samples were weighed precisely
and were dissolved in 60% methanol at a concentration of
2 mg/ml. Before HPLC analysis, the sample preparation
was filtered through a 0.45-um filter.

RESULTS AND DISCUSSION

Optimization of suitable HPLC-DAD conditions

To precisely and exactly analyze five marker components in
Banhpungtongsung-san, a suitable HPLC system condition,
such as chromatographic column, mobile phase elution
system, UV wavelength of detector, was established.
In general, a reverse phase column was applied to assay
chemical components in natural products. We selected C,
as one. The mobile phase consisting of methanol (A) and
water (B) was tested in various gradient systems and an
adequate gradient ratio was selected. The gradient volume
of solvent B was 75-70% at 0-10 min, 70-50% at 10-20
min, 50—40% at 20-30 min and 40-30% at 30—50 min. The
UV wavelength of the DAD detector was tested at 230,
240, 254, and 280 nm. A wavelength of each component
selected most of the absorbed UV wavelength in the UV
spectrum. Paconiflorin, 6-gingerol, and decursin were 230
nm, geniposide was 240 nm, and glycyrrhizin was 254 nm.
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The peak of each compound was confirmed by comparing
the retention time and UV spectrum of each marker
constituent. Retention times for peaks of geniposide,
paconiflorin, glycyrrhizin, 6-gingerol, and decursin were
10.03, 12.10, 20.83, 35.81, and 44.51 min, respectively
[Figure 2a]. The Bangpungtongsung-san sample was
analyzed by this HPLC method and a chromatogram
of sample showed that five marker components were
separated effectively [Figure 2b].

METHOD VALIDATION

Calibration curves, limit of detection, and limit of
quantification

Method validation was executed by linearity, precision and
accuracy test on the basis of ICH guidelines. Linearity was
confirmed by the correlation coefficient (R?). To calculate
the regression equation, five different concentrations of the
standard solution were used to draw up a calibration curve.
The regression equation formed was Y = ax + b (a—slope
of the calibration curve, b — intercept of the calibration
curve); Y axis was the value of peak area and x axis was
the concentration of marker components. The correlation
coefficient of each marker component’s calibration curve
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Figure 2: The HPLC chromatogram of the standard mixture (a) and
Bangpuntongsung-san sample (b)

showed good linearity (R* > 0.9959). According to the
calibration curve, the limit of detection (LOD), and the
limit of quantification (LOQ) were determined as LOD
= 3.3 X (SD/Slope) and LOQ = 10 X (SD/Slope), whete
SD is the standard deviation of the response and slope is
slope of the calibration curve. The values of LOD and
LOQ were within a range of 0.01-0.17 and 0.04-0.53 pg/
ml, respectively [Table 1].

Precision and accuracy

To measure precision and repeatability, the intra- and
interday test was executed by analyzing three different
concentrations of five standard solutions. The test was
carried out five times in 1 day and in an interval of 1
day during 5 days (1, 3, 5 days), respectively. Precision
and repeatability were confirmed by the relative standard
deviation (RSD) value of intra- and interday. The RSD was
calculated by standard deviation over the measured amount
multiply by 100. The RSD values of intra- and interday
were 0.03-0.43% and 0.04-1.26%, respectively [Table 2].
To evaluate accuracy, a recovery test was carried out. Three
different concentrations of five marker components were
added in 20 mg/ ml of the Bangpungtongsung-san sample
and analyzed three times. Each recovery value ranged from
94.46% to 107.70% and RSD values varied between 0.03%
and 2.21% [Table 3].

Analysis of the Bangpungtongsung-san sample

The developed HPLC method was applied to the prepared
Bangpungtongsung-san sample and four samples were
obtained from different herbal medicine companies
[Figure 3]. The contents of five marker components were
calculated from the calibration curve of the standards. The
results indicated that differences appeared in the amounts
of marker components in Bangpungtongsung-san samples
A—E. The content of marker components in herbs might
have been affected by many factors such as collection
time or cultivation environment and the manufacturing
process of the prescription such as Bangpungtongsung-

san [Table 4].

Table 1: The linearity, correlation coefficient (R?), limit of detection and limit of quantification of the

compounds studied

Components Linear range Regression Equation? R? LOD LoQ
(ng/ml) (n=5) (Hg/ml) (ng/ml)
Paeoniflorin 0.2-20 Y =0.5714 x + 0.1290 0.9959 0.01 0.04
6-Gingerol 0.2-20 Y =0.2377 x + 0.0314 0.9976 0.06 0.19
Decursin 0.2-20 Y =0.4249 x — 0.0450 0.9994 0.10 0.30
Geniposide 0.5-50 Y =0.4643 x + 0.2668 0.9985 0.03 0.08
Glycyrrhizin 0.5-50 Y =0.1920 x + 0.0489 0.9983 0.17 0.53

2Y: peak area, x:concentration (pg/ml), LOD: limit of detection, LOQ: limit of quantification
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Table 2: Analytical results of intra- and inter-day test

Components Concentration Intra-day (n=5) Inter-day (n=5)
(ug/mi) Mean * SD RSD (%) Mean * SD RSD (%)
(ng/mi) (ng/mi)

Paeoniflorin 6.00 6.85+0.017 0.43 6.58 + 0.003 0.04
2.40 2.58 +0.001 0.06 2.58 +0.005 0.21
1.20 1.19 £ 0.002 0.21 1.18 £ 0.007 0.61

6-Gingerol 22.00 22.86 +0.010 0.18 22.24 +0.021 0.10
8.00 7.03 £ 0.005 0.07 6.99 + 0.028 0.41
4.00 5.36 + 0.008 0.15 5.38 + 0.024 0.44

Decursin 12.00 12.89 £ 0.010 0.18 12.79 £ 0.011 0.08
10.00 10.90 + 0.007 0.07 10.86 + 0.023 0.22
5.00 5.16 + 0.005 0.10 5.13 £ 0.021 0.42

Geniposide 25.00 26.41 + 0.009 0.07 26.02 + 0.011 0.04
10.00 11.44 £ 0.004 0.03 10.99 £ 0.013 0.12
5.00 5.04 + 0.006 0.13 5.10+0.014 0.27

Glycyrrhizin 25.00 23.73+0.010 0.22 26.44 + 0.040 0.15
10.00 9.21 +0.003 0.03 10.08 + 0.026 0.26
5.00 6.68 + 0.003 0.05 6.71 +0.085 1.26

Table 3: Analytical results of accuracy test
Components Spiked Measured RSD Recovery?
Concen-  Concentra- (%) (%)
tration tion 200m
(ug/ml) (ng/ml)
Paeoniflorin 3.00 3.18 £0.02 0.71 105.84
1.20 1.25+0.01 0.65 104.32
0.60 0.60 £ 0.01 2.21 100.47
6-Gingerol 14.00 13.95+0.03 0.24 97.10
2.50 245+0.02 0.89 98.11 =S
1.25 1.30£0.01  1.09 103.71 N
Decursin 6.00 6.46+0.03 039  107.70 oo 160 200 300 430 50
5.00 5.25+0.03 0.49 105.10
2.50 2.61+0.02 0.86 104.33
Geniposide 12.50 13.14 £ 0.01 0.03 105.10
5.00 5.0410.01 0.18 100.72 Figure 3: The HPLC chromatogram of the Bangpungtongsung-san
2.50 243+0.02  0.83 97.40 sample (1: BPTSS - A, 2: BPTSS - B, 3: BPTSS - C, 4: BPTSS - D,
Glycyrrhizin 12.50 13.21+£0.04 0.32 105.70 5: BPTSS — E)
5.00 4.87 £0.03 0.55 94.46
2.50 2.38 £0.01 0.51 95.27

2Recovery (%) = (concentration found — original concentration)/concentration spiked
%100 %

Table 4: Components of five marker compounds in commercial Bangpungtongsung-san samples

Content (mg/g)

Paeoniflorin 6-Gingerol Decursin Geniposide Glycyrrhizin
BPTSS-A 1.30 £ 0.08 0.07 £0.02 0.94 +0.06 6.84 £ 0.41 4.66 +1.52
BPTSS-B 1.05+0.02 0.03+£0.08 1.18 £ 0.21 6.26 +0.02 4.20+0.11
BPTSS-C 1.27 £0.11 0.01£0.04 1.27£0.13 6.05+0.03 4.56 +0.22
BPTSS-D 1.25+0.05 0.05+0.04 0.80 +0.09 6.13+0.06 4.60+0.13
BPTSS-E 1.19+£0.12 0.05+0.09 0.93 +£0.07 6.51 +£0.06 4.45+0.15

BPTSS-A: Prepared BPTSS sample, BPTSS-B~E: Four commercial BPTSS sample
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CONCLUSIONS

In this paper, the simultaneous determination of five
markers, paconiflorin, 6-gingerol, decursin, geniposide,
and glycyrrhizin, in Bangpungtongsung-san was established
by HPLC/DAD. The validation of the developed method
verified its reliability and stability. The developed method
successively separated off five marker components in
Bangpungtongsung-san samples. In conclusion, this
HPLC/DAD method was useful for the quality control
of Bangpungtongsung-san.

REFERENCES

64

Choi EM, Ryu EK. Effect of Fangfengtongsheng-san on obese
patients. J Korean Oriental Assoc Study Obesity 2001;1:57-62.

Kim HJ, Park OS, Kim KS, Cha JH, Kim YB. The Effect of
Bangpungtongsung-San on model of allergic rhinitis. J Korean
Oriental Med Ophthalmol Otolaryngol Dermatol 2006;19:21-30.
Kim HJ, Yoon KM, Im EY, Byun JS, Kim DJ, Kwak MA. Three
case report of Bangpungtongsung-san effect on improvement
of hypertension patients. Korean J Oriental Physiol Pathol
2009;23:740-3.

Son JM, Hong SU. The effects of Bangpungtongsungsan

10.

extract to the skin damage on mice model after atopic dermatitis
elicitation. J Korean Oriental Med Ophthalmol Otolaryngol
Dermatol 2007;20:99-114.

Korea Food and Drug Administration. The Korean Herbal
Pharmacopoeia. Seoul: Dongwon-Moonwhasa; 2002.

Jiang WY. Therapeutic wisdom in traditional Chinese medicine:
a perspective from modern science. Trends Pharmacol Sci
2005;26:558 -63.

Liu S, Yi Lz, Liang YZ. Traditional Chinese medicine and
separation science. J Sep Sci 2008;31:2113-37.

Yunfei L, Haibin Q, Yiyu C. Identification of major constituents
in the traditional Chinese medicine “QI-SHEN-YI-QI” dropping
pill by high-performance liquid chromatography coupled with
diode array detection-electrospray ionization tandem mass
spectrometry. J Pharm Biomed Anal 2008;47:407-12.

Liang X, Zhang X, Dai W, Lv Y, Yan S, Zhang W. A combined
HPLC-PDAand HPLC-MS method for quantitative and qualitative
analysis of 10 major constituents in the traditional Chinese
medicine Zuo Gui Wan. J Pharm Biomed Anal 2009;49:931-6.

Ouyang LQ, Wu HL, Nie JF, Zhang Y, Zou HY, Fu HY, et al.
Simultaneous determination of psoralen and isopsoralen in
plasma and Chinese medicine Xian Ling Gu Bao capsule by
using HPLC-DAD coupled with alternating trilinear decomposition
algorithm. Anal Chim Acta 2009;650:160-6.

Source of Support: Nil, Conflict of Interest: None declared

Pharmacognosy Magazine | Jan-Mar 2011 | Vol 7 | Issue 25



