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Abstract: An advanced and reliable high performance liquid chromatography (HPLC)/ultraviolet detector (UV)/ion-trap time-
of-flight (IT-TOF) mass spectrometry was developed for the simultaneous quantification of 19 marker compounds in Bang-
poong-tong-sung-san (BPTS), a traditional oriental prescription. Various parameters affecting HPLC separation and IT-TOF
detection were investigated, and optimized conditions were identified. The separation was achieved on a Capcell PAK C18 col-
umn (1.5 mm x 250 mm, 5 pm particle size) using a gradient elution of acetonitrile and water containing 0.1% formic acid at a
flow rate of 0.1 mL/min. The column temperature was maintained at 40°C and the injection volume was 2 pL. IT-TOF system
was equipped with an electrospray ion source (ESI) operating in positive or negative ion mode. The optimized electrospray ion-
ization parameters were as follows: ion spray voltage, +4.5 kV (positive ion mode), or -3.5 kV (negative ion mode); drying gas
(N,), 1.5 L/min; heat block temperature, 200°C. Automatic MS" (n = 1~3) analyses were carried out to obtain structural informa-
tion of analytes. Elemental compositions and their mass errors were calculated based on their accurate masses obtained from a
formula predictor software. The marker compounds in BPTS were identified by comparisons between MS" spectra from stan-
dards and those from extracts. Moreover, the libraries of MS*and MS? spectra and accurate masses of parent and fragment ions
for marker compounds were constructed. The developed method was successfully applied to the BPTS extracts and identified 17
out of 19 marker compounds in the BPTS extracts.

Keywords: traditional oriental prescription, Bang-poong-tong-sung-san, high performance liquid chromatography, ion-trap,

time-of-flight mass spectrometry

Introduction

Bang-poong-tong-sung-san (BPTS) is a traditional
oriental prescription, which is described in Sun-myung-
non-bang, a classical literature of the oriental medicine.
BPTS was widely known to be effective in stroke,
hypertension, arteriosclerosis, constipation and cutaneous
disease. It was also reported that BPTS has effects on
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obesity and hyperlipidemia. The prescription of BPTS is
composed of 18 medicinal herbs as follows; Cnidii
Rhizoma, Ledebouriellae Radix, Angelicae gigantis Radlix,
Paeonia Radix Alba, Menthae Herba, Forsythiae fructus,
Ephedrae herba, Natrii sulfas, Rhei Radix et Rhizoma,
Gypsum Fibrosum, Platycodi Radix, Scutellariae Radlix,
Atractylodis Macrocephalae Rhizoma, Nepetae Herba,
Talcum, Gardeniae Fructus, Glycyrrhizae Radix and
Zingiberis Rhizoma Crudus.'?

The marker compounds of BPTS were 24 components
proposed by Korea Institute of Oriental Medicine (Daejeon,
Korea). The therapeutic effects of BPTS were influenced by
many complex components of the prescription. In order to
investigate the effect of BPTS, the nature of the various
components in the prescription is very important. The
chemical profile and pharmaceutical efficacy of BPTS may
be significantly affected by geographical sources, harvesting,
processing and storage of medicinal herbs. Therefore, the
quality control method for the marker compounds of BPTS is
needed to assure its efficacy and quality.’
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In the past few years, hyphenated mass spectrometry
techniques have developed for the identification of the
bioactive compounds in traditional Chinese medicine
prescription. It was mainly used liquid chromatography-
tandem mass spectrometry (LC-MS/MS),** LC-ion trap
MS,”® LC-time-of-flight (TOF) MS”'* and quadrupole-
TOF (Q-TOF) MS."""> These mass spectrometry techniques
are useful due to identify components selectively in
complicated herbal matrix. IT-TOF MS used in this study
has merits which can simultaneously measure accurate
masses of analytes and perform MS" analysis. Thus
identification of compounds could be accurate. The
analytical research of BPTS components was not
previously carried out.

In this study, we conducted development of qualitative
detection method and chemical profiling of 19 marker
compounds of BPTS using LC/UV-IT-TOF MS system.
The hybrid ion-trap time-of-flight (IT-TOF) mass
spectrometry is a powerful tool for screening and
identification. The MS" (n= 1~10) ability of the ion-trap
mass spectrometry gives more structural information than
triple quadrupole mass spectrometry, and the time-of-flight
(TOF) mass spectrometry can obtain accurate mass. Thus,
IT-TOF gives more accurate structural information about
precursor and product ions by adopting MS" analysis and
accurate mass measurement.

To the best of our knowledge, this is the first study on the
integrated chemical identification of the BPTS preparation
and could help quality control and understand of
relationship of efficacy and chemical profile.

Experimental

Chemicals and Reagents

The BPTS extract powder and the marker compound
standards (ephedrine, albiflorin, paeoniflorin, paeonol,
nodakenin, decursin, decursinol angelate, liquiritin,
isoliquiritin, isoliquiritigenin, liquiritigenin, glycyrrhizin, 6-
gingerol, sennoside A, menthol, menthone, geniposide,
baicalin, baicalein, wogonin and wogonoside) were
provided from Korea Institute of Oriental Medicine
(Daejeon, Korea). Glacial acetic acid (99.7%), formic acid
(98%) and ammonium formate were purchased from Sigma
Aldrich (St. Louis, MO, USA). High-performance liquid
chromatography (HPLC)-grade water was obtained from
Fisher Scientific (Fair Lawn, NJ, USA). HPLC-grade
methanol and acetonitrile were from J. T. Baker
(Phillipsburg, NJ, USA). All other chemicals used were
analytical grade.

Standard and sample preparation

All standard reference powder of marker compounds
were dissolved in dimethylsulfoxide (DMSO) at
appropriate concentration and mixed all. Then, diluted with
50% methanol. A standard mixture solution was prepared
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for 50 pg/mL of each compounds except for 500 pg/mL of
paeonol.

Extraction was performed by adding 10 mL of methanol
to 0.1 g of the provided BPTS extract powder, vortexing for
10 min and sonicating for 30 min. The extracted solution
was centrifuged at 4,000 rpm for 10 min. The supernatant
was filitered by a 0.45 um nylon filter, and the filtrate was
injected to LC/UV-IT-TOF MS.

Instrumentations and separation conditions

The marker compounds of BPTS were analyzed by
Shimadzu Prominence LC-20 series HPLC system with IT-
TOF MS spectrometer equipped with an electrospray
ionization source (Shimadzu, Kyoto, Japan). The
chromatographic separation was performed by Capcell Pak
C18 column (1.5 mm x 250 mm, 5 pum, Shiseido, Tokyo,
Japan). The temperature of the column and autosampler was
kept at 40°C and 10°C, respectively. All marker compounds
showed optimized sensitivity and resolution at 0.1% formic
acid for aqueous part of mobile phase when compared with
0.1% formic acid, 0.1% acetic acid and 5 mM ammonium
formate. Gradient elution of the mobile phase was composed
of a 0.1% formic acid aqueous solution (solvent A) and
acetonitrile (solvent B). The flow rate was 0.1 mL/min with
the following gradient program: 0% (B) for 0-10 min, linear
gradient to 50% (B) for 10-150 min, 50-100% (B) for 150-
150.01 min, holding at 100% (B) for 150.01-160 min, and
then returning to 0% (B) for column equilibration. The total
run time was 175 min. The sample injection volumn was
2 pL. The wavelength of UV detector were 230 and 254 nm.
The mass spectrometry was calibrated daily by use of sodium
trifluoroacetate solution. The HPLC and mass spectrometry
were controlled by LabSolution (Ver. 3.1.360) software
(Shimadzu, Kyoto, Japan).

MS" analysis

The MS detection was conducted in positive and negative
ion mode for all compounds in scan range of m/z 100-1000.
All marker compounds were used MS data in positive ion
mode except for sennoside A. Capillary voltages were
+4.5kV (positive ion mode), and -3.5kV (negative ion
mode) and heat block temperature was 200°C. Nebulizing
gas (N,) flow was 1.5L/min and MS" analysis was
automatic MS" (n=1-3) by order of intensity. The
precursor ion was selected over the range of m/z 100 to
1000 and the MS" spectra were obtained at the relative
collision energy of 150%. Three precursor ions were
selected automatically by order of their intensity (over
100,000 cps). Ion accumulation time in the ion trap was set
to 10 ms for both MS and MS" (n=2~3) mode. Data
acquisition, processing and prediction of chemical formula
were performed by LCMS solution (Ver. 3.60) software
package (Shimadzu, Kyoto, Japan). The MS? and MS’
libraries were built by library editor software included in
LCMS solution software.
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Results and discussion

We developed LC/UV-IT-TOF mass spectrometry method
for the qualitative analysis of BPTS extract and marker
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Figure 1. Total ion chromatograms of (a) standard mixture, (b)
BPTS extract and (c) UV chromatogram of standard mixture;
(A) ephedrine, (B) geniposide, (C) albiflorin, (D) paeoniflorin,
(E) liquiritin, (F) nodakenin, (G) sennoside A, (H) isoliquiritin,
(D) liquiritigenin, (J) baicalin, (K) paeonol, (L) wogonoside, (M)
baicalein, (N) isoliquiritigenin, (O) wogonin, (P) 6-gingerol, (Q)
glycyrrhizin, (R) decursin and (S) decursinol angelate.
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components identification was carried out by comparing with
accurate mass of the molecular ion, and the fragment ion and
retention time of the standard reference. This high accuracy
mass spectrometry was enable to distingush of tiny mass
difference of the compounds and to identify easily. The 19
standard compounds out of 21 marker compounds in BPTS
favorably detected as follows; ephedrine, albiflorin, paeon-
iflorin, nodakenin, decursin, decursinol angelate, liquiritin,
isoliquiritin, isoliquiritigenin, liquiritigenin, glycyrrihizin, 6-
gingerol, sennoside A, geniposide, baicalin, baicalein, wogonin
and wogonoside. The menthol and menthone were not detected
in mass spectrometry due to their high volatility. The molecular
ion peaks of all marker compounds were found in positive ion
mode. While that of sennoside A was not detected in positive
mode due to in-source collision. Because we could find
molecular ion [M-H] of sennoside A in negatve ion mode,
we used identification data of sennoside A in this detection
mode. MS" analysis was produced up to MS®. The values of
mass error were almost obtained within less than 20 ppm in
standards and BPTS extract samples. In the HPLC/UV
chromatogram, 19 standard marker compounds were better
detected in 230 nm than 254 nm. The total ion chromatogram
of IT-TOF and UV chromatogram are shown in Figure 1.
For example, the MS spectra and the fragment pattern of
chemical structure for glycyrrhizin in positive ion mode are
demonstrated in Figure 2. Glycyrrhizin is a marker
compound of Glycyrrhizae Radix et Rhizoma in BPTS and
observed at the retention time of 123.3 min. The molecular
ion of glycyrrhizin standard was found at m/z 823.4050
[M+H]" in MS'. Its fragment ions were detected at m/z
6473733 and m/z 453.3330 which are metabolites of
glycyrrhizin, that are 18B-glycyrrhetinic acid mono-
glucuronide and dehydration form of 18B-glycyrrhetinic
acid. They were generated by loss of one and two
glucuronic acid due to in-source collision and were
detected in MS'. In the MS? spectrum, same fragament ions

(b) m/z 8234111
m/z 4533363 _‘ H*
« .

HO OH——> m/z 647.3790
OH

m/z 453433635

Figure 2. Representative (a) MS/MS spectra and (b) fragmentation mechanism of glycyrrhizin in methanol extract.
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Table 1. The chemical profile of BPTS marker compounds

. ) . Standard Extract
Compounds Retention MS? Chemical Theoretical
p time (min) formula mass (m/z) Measured error Measured error (ppm)
mass (m/z)  (ppm)  mass (m/z)
MS [M+H]"  C;(H;sNO 166.1226 166.1220 -3.61 166.1214 -7.22
.16 MS? CioHisN 148.1121 148.1103 -12.15 148.1097 -16.20
ephedrine 2541
MS? CoHoN 133.0886 133.0865 -15.78 133.0896 7.51
CoHy 117.0699 117.0680 -16.23 117.0669 -25.63
MS [M+Na]"  C;;H,,05 411.1262 411.1235 -6.57 411.1224 -9.24
T C1H405 249.0733 249.0682 -20.48 249.0709 -9.64
geniposide 49.91 )
MS CioH; 004 217.0471 217.0432 -18.43 217.0435 -16.59
CeH,00s 185.0420 185.0429 4.86 185.0411 -4.86
MS [M+Na]"  C,3Ha0y; 503.1524 503.1513 -2.19 503.1489 -6.96
Ci6H2,09 381.1156 381.1112 -11.55 - -
albiflorin'"'® 52.07 MS? C,;H,404 341.0996 341.0951 -13.19  341.0962 -9.97
CioH,0, 219.0628 219.0604 -10.96 - -
MS? Cy7H ;405 323.0890 323.0892 0.62 323.0892 0.62
MS [M+Na]"  Cy3HaOyy 503.1524 503.1513 -2.19 503.1474 -9.94
. 1719 C16H2,09 381.1156 381.1112 -11.55 381.1125 -8.13
peoniflorin 55.11 )
MS C7H 506 341.0996 341.0934 -18.18 341.0926 -20.52
CioH,04 219.0628 219.0604 -10.96 219.0602 -11.87
MS [M+Na]"  CyH,,0, 441.1156 441.1133 -5.21 441.1123 -7.48
MS
liquiritin™42 62.50 [M-Gle+H]" CisH,0, 257.0808 257.0765 -16.73 257.0759 -19.06
MS? CoH,0, 147.0441 147.0432 -6.12 147.0421 -13.60
C,H,04 137.0233 137.0227 -4.38 137.0217 -11.68
MS [M+H]" CyoH,409 409.1493 409.1455 -9.29 409.1422 -17.35
. a1 MS? C4H40, 247.0965 247.0924 -16.59 247.0916 -19.83
nodakenin 67.18
MS? C4H,0;5 229.0859 229.0809 -21.83 229.0799 -26.19
CoHeO; 175.0390 175.0365 -14.28 175.0351 -22.28
MS [M-HT C4H3304 861.1884 861.1827 -6.62
MS2 C;36H2505 699.1355 699.1302 -7.58
C;30H5010 537.0827 537.0763 -11.92
sennoside A™ 73.59 CpoH 505 493.0929 493.0888  -8.31 N.D.* N.D.
MS? CysH,30¢ 449.1031 449.0945 -19.15
Cy5HoOs 268.0377 268.0339 -14.18
C,HqO4 224.0479 224.0466 -5.80
MS [M+H]" C,1H,,09 419.1337 419.1308 -6.92 419.1283 -12.88
o MS? CsH 04 257.0808 257.0775 -12.84 257.0759 -19.06
isoliquiritin 78.64
MS? CoHgO, 147.0441 147.0436 -3.40 147.0423 -12.24
C,H,04 137.0233 137.0209 -17.52 137.0213 -14.60
MS [M+H]" CsH,0, 257.0808 257.0774 -13.23 257.0765 -16.73
o ) CoHgO, 147.0441 147.0429 -8.16 147.0429 -8.16
liquiritigenin 80.42 MS
C,H,04 137.0233 137.0222 -8.03 137.0222 -8.03
MS? CeHs0, 109.0284 109.0354 64.20 109.0153 -120.15
L MS C,H50yy 447.0922 447.0886 -8.05 447.0882 -8.95
baicalin 82.05 )
MS Cy5H;(Os 271.0601 271.0575 -9.59 271.0563 -14.02
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Table 1. Continued

) ) . Standard Extract
Compounds Retention MS? Chemical Theoretical " "
p time (min) formula mass (m/z) Measure error Measure error (ppm)
mass (m/z)  (ppm)  mass (m/z)
o s Cy5H50, 253.0501 253.0463  -15.02  253.0455  -18.18
baicalin 82.05 MS
CsH;0;4 123.0077 123.0064  -10.57  123.0054  -18.70
MS [M+H]"  CoH,,0;3 167.0703 167.0682  -12.57
paeonol'*? 91.82 MS? CyH;0, 149.0597 149.0579  -12.08 N.D. N.D.
MS? CeH,0 121.0648 121.0622  -21.48
MS CyH,0y 461.1078 461.1027  -11.06  461.1031 -10.19
wogonoside 94.08 MS? C16H1,05 285.0758 285.0736 172 285.0709  -17.19
MS? C,5Hy0s5 270.0528 270.0496  -11.85  270.0479  -18.14
MS C,5H;405 271.0601 271.0565  -1328  271.0558  -15.86
o C,sH0, 253.0501 253.0463  -15.02  253.0466  -13.83
baicalein 101.10 )
MS C,H;0;5 169.0132 169.0109  -13.61 169.0077  -32.54
CeH;0;4 123.0077 123.0060  -13.82  123.0057  -16.26
MS [M+H]"  C;sH,0, 257.0808 257.0773  -13.61  257.0772  -14.00
isoliquiritigenin®® 104.99 MS? CyHgO, 147.0441 147.0428 -8.84 147.0413 -19.04
C,H,0;4 137.0233 137.0221 -8.76 137.0208  -18.25
MS Cy6H;,05 285.0758 2850719  -13.68  285.0702  -19.64
- ooma MS? C,5Hy05 270.0528 270.0491  -13.70  270.0469  -21.85
wogonin™ 116.99
MS? C,sH0, 252.0471 252.0389  -32.53  252.0391 31.74
C,,Hy0, 241.0501 241.0450  -21.16  241.0414  -36.09
MS [M+Na]"  C,;H,s0,4 317.1723 317.1678  -14.19  317.1678  -14.19
6-gingerol*’ 120.93 MS [M- C,,H,,04 277.1798 277.1757  -1479  277.1750  -17.32
H,O+H]
MS? CH,405 217.0835 217.0816 -8.75 217.0737  -45.14
MS [M+H]"  C,HgO6 823.4111 823.4050 -7.41 823.3996  -13.97
e 5 C36Hs5,040 647.3790 647.3726 -9.89 647.3668  -18.85
glycyrrhizin™ 123.27 MS
C30H440; 4533363 4533280  -18.31 4533277  -18.97
MS? CyoHy0 407.3308 4073241  -1645  407.3329 5.16
MS [M+H]"  C,gH,Os5 329.1384 329.1342  -12.76  329.1324  -18.23
decursin®® 146.01 MS? C1,H,,0; 229.0859 229.0832  -11.79  229.0812  -20.52
MS? C,,H,,0, 211.0754 211.0717  -17.53  211.0754  -22.74
MS [M+H]"  C,gH,Os 329.1384 329.1338  -13.98  329.1324  -18.23
decursinol angelate’  147.10 MS? C4H},04 229.0859 229.0832  -11.79  229.0812  -20.52
MS? CH,,0, 211.0754 211.0718  -17.06  211.0706  -22.74

N.D.* : not detected

were found. The eliminated form of formic acid from m/z
453.3280 was detected at m/z 407.3308 in MS’. These
results were similar with those reported in previous
studies.”**

In the methanol extract of BPTS, 17 marker compounds
were detected except for paeonol and sennoside A when
applied with a optimized condition of the LC/UV-IT-TOF
mass spectrometry. We confirmed that baicalin and
wogonoside are present in high concentration in BPTS
extract. They are marker compounds of Scutellariae Radix

in BPTS. The most sensitive compound in total ion
chromatogram of BPTS extract was baicalin. Baicalin
which is a form of glucuronic acid added to baicalein was
detected at m/z 447.0882 for the molecular ion in MS'. The
fragment ion of baicalin was m/z 271.0563 same as
baicalein by loss of glucuronic acid. In the MS? spectrum,
the fragment ions of baicalin were generated to m/z
253.0455 and m/z 123.0054. The relation of wogonoside
and wogonin was like as the relation of baicalin and
baicalein. Wogonoside is glucuronidation form of wogonin.

Mass Spectrom. Lett. 2014 Vol. 5, No. 1,24-29 28
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Decursin and decursinol angelate were isomer relation and
only detected in positive ion mode. Because these
compounds are impossible to distinguish in same retention
time, they have to be separated. The retention time of two
compounds were 146.0 and 147.1 min which were the
lastest in marker compounds. They were observed
molecular ion peak at m/z 329.1324 [M+H]" and same
fragmentation pattern of m/z 229.0812, 211.0754 for
decursin and m/z 229.0812, 211.0706 for decursinol
angelate. This result coincide with the previous report."”
The MS spectra and fragment pattern of the rest of marker
compounds were represented in the supplementary data.
The chemical profile of BPTS marker compounds was
shown in Table 1. We expected the fragment pattern of
marker compounds by reference to many of literatures. We
confirm that the measured accurate ion masses and
fragment patterns for standard and BPTS extract are almost
identical. It means that expected marker compounds exist in
BPTS. The elemental compositions of molecular and
fragment ion were determined through comparing
theoretical and measured mass of ions. When the standard
mixture of marker compounds was analyzed six times to
validate the repeatability for developed method, retention
time and peak area were less than 1% and 5%, respectively.

Conclusion

A powerful and reliable analytical method using LC/UV-
IT-TOF mass spectrometry for qualification of 19 marker
compounds in BPTS has been successfully developed. The
accurate mass measurement capability and full spectral
sensitivity of IT-TOF mass spectrometry enabled to identify
multiple compounds and build chemical profile. The
elemental composition and fragment pattern of marker
compounds in BPTS extract were identified by comparing
with standard reference. The mass errors of moelcular and
fragment ions were almost under 20 ppm. The developed
method was expected to make for quality control of BPTS.
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