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Quantitative Analysis of the Marker Constituents in Yongdamsagan-Tang
using Liquid Chromatography-Electrospray Ionization-Tandem Mass
Spectrometry

Chang-Seob Seo and Hyekyung Ha™
K-herb Research Center, Korea Institute of Oriental Medicine, 1672 Yuseong-daero, Yuseong-gu, Daejeon 34054, Korea

Abstract — Yongdamsagan-tang has been used to treat the urinary disorders, acute- and chronic-urethritis, and cystitis in Korea.
In this study, an ultra—performance liquid chromatography—electrospray ionization-mass spectrometry (UPLC-ESI-MS/MS)
method was established for simultaneous analysis of the 20 bioactive marker compounds, geniposidic acid, chlorogenic acid,
geniposide, liquiritin apioside, acteoside, calceolarioside B, liquiritin, nodakenin, baicalin, liquiritigenin, wogonoside, baicalein,
glycyrrhizin, wogonin, glycyrrhizin, wogonin, saikosaponin A, decursin, decursinol angelate, alisol B, alisol B acetate, and pachy-
mic acid in traditional herbal formula, Yongdamsagan-tang. Chromatographic separations of all marker compounds were con-
ducted using a Waters Acquity UPLC BEH C,; analytical column (2.1 x 100 mm, 1.7 pm) at 45°C using a mobile phase of 0.1%
(v/v) formic acid in water and acetonitrile with gradient elution. The MS analysis was performed using a Waters ACQUITY
TQD LC-MS/MS coupled with an electrospray ionization source in the positive and negative modes. The flow rate was 0.3 mL/min
and injection volume was 2.0 pL. The correlation coefficient of 20 marker compounds in the test ranges was 0.9943—1.0000.
The limits of detection and quantification values of the all marker components were 0.11-6.66 and 0.34-19.99 ng/mL, respec-
tively. As a result of the analysis using the optimized LC-ESI-MS/MS method, three compounds, geniposidic acid (from Plan-
taginis Semen), alisol B (from Alismatis Rhizoma), and pachymic acid (from Poria Sclerotium), were not detected in this
sample. While the amounts of the 17 compounds except for the geniposidic acid, alisol B, and pachymic acid were 0.04—548.13
pg/g in Yongdamsagan-tang sample. Among these compounds, baicalin, bioactive marker compound of Scutellariae Radix, was
detected at the highest amount as a 548.13 pg/g.
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Table I. Composition of Yongdamsagan-tang
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< ChemFaces(Wuhan, China) ¥ nodakenin, decursin %
decursinol angelates= NPC Bio Technology(Yeongi, Korea)
oA Y3+ L™, chlorogenic acid, liquiritin apioside,
baicalein 2 wogonoside= Acros Organics(Pittsburgh, PA,
USA), Shanghai Sunny Biotech(Shanghai, China), Sigma-
Aldrich(St. Louis, MO, USA) ¥ Tauto Biotech(Shanghai,
China)27-E] ZH} F43l3ith(Fig. 1). ol& 259 &=
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Scientific name Family Parts of using Origin Amount (g)
Gentiana scabra Bunge Gentianaceae ~ Root and Rhizome China 3.750
Bupleurum falcatum Linne Umbelliferae Root Gurye, Korea 3.750
Alisma orientale Juzepczuk Alismataceae Rhizome Yeongcheon, Korea 3.750
Akebia quinata Decaisne Lardizabalaceae Stem Yeongcheon, Korea 1.875
Plantago asiatica Linne Plantaginaceae Seed China 1.875
Poria cocos Wolf Polyporaceae Sclerotium Pyeongchang, Korea  1.875
Rehmannia glutinosa (Gaertner) Liboschitz ex Steudel Scrophulariaceae Root Gunwi, Korea 1.875
Angelica gigas Nakai Umbelliferae Root Bonghwa, Korea 1.875
Gardenia jasminoides Ellis Rubiaceae Fruit Gurye, Korea 1.875
Scutellaria baicalensis Georgi Labiatae Root Gurye, Korea 1.875
Glycyrrhiza uralensis Fischer Leguminosae ~ Root and Rhizome China 1.875
Total amount 26.250
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Fig. 1. Chemical structures of biomarker compounds of Yongdamsagan-tang.
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Table II. Conditions for LC-MS/MS analysis of Yongdamsagan-tang
HPLC condition

Column ACQUITY UPLC BEH C,
(2.1 x 100 mm, 1.7 pm)

Flow rate 0.3 mL/min

Injection volume 2.0 uL

Column temperature 45°C

Sample temperature 5°C

Mobile phase Time (min) A (%) B (%)
0 80 20
0.1 80 20
14.0 5 95
15.0 0 100
15.1 80 20
18.1 80 20

MS condition

Capillary voltage (kV) 33

Extract voltage (V) 3.0

Source temperature (°C) 120

RF lens (V) 0.3

Desolvation temperature (°C) 300

Desolvation gas (L/h) 600

Cone gas (L/h) 50

Collision gas (mL/min) 0.14

IO.l%(v/v) formic acid in water
2 .
Acetonitrile
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LC-MS/MS BMZ=A &7 - §erige] 44 A =
A1 %.9] saikosapinin A, B]A}2] aliso B} alisol B acetate,
%= 9] chlorogenic acid®} calceolarisoide B, 2} %}2]
acteoside, geniposide ¥ geniposidic acid, £732] pachymic
acid, ¥712] nodakenin, decursin 2 decursinol angelate, X]
2] geniposide, ¥=2] baicalin, baicalein, wogonoside %
wogonin 2 7+%9] glycyrrhizin, liquiritin, liquiritin apioside
9 liquiritigenin 5 205l tsle] LC-MS/MS MRM 4
HE ol&ste] FAl S AT e A& UPLC
BEH C (2.1 x 100 mm, 1.7 pum) ¥48 28 AR&-3lo]
sl ol 5o E2e =3 HEs B opllEve|ERY
I 2ke] H7F oARE gelste] A o] B4 21 TAst
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3ld o] s/de ol8-ato] ESI o] ol BES} 5ol
R oA Table 119} 1] 272 MRM #4848
A3}; BE Aol 155 oJulE EHUch

A, ZAESH| ¥ HESH| & - Geniposidic acidE
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Table III. Linearities, regression equation, correlation coefficients, LOD, and LOQ for marker compounds

Compound

Linear range (ng/mL) Regression equation

Correlation coefficient LOD (ng/mL) LOQ (ng/mL)

Geniposidic acid
Chlorogenic acid
Geniposide
Liquiritin apioside
Acteoside
Calceolarioside B
Liquiritin
Nodakenin
Baicalin
Liquiritigenin
Wogonoside
Baicalein
Glycyrrhizin
Wogonin
Saikosaponin A
Decursin
Decursinol angelate
Alisol B

Alisol B acetate
Pachymic acid

O_

S

(=Rl - == e - = =l = e A = e = I = =l e R e R e )
|

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

y = 1.08x — 16.78
y = 2.06x — 27.62
y = 0.24x — 2.69
y =1787x — 25.18
y = 4381x — 33.99
y =395 — 12.72
y = 895x — 6.62

y = 21.41x — 137.19
y = 13.71x — 192.14

y = 2698x — 92.39
y = 7543x — 36.21
y = 1.78x + 4237
y = 346x — 31.98

y = 105.76x + 21.44

y =715z — 14.71

y = 22299 + 206.64

y = 80.80x + 66.10
y = 5.25x + 24.48
y = 7.67x — 27.60
y = 1.52x — 6.98

0.9953 3.49 10.48
0.9943 1.50 4.50
0.9961 6.66 19.99
0.9997 0.55 1.65
0.9987 2.18 6.55
0.9994 1.43 428
0.9995 1.14 3.41
0.9993 0.21 0.64
0.9956 2.00 6.00
0.9996 0.11 0.34
0.9999 1.50 4.50
0.9796 1.00 3.00
0.9982 1.42 427
0.9999 1.50 4.50
0.9998 0.49 1.46
1.0000 0.38 1.13
0.9999 0.96 2.89
0.9970 0.32 0.97
0.9989 0.37 1.10
0.9972 1.05 3.16
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HIERE 2089] ZdiEell et A4l 0, 10, 50, 100 3 500
ng/mLe] = WM Fo WE 32 AL o] g5l
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S ISt Egk AE S (limit of detection, LOD)2}
4 &S (limit of quantification, LOQ)= A% o] 3 H]
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X]-}H 7—‘[,,]. z} /\-] =] o] XT}\-]}\-] = L]-E}lﬂ 71—0] 0.9943—
1 000002 =3+ 2d4S Yehfiglom, LODE} LOQ %

2 (.11-6.66 ng/mLé} 0.34-19.99 ng/mLE ZHz} vebsth
(Table 110).
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LC-MSMSE |83t 11529 Aotem 745 SRt
g 5 78 AR I E4E2 S8l 0.1% 7Hrlste] ghr
d oM EYo|ELE] o] AL R AR RO
A 2052 23Rl gk 4} o2& 8 slth. 2 At
geniposidic acid, chlorogenic acid, geniposide, liquiritin
apioside, acteoside, calceolarioside B, liquiritin, glycyrrhizin,
saikosaponin A ¥ pachymic acid 5 1052 m/z 3732, 3532,
3872, 5493, 6234, 4773, 4174, 8219, 779.7 & 527.6°14
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QRS iz 4094, 4473, 2572, 4613, 271.1, 285.1, 329.2,
3292, 473.6 2 51560014 [M+H] FEje] £2} o] vaE
7}7} 801319 th(Table 1V). 3 LC-MS/MSE ©]-8-31]
ol 9 ol Brofr 54 H X3i duEd digt &
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B [Caffeoyl-H,0] ¢ el m/z 161.08 Q32 43}

[M-H] FEele] 4} o] 35 RIS 2, nodakenin,
baicalin, liquiritigenin, wogonoside, baicalein, wogomn, decursin,
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= 10Z9]

93\‘3]'.26'27) Liquiritin, nodakenin
417.4, 409.4 2 779.791A
E5F glucose RFEAPF @izl [M-H-Glu],

7}7} slol=

i | —11__

saikosaponin AT m/z
H Q1 FFZANA Al AE

[M+H-Glu]"

=i
=~

Table IV. Chromatographic retention time, MRM parameters, cone voltage, and collision energy for marker compounds

Compound Mode Retention time ~ Molecular  Precursor ion Product ion Cone voltage  Collision
P (min) weight (Da) (m/z) (m/z) V) energy (eV)
Geniposidic acid [M—H] 0.79 3743 3732 123.0 25 20
Chlorogenic acid [M—H] 0.80 3543 353.2 191.0 20 20
Geniposide [M—H] 1.22 388.4 387.2 123.0 25 15
Liquiritin apioside [M—H] 1.53 550.5 549.3 255.0 45 30
Acteoside [M—H] 1.55 624.6 623.4 161.0 45 35
Calceolarioside B [M—H] 1.62 478.5 477.3 161.0 35 25
Liquiritin [M—H] 1.65 4184 4174 255.2 30 15
Nodakenin [M+H]" 1.85 408.4 409.4 2472 30 15
Baicalin [M+H]" 2.68 446.4 4473 271.0 25 15
Liquiritigenin [M+H]" 2.99 256.3 257.2 137.0 35 25
Wogonoside [M+H] 3.57 460.4 461.3 285.1 30 20
Baicalein [M+H] 4.50 270.2 271.1 123.0 40 30
Glycyrrhizin [M—H] 5.20 822.9 821.9 351.2 45 40
Wogonin [M+H] 5.75 284.3 285.1 270.0 40 20
Saikosaponin A [M—H] 6.06 781.0 779.7 617.3 45 35
Decursin [M+H]" 8.04 328.4 329.2 229.0 35 20
Decursinol angelate [M+H] 8.15 328.4 329.2 229.0 35 20
Alisol B [M+H]" 10.57 472.7 473.6 365.4 30 15
Alisol B acetate [M+H] 11.6 514.7 515.6 4375 20 15
Pachymic acid [M—H] 11.97 528.8 527.6 465.4 45 35
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Fig. 2. Total ion chromatograms of the 20 standard mixtures (A) and Yongdamsagan-tang sample (B) by LC-MS/MS MRM mode.
Geniposidic acid (1), chlorogenic acid (2), geniposide (3), liquiritin apioside (4), acteoside (5), calceolarioside B (6), liquiritin (7),
nodakenin (8), baicalin (9), liquiritigenin (10), wogonoside (11), baicalein (12), glycyrrhizin (13), wogonin (14), saikosaponin A
(15), decursin (16), decursinol angelate (17), alisol B (18), alisol B acetate (19), and pachymic acid (20).
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Table V. Amount of marker compounds in Yongdamsagan-tang (n = 3)

Amount (ug/g)

Compound Source
Mean SD RSD (%)
Geniposidic acid ND' - - P. asiatica
Chlorogenic acid 34.78 1.23 3.55 A. quinata
Geniposide 114.14 6.42 5.62 P asiatica and G jasminoides
Liquiritin apioside 21.27 0.53 2.49 G uralensis
Acteoside 4.55 0.15 3.29 P asiatica
Calceolarioside B 0.18 0.01 3.89 A. quinata
Liquiritin 23.56 0.25 1.06 G uralensis
Nodakenin 16.54 0.34 2.05 A. gigas
Baicalin 548.13 7.76 1.42 S. baicalensis
Liquiritigenin 1.29 0.03 2.49 G uralensis
Wogonoside 101.55 1.72 1.70 S. baicalensis
Baicalein 81.29 2.23 2.74 S. baicalensis
Glycyrrhizin 35.91 0.78 2.17 G uralensis
Wogonin 5.00 0.05 1.00 S. baicalensis
Saikosaponin A 5.43 0.01 0.20 B. falcatum
Sum (Decursin and Decursinol angelate) 6.23 0.02 0.29 A. gigas
Alisol B ND - - A. orientale
Alisol B acetate 0.04 0.00 6.73 A. orientale
Pachymic acid ND - - P cocos

'ND: not detected.

AcOH]” ¥ [M-H-H,0-CO,| &

2 B Aol A /‘év‘i‘—ﬁi gk 202 A& tist AR tisle] geniposidic acid, chlorogenic acid, geniposide,
o Q1 2 Q3= AAI & ey B8 24 liquiritin apioside, acteoside, calceolarioside B, liquiriti
Skt AAE LC-MS/MS MRM EA41HL o] &3te] Q8 nodakenin, baicalin, liquiritigenin, wogonoside,

NHo B

47 JSIATH ol9) o]

m
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H]ke7] 2t Aol AE oA

glycyrrhizin, wogonin, glycyrrhizin, wogonin, saikosaponin

= 3ok x

- LT

A 5 el g7
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