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Quantitative Determination of the Bioactive Marker Components in
Gyeji-tang Using LC-ESI-MS/MS

Chang-Seob Seo and Hyekyung Ha*

K-herb Research Center, Korea Institute of Oriental Medicine, 1672 Yuseong-daero, Yuseong-gu, Daejeon 34054, Korea

Abstract — A traditional herbal formula, Gyeji-tang has been used to treat the early colds, headache, chills, and fever in Asian
countries. In this study, we were performed simultaneous determination of the 14 bioactive marker compounds, gallic acid, spi-
nosin, paeoniflorin, albiflorin, liquiritin apioside, liquiritin, 6"'-feruloylspinosin, liquilitigenin, coumarin, cinnmamic acid, ben-
zoylpaeoniflorin, cinnamaldehyde, glycyrrhizin, and 6-gingerol in Gyeji-tang using an ultra—performance liquid chromatography—
electrospray ionization-mass spectrometry (UPLC-ESI-MS/MS). Analytical column was used a Waters Acquity UPLC BEH
C,; analytical column (2.1x100 mm, 1.7 pm) and maintained at 45°C with a flow rate of 0.3 mL/min. The mobile phase consists
of 0.1% (v/v) formic acid in water and acetonitrile with gradient elution. The MS analysis was conducted using multiple reac-
tion monitoring in the positive and negative modes by a Waters ACQUITY TQD LC-MS/MS system. The calibration curves
of 14 bioactive marker compounds showed linearity with correlation coefficients > 0.9798. The limits of detection and quan-
tification values were in the range of 0.11-6.66 ng/mL and 0.34-19.99 ng/mL, respectively. As a result of the analysis using the
established LC-MS/MS method, the amounts of tested 14 compounds in the lyophilized Gyeji-tang sample were detected up
to 85.7 ug/g. These results may be useful for quality assessment of a traditional herbal formulas.

Keywords — Gyeji-tang, Quantitative determination, LC-ESI-MS/MS

AR R > SOl (REA) Se73 ERIT)S] 3t

T Yl AZR FEEo] FE ), SFER),
A (L), ST T2 BIPE OREAR) S5 (el ]
HEle B34l Mo g AR ¢, Cinnamomi Ramulus),
Z}ok(%j4E, Paeoniae Radix), 743(H#, Glycyrrhizae Radix
et Rhizoma), A37+(4:#, Zingiberis Rhizoma Recens) 2! Uj
Z(K#, Zizyphi Fructus) 5 559 Aoz 7Aoo 9l
o} o]F UM T SEEFR)S TRt TR
i Dol B KR BT BRI ol Sl T, Q3]
oz Ho] U= 5o IAR @) 271 S4E
Bl APt 71250 k. B Ak 9% gkt
319 e g, 2 4% B3 axs =
ol AEo] BAEQeh o] A 3] =
710l F2 AEE AW Fo sl ARES A4 st

=
R
1=}

N

[o

S )

*W A2 ZHE-mail) : hkha@kiom.re.kr
(Tel): +82-42-868-9513

76

=AdE o] dsko g Ao e Fa HEE
Astarzt siginh. weba 2 s sk T4
of st 8 HJEO 2= AR ZHE coumarinZ}
coumarini2} cinnamic acid®} cinnamaldehyde 5=}
phenylpropanoidi,'"'? ZFeko 2 RE] gallic acid S
phenol 2} albiflorin, paeoniflorin 2 paeaoniflorin %=

L 1.'.19_',
W
i

[o5
o=

flo rlo rlo 19 «

A

U He o

oy ml oy

N
=

d

53} 72 monoterpenoidi,"” 72 EHE glycyrrhizin 5
I 7+ triterpene  saponin-2}  liquiritin3}  liquiritin
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Sigma-Aldrich(St. MO, USA),
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Table 1. Composition of Gyeji-tang
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LC-MS/MS 2M= &8 - AXTGS +dshke 559
T4 Ak T AA 9 cinnamaldehyde, cinnamic acid %
coumarin, 2F2F] albiflorin, benzoylpaeoniflorin, gallic acid
9! paeoniflorin, 7+%2] glycyrrhizin, liquiritigenin, liquiritin
apioside % liquiritin, A 73] 6-gingerol ® <] 6"-
feruloylspinosin®} spinosin 5 14%°] ts}e] LC-MS/MS
o5 uH-S-BHA0H (multiple reaction monitoring; MRM)2- ©]
St AT w4E AAlskin ZE 42 UPLC BEH

Scientific name Latin name Family Origin Amount (g)
Cinnamomum cassia Presl Cinnamomi Ramulus Lauraceae Vietnam 1,875.0
Paeonia lactiflora Pallas Paeoniae Radix Paeoniaceae ~ Uiseong, Korea 1,250.0

Glycyrrhiza uralensis Fischer
Zingiber officinale Roscoe

Zizyphus jujube Miller var. inermis Rehder

Glycyrrhizae Radix et Rhizoma Leguminosae
Zingiberis Rhizoma Recens

Zizyphi Fructus

China 625.0
Zingiberaceae Yeongcheon, Korea  625.0

Rhamnaceae Yeongcheon, Korea  625.0

Total amount

3,000.0
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Fig. 1. Chemical structures of biomarker compounds of Gyeji-tang.
Co(2.1x100 mm, 1.7 pm) =218 ZH3} 0.1%(v/v) 7HE]4E HEM | HESHA U M| ZA — Table 112+ 7o)
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Table II. Conditions for LC-MS/MS analysis of Gyeji-tang
HPLC condition

Column ACQUITY UPLC BEH Ci;
(2.1x100 mm, 1.7 pm)

Flow rate 0.3 mL/min

Injection volume 2.0 uL

Column temperature 45°C

Sample temperature 5°C

Time (min) A (%)' B (%)’

0 80 20
0.1 80 20

Mobile phase 14.0 5 95
15.0 0 100
15.1 80 20
18.1 80 20

MS condition

Capillary voltage (kV) 3.3

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

10.1%(v/v) formic acid in water
2 L
Acetonitrile
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HZ 33} 1002 227 AlRkelion, 2 Aa F2 Aol
g LOD9} LOQ %] W9+ 0.11-19.43 ng/mLe} 0.34-
5829 ng/mL=E Z}7} LFERSITH(Table III).

AXE & FE2 5 FME 3 ¥« #HEEM -
LC-MSMSE °o|83to] AR, 2ok, %, A% 2 vz &
559 Aok A ARAE F 78 AR T w4S
Al 0.1% 7Hr]ate] $HrE E3) o EVe|EL o]54
£ olgsto] A& AEoE HHHE 1459 i tigk &
A} ol 35 FA3IAT. L A7 gallic acid, paeoniflorin,
liquiritin ~ apioside, liquiritin, benzoylpaeoniflorin %
glycyrrhizin & 652 m/z 169.0, 479.2, 549.3, 417.4, 583.4
5 821.99014 [M-H] Felo] &4} o] 2 9=S eRlsislie
™, spinosin, albiflorin, 6”-feruloylspinosin, liquiritigenin,
coumarin, cinnamic acid, cinnamaldehyde % 6-gingerol 5
859 AAE-2 miz 609.5, 481.4, 785.5, 257.2, 147.1, 149.1,
133.1 2 2953904 [M+H] FEje] £2} o]& w== 7z}
o151 tH(Table 1V). T3+ LC-MS/MS MRM #2158 o]
&oto] Fol B Yol RuEX F8 HEES] FF &
238 9l Zfzte] AdHe] thsle] precursor ion(Q1)2 product
ion(Q3)& Table IVS} ¥l A7gsilom, 7t 44F2] MRM
=4 24L& vt 2ol A4 st Gallic acide m/z
169.02] Q1 =4 COOH LF°| oA U7+ [M-H-
COOH|” &HISl mz 1250 Q3 9=z HAsgoem,”
spinosine m/z 609.62] Q1 oA glucose 1EAF<}F
C,H0, 1F°] oA Uzt [M+H-Gle-C,H,0,]" FEN<
m/z 3271914 Q3 TS A& th" Paconiflorin}
benzoylpaeoniflorine m/z 479.2¢} 5834914 Q1 H=AE &
o1kl om F AE R% [benzoic acid-H] ¢ FENQ! m/z

Table III. Linearities, regression equation, correlation coefficients, LOD, and LOQ for marker compounds

Compound Linear range Regression equation Correla'tion LOD LOQ

(ng/mL) coefficient (ng/mL) (ng/mL)

Gallic acid (1) 0 — 500 y = 2.08x - 76.48 0.9798 19.43 58.29
Spinosin (2) 0 — 500 y = 11.83x - 47.38 0.9998 1.22 3.66
Paeoniflorin (3) 0 — 500 y =29lIx - 15.66 0.9989 3.10 9.31
Albiflorin (4) 0 — 500 y = 8.85x - 59.99 0.9982 0.27 0.81
Liquiritin apioside (5) 0 — 500 y = 849 - 31.19 0.9997 0.55 1.65
Liquiritin (6) 0 — 500 y = 1051x - 5.61 0.9999 1.14 3.41
6"'-Feruloylspinosin (7) 0 — 500 y = 10.09x - 2.35 0.9999 791 23.73
Liquiritigenin (8) 0 — 500 y = 31.49x - 84.04 0.9999 0.11 0.34
Coumarin (9) 0 — 500 y = 42.82x - 433 1.0000 0.91 2.74
Cinnamic acid (10) 0 — 500 y = 22.26x - 75.02 0.9997 0.87 2.60
Benzoylpaeoniflorin (11) 0 — 500 y = 3.81x - 23.11 0.9972 1.39 4.16
Cinnamaldehyde (12) 0 — 500 y=127x + 1.02 0.9941 4.73 14.20
Glycyrrhizin (13) 0 — 500 y = 328x - 26.71 0.9977 1.42 427
6-Gingerol (14) 0 — 500 y = 11.57x - 96.65 0.9987 0.39 1.16
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Table IV. Chromatographic retention time, MRM parameters, cone voltage, and collision energy for marker compounds

Compound Mode Retention Molecular Precursor Product Cone Collision
p time (min) weight (Da) ion (m/z) ion (m/z)  voltage (V) energy (eV)
Gallic acid (1) [M-H] 0.81 170.1 169.0 125.0 25 15
Spinosin (2) [M+H] 1.37 608.5 609.5 327.2 40 25
Paeoniflorin (3) [M-H] 1.39 480.5 479.2 121.0 32 25
Albiflorin (4) [M+H]" 1.40 480.5 4814 197.1 20 15
Liquiritin apioside (5) [M-H] 1.53 550.5 5493 255.0 45 30
Liquiritin (6) [M-H] 1.65 4184 4174 255.2 30 15
6"-Feruloylspinosin (7) [M+H]" 1.95 784.7 785.5 327.1 35 25
Liquiritigenin (8) [M+H]" 2.99 256.3 257.2 137.0 35 25
Coumarin (9) [M+H] 3.06 146.1 147.1 91.0 30 20
Cinnamic acid (10) [M+H] 3.74 148.2 149.1 131.0 20 10
Benzoylpaeoniflorin (11) [M-H] 3.85 584.6 5834 121.0 40 25
Cinnamaldehyde (12) [M+H] 430 132.2 133.1 115.0 25 15
Glycyrrhizin (13) [M-H] 5.20 822.9 821.9 351.2 45 40
6-Gingerol (14) [M+H] 6.16 294.4 295.3 177.1 13 10
100 @ ;55 o
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Fig. 2. Total ion chromatograms of the 14 standard mixtures (A) and Gyeji-tang sample (B) by LC-MS/MS MRM mode. Gallic
acid (1), spinosin (2), paeoniflorin (3), albiflorin (4), liquiritin apioside (5), liquiritin (6), 6"-feruloylspinosin (7), liquiritingenin (8),
coumarin (9), cinnamic acid (10), benzoylpaeoniflorin (11), cinnamaldehyde (12), glycyrrhizin (13), and 6-gingerol (14).
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Table V. Amount of marker compounds in Gyeji-tang (n=3)

81

Amount (ug/g)

Compound Source
Mean SD RSD (%)

Gallic acid (1) 32.5 0.9 2.7 P. lactiflora
Spinosin (2) < LOQ - - Z. jujube
Paeoniflorin (3) 723 1.4 1.9 P. lactiflora
Albiflorin (4) 28.3 0.0 0.1 P lactiflora
Liquiritin apioside (5) 45.8 0.8 1.8 G uralensis
Liquiritin (6) 39.7 0.4 1.1 G. uralensis
6"-Feruloylspinosin (7) ND' - - Z. jujube
Liquiritigenin (8) 5.5 0.2 3.1 G. uralensis
Coumarin (9) 40.5 0.9 2.3 C. cassia
Cinnamic acid (10) 8.6 0.0 0.5 C. cassia
Benzoylpaeoniflorin (11) 9.5 0.5 5.1 P lactiflora
Cinnamaldehyde (12) 41.7 1.3 3.1 C. cassia
Glycyrrhizin (13) 85.7 1.3 1.5 G. uralensis
6-Gingerol (14) 1.5 0.1 6.1 Z. officinale

'ND: not detected.

121.02 Q3 F=E HAs10.0m ) albiflorin m/z 4814
9] Q1 FAZNA glucose$} benzoic acid7} i 7t
[M+H-Glu-benzoic acid]” FEZ mz 197.12 Q32 A%
& th?” Liquiritin apioside$} liquiritine m/z 549.3%F
417.49] Q1 ¥ =94 apiosyl-glucosyl L&} glucose &
o] z}z} "olx Y7k [M-H-apiosyl-glucosyl] EENQ! m/z
255.0% [M-H-Glu] FEel miz 25528 Q3 ¥=E 7zt
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CH,0,]" FENe] mz 177.18 Q3 F=AE AAsIIeE> o]
of o] E FAPHOA i Aol A E AEo=E MAet
1452] Aol st Q1 929 Q3 #aE 72t ARG
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aldehyde, glycyrrhizin & 6-gingerol 5 1459 %2 0.81,
1.37, 1.39, 1.40, 1.53, 1.65, 1.95, 2.99, 3.06, 3.74, 3.85,

430, 520 ¥ 6.165-0F F 105 ool BE AFo] By
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