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ABSTRACT

Objectives : Leejung-tang (Lizhong-tang) has been used for treatment of gastrointestinal disorders in Korea.
In this study, we performed quantification analysis of five marker components, liquiritin, ginsenoside Rb1, ginsenoside
Rg1, glycyrrhizin, and 6-gingerol in Leejung-tang using a ultra performance liquid chromatography- electrospray
ionization-mass spectrometer (UPLC-ESI-MS). In addition, we evaluated antioxidant activity of Leejung- tang.

Methods : The column for separation of five constituents used a UPLC BEH C18 (100 x 2.1 mm, 1.7 um)
maintained at 45°C. The mobile phase consisted of two solvent systems, 0.1% (v/v) formic acid in H20 (A) and
CH3CN (B) by gradient flow. The flow rate was 0.3 mL/min with detection at mass spectrometer. The antioxidative
activities conduct an experiment on 2,2 ' -azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 2,2-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities of Leejung-tang.

Results : Calibration curves of five marker compounds were acquired with r2 values > 0.99. The amount of
the five compounds in Leejung-tang were 0.07 - 0.84 mg/g. The concentration required for 50% reduction
(RC50) against ABTS radical was 119.02 ug/mL. In addition, the scavenging against DPPH radical of
Leejung-tang was 11.4%, 14.5%, 19.8%, 29.6%, and 49.2% at 25 ug/mL, 50 pug/mL, 100 pg/mL, 200 ug/mL,
and 400 pg/mL, respectively.
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Conclusions : The established LC-MS/MS method will be helpful to improve quality control of Leejung-tang.
In addition, Leejung-tang is a potential antioxidant therapeutic agent.
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HFF549l ginsenoside Rbl, ginsenoside Rgl,
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(PBS), 2,2—diphenyl—2—picrylhydrazyl(DPPH)
2 dimethyl sulfoxide (DMSO) & Sigma—Aldrich
(St. Louis, MO, USA)ol| A -9)3te] A&kt

5% /379 #21E 93l pump, digasser, column
oven ¥ autosampler® T4 ¥ Waters®] UPLC
(Milford, MA, USA)E AF&3F T} At 7]
+ electrospray ionization (ESI) source”} 2+
H LC-MS/MS (Waters, Milford, MA, USA)E
AR o, HolE 22l Waters MassLynx
software (version 4.1, Milford, MA, USA)E A}
|33tk

3. FENe] =4

Ginsenoside Rbl, ginsenoside Rgl, liquiritin,
glycyrrhizin ¥ 6—gingerol 5% ZFFol o
B EFgAe TAS A 54 ¥ g
E2 %o EF 1.0 mg/mlLe vE2 A% ¥
4Col BB ALE Hol 3413ko] AL
4 #5820 Qe 24

o) A A S Table 13} 3Eo] FA) 1]
S5 e (F A8 & °F 10.0kg) st 571 (Co—
smos 660, Inchon, Korea)ell ¥il, & A5
IOBH (100L) & F7}ske] 100°CollA 2417 A 3k
T 55 9 SAAxE 5l 24.8%9] 811

o N

oF 2.5kg

Table 1. Composition of Leejung-tang

Amount
Latin name Supplier Location
(9
. . . Geumsan,
Ginseng Radix Alba 7.50 Omniherb
Korea
o . . Yeongcheon,
Zingiberis Rhizoma 7.50 Omniherb
Korea
Atractylodis Rhizoma . )
7.50 Omniherb China
Alba
Glycyrrhizae Radix et )
) 3.75 HMAX China
Rhizoma
Total amount 26.25

5. UPLC % LC—MS/MS ¥4 x4

Pk ) F2438¢) ginsenoside Rbl, ginsenoside
Rgl, liquiritin, glycyrrhizin % 6—gingerol<
AFEAS 98] WatersAte] UPLCSF 2 -4
712 A}8-3}o] Table 29 & R0 R B4
stttk ek Aol LC-MS/MS A% £4&
ato] 7t 4

voltage R

jzmlo_l

3 5-9] precuusor ion, product ion, cone
! collision energy &l Tt &9 =

Table 2. Condition for LC-MS/MS Analysis of Leejung-tang

HPLC condition MS condition
Column UPLC BEH C18 (100 x 2.1 mm, 1.7 um) || Capillary voltage (kV) 33
Flow rate 0.3 mL/min
Extract voltage (V) 3
Injection volume 2.0 uL
S i . (°C 120
Column temperature 45°C ource temp. (°C)
Sample temperature 5°C RF lens (V) 0.3
Time (min) A (%)* B (%)' Desolvation temp. (°C) 300
0 80 20
0.1 80 20 Desolvation gas (L/h) 600
Mobile phase 5 5 95
6 0 100 Cone gas (L/h) 50
6.1 80 20
8 80 20 Collision gas (mL/min) 0.14

*1.0% (v/v) acetic acid in H20 ; 11.0% (v/v) acetic acid in CH3CN
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Table 3. Mass Detection Condition of Marker Compounds

Precursor ion Product ion Cone voltage Collision energy
LR Mode (miz) (miz) V) (ev)

Liquiritin Negative 417 255 30 15
Ginsenoside Rg1 Negative 799.2 637 50 20
Ginsenoside Rb1 Negative 1107.5 179 50 45

Glycyrrhizin Negative 821.2 351 45 40
6-Gingerol Positive 295 177 13 10
712 Table 33 o] AA3}e] multiple reaction (2) DPPH &0z 27 % =4
monitoring (MRM) EE& #-83lo] GHES HA| DPPH #t)Z-& o] 83 ditsls 542 96
A= well plate o]&3}e] 2A59TEY 96 well plate
o] 0.15 mM¢®] DPPH €93} A 85 E§sto] 4
6. AFA =g 24 30/ RESAIZ] & 517 nmoll A FEF =
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o] FER Aty ¥ WA Fro thalA AN LS 95} vitamin CE AF&-3FI T
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295 [M—H]" & gjo] Exjo]l& 9 AE &<l 519t ginsenoside Rbl, glycyrrhizin % 6—gingerol
(Fig. 2). 9% 59 LC-MS/MS MRM & 2 1.55%, 1.90%, 2.50%, 2,958 % 3.57F
= A3} 5%2] 472 liquiritin, ginsenoside Rgl, A Z+7F 425 Y} (Fig. 3).
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Fig. 1. Chemical structures of five marker constituents in Leejung-tang.
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Fig. 2. Mass spectra of five standard compounds. Liquiritin (A), ginsenoside Rg1 (B), ginsenoside Rb1 (C), glycyrrhizin (D), and

6-gingerol (E).
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Fig. 3. Chromatogram of five marker compounds (A) and Leejung-tang sample (B) by LC-MS/MS MRM mode. Liquiritin (1),
ginsenoside Rg1 (2), ginsenoside Rb1 (3), glycyrrhizin (4), and 6-gingerol (5).

2. %A 3. Hhg & FoA R SRy
LC-MS/MSE °]-&8to] =0l ub& ESI W S A4 E LC-MS/MS 24z 5%
9] MRM RE.X=9|A] liquiritin, ginsenoside Rbl, AR o3k ks BAs T LC—MS/MS9
ginsenoside Rgl, glycyrrhizin % 6—gingerol A AFEAS 913 ginsenoside Rgle] MRM
5 5% R 3 A 2 Ay AT A Z71L mvz 799.2 (precursor ion) — 637 (product
% () Fkol 0.9995, 0.9961, 0.9992, 0.9982 ion), ginsenoside Rb1S m/z 1107.5 (precursor
2 0.99979] 453 HAAMAPS 27 YeERA T ion) — 179 (product ion), liquiritin m/Zz 417
(Table 4). (precursor ion) — 255 (product ion), glycyrrhizin

Table 4. Linearities, Regression equation, and Correlation Coefficients for Marker Compounds

Compound Linear range (ng/mL) Regression equation Correlation Coefficient
Liquiritin 50-10000 y = 13.15x + 104.41 0.9994
Ginsenoside Rg1 50-10000 y = 1.38x + 7.86 0.9968
Ginsenoside Rb1 50-10000 y = 1.35x — 22.52 0.9992
Glycyrrhizin 50-10000 y = 4.63x — 30.22 0.9982
6-Gingerol 50-10000 y = 24.24x + 144.09 0.9997
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Table 5. Amount of the Five Marker Compounds
in Leejung-tang

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

Liquiritin 0.35 0.00 0.60
Ginsenoside Rg1 0.07 0.01 7.72
Ginsenoside Rb1 0.11 0.01 7.47

Glycyrrhizin 0.84 0.01 0.63
6-Gingerol 0.17 0.01 4.27

2 n/z821.2 (precursor ion) — 351 (product—

ion) % 6—gingerol< m/z 295 (precursor ion)
— 177 (product ion) & A A3 & Az A A&}
ATt = A A 1 FE T Y
ginsenoside Rgl3¥} ginsenoside Rb19] 3Ffo]
0.07 mg/g 2 0.11 mg/go.2 7} 7} ygtown 7t
%9 liquiritin® glycyrrhizin ©] 0.35 mg/g¥
0.84 mg/go = Z+7t VbRt ek 179 6-
gingerol®] 0.17 mg/g -2 7% FAt} (Table 5).
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Table 6. Scavenging Effects of Leejung-tang on ABTS"

w &
S °©

DPPH radical scavenging activity (%)
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Fig. 4. DPPH radical scavenging activity of Leejung-tang.
Data are represented as mean = SEM. LJT : Leejung-tang.

%7} 743l whal ABTS o)z A A3}
AFSHAl S = EA Q] Aol ATt by FEE
25, 50, 100, 200, 400 ug/mL sxolx ztz}
11.4, 14.5, 19.8, 29.6 and 49.2%9] =)z %
ALAFE Hoon FguIRToT ALl vitamin
=5, 10, 20 ug/mL FxolA 22k 28.3, 61.1,
90.6%2] BU)Z 2AFAH L Bt} (Fig. 4.).

Hehyys T3 A%, wE, ol 2 e
47VA] G4 Aok = J\&}PJ ginsenoside Rb1¥}
ginsenoside Rgl, ¥ #i2] 6—gingerol ¥ o]
liquiritin®} glycyrrhizin % 559 A&l dish
o] LC-MS/MSE o]-&3+ e=i-A 3} 32 A9
Absh G E ekt

LC-MS/MS H#EA S 915 MRM 24 gi—
nsenoside Rgl m/z799.2/637, ginsenoside Rbl

]
ot

Sample Concentration (1g/mL) Scavenging effect (%)* RC50 (uglmL)Jr
25 18.30 + 0.74
50 29.78 + 1.12
Leejung-tang 100 49.74 + 3.14 119.02 + 2.89
200 73.97 + 1.66
400 93.79 + 0.55
25 43.80 + 1.36
Vitamin C 5 77.16 = 1.00 3.04 + 0.06
10 99.78 + 0.18

*Data are represented as mean + SEM ; TConcentration required for 50% reduction of ABTS+- at 5 min reaction
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