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Analysis of the Marker Compounds in Sagunja-tang by LC-ESI-MS
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Abstract — One of the oriental medicine prescriptions, Sagunja-tang consists of four herbal medicines (Ginseng Radix, Poria
Sclerotium, Atractylodis Rhizoma Alba, and Glycyrrhiziae Radix et Rhizoma) and has been used as a medicine to enhance ton-
ify the function of spleen and stomach in Korea. In this study, we conducted simultaneous analysis of the 9 marker components,
liquiritin apioside, liquiritin, ginsenoside Rgl, liquiritigenin, ginsenoside Rb1, glycyrrhizin, atractylenolide III, atractylenolide
11, and atractylenolide I in Sagunja-tang using a liquid chromatography—electrospray ionization-mass spectrometry (LC-ESI-
MS/MS). Marker compounds were separated on a Waters Acquity UPLC BEH C,; analytical column (2.1 x 100 mm, 1.7 mm)
and the column was maintained at 45°C. The mobile phase consists of 0.1% (v/v) aqueous formic acid and acetonitrile with
gradient condition. The LC-MS analysis was performed using a Waters ACQUITY TQD LC-MS/MS system with multiple
reaction monitoring (MRM) method in the positive and negative modes. The calibration curves of the nine marker components
showed good linearity with coefficient of determination > 0.9984 within tested range. The limits of detection and limits of quan-
tification values were 0.27-2.42 ng/mL and 0.81-7.27 ng/mL, respectively. The concentrations of tested 9 analytes in the lyo-
philized Sagunja-tang sample using the established LC-ESI-MS/MS MRM method were detected up to 16.593 mg/g. These
results can be useful as a basic data for the quality control of an oriental medicine prescriptions.
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] gk A} sl Po) wal 7 F AlgsiiT
(Table I). & A& FdskH= 4784 A 2H2008-KE24—1~
2008-KE24-4)ol| gt £ 23} AFEAR E5ZE(2008-
KE24) gh=ghelstd el ghofd-tol] Basict.

Alof R 717] — Aol A 2 A B4 S8l A
83+ ETFO 2 ginsenoside Rb1(PubChem CID: 9898279),
ginsenoside Rgl(PubChem CID: 441923), glycyrrhizin
(PubChem CID: 14982) % liquiritin(PubChem CID:
503737)2 Wako Chemicals(Osaka, Japan), atractylenolide
I(PubChem CID: 5321018), atractylenolide II(PubChem
CID: 14448070) 2 atractylenolide III(PubChem CID:
155948)~= KOC Biotec(Daejeon, Korea), liquiritigenin
(PubChem CID: 114829)2 ChemFaces(Wuhan, China) 2
liquiritin apioside(PubChem CID: 10076238)<= Shanghai
Sunny Biotech(Shanghai, China)2%-E] ztz} Qo
0|5 A9 £EE BE 98.0%° 40| tkFig. 1). HlE-E
(PubChem CID: 887), ©}A|lE1o]E™ (PubChem CID:
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Fig. 1. Chemical structures of marker compounds of Sagunja-tang.
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Baker(Phillipsburg, NJ, USA), formic acid(PubChem CID:
284, >98.0%)= ACS reagentw = Sigma-Aldrich(St.
Louis, MO, USA)ZHE] FYsle] ARSIt 5= A=
£ 918 F57]% COSMOS660 21 &HFA L5557
(Kyungseo Machine Co., Incheon, Korea), F=E2] 5471
Z+£ PVTI100 52727 (11ShinBioBase, Yangju, Korea)Z
ARESIATE FEEOAM T8 g A 2 A" 242
ACQUITY UPLC system(Waters, Milford, MA, USA)S
AHEst o, AR 7= HAAREF-0] 23}(electrospray
ionization; ESI) source”} “§2F W A=A} A A7
(ACQUITY TQD LC-MS/MS, Waters, Milford, MA, USA)
& A3 T 2 E HolE & MassLynx software(version
4.1, Milford, MA, USA)°ll <J3l 3 & A 2|= At

AZXIE 2 FE2 N -4 ,

459 ko A ARAE & FE=2 Table 19} 72
o] Z}7} 0.5 kg? & 2.0 keell thiall & 20 LE H7IsE & =
AENFTAZFZE7NE o188t 98kPa YHOE 100°Ce]
A 2A17E St ARETh A' & g2 1A (No.
270, 53 um, Chung Gye Sang Gong Sa, Seoul, Korea)E
ol-g-ate] o33 F FAUXSI 4460 g0l FE=S AU
s 22.3%).

FZ 3 HoMo| XA — Liquiritin apiosideZ B &3 &
9%-9] EFFo tist WS o83t 27} 1,000 pug/
mLe] FEZ AZS & 4°C ¥ BASCh AxE FF
e F W AL BAS 95 B4 Ao A 345
A3 T Eg LC-ESI-MSE o] 83t AlAte 5
liquiritin apioside & 95| 8 <ol thak 45 91s)
54 Ax" AAEAE FEE 320mgS F s FH
70% WEE SmLe B2 ¥ 580 229 75 2 187
vortexingdtith. FEAS 1008 841k & 0.22 um syringe
2 oj3fsto] Helo= sigint.

LC-MSMS Y = - 54 Az I AR & 5=
=25 ¥ liquiritin apioside, liquiritin, ginsenoside Rgl,
liquiritigenin, ginsenoside Rbl1, glycyrrhizin, atractylenolide
I1I, atractylenolide II ¥ atractylenolide 1 5 9%-2] A&l
gk g A4S AAEGATE 8 AR REle 45°CR

2 5= WatersAte] ACQUITY UPLC BEH C,q (2.1 x

Taz

= = =
RN RES

Table 1. Composition of Sagunja-tang
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100 mm, 1.7 um, Milford, MA, USA)S AF&&Ii ) o] %
AL 0.1%(v/v) formic acid’} $H+E E(A)F oMM Erto]
EZB)s ol&st vt 22 7127] frjlxieR 2
FAth X 05(20% B), 1-145-(20-95% B), 14%—15%
(95-100% B), 15-15.1%(100-20% B), 15.1-18.1%(20%
B). A& FYEFE 2.0 pL3loH, 52 £ 03 mLE &
HEATh MS 45 93 3% 212 e 2ok
Capillary voltage, 3.3 kV; extract voltage, 3.0 V; source
temperature, 120°C; RF lens, 0.3 V; desolvation temperature,
300°C; desolvation gas, 600 L/h; cone gas, 50 L/h, collision
gas, 0.14 mL/min.

™
e

HEN, HE X MY Y 0T 4R U
AL 10-500 ng/mLe] F= WM Fo whe v
2.2 olgsle] st on, AgAel AL 247
“r(coefficient of determination; rz)% Bl A
A Table TOIA 9} 720 9%-2] & =5F /7 7
o 954 AL Bal FYT) 3k AE A (limit
of detection; LOD)9} g & $HA|(limit of quantification;
LOQ)= A% o) F& HZ 33 1002 zH2} ALkl on,
2 A 7o) el et AZAA A 3ol
& 0.27-2.42 ng/mLe} 0.81-7.27 ng/mLE zFzF Yepstt}
(Table I0).

AIZXE & FEE 3 T2 429 83 -4t
ginsenoside Rb13} ginsenoside Rgl, ¥&2] atractylenolide
I, atractylenolide II 3 atractylenolide I % Zrx<]
glycyrrhizin, liquiritigenin, liquiritin apioside % liquiritin
T 959 %S e E LC-ESI-MS/MS tHe Rkl
(multiple reaction monitoring; MRM) EAHH2- o]-8-5le]

5 o = =0
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YR oo
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A48 AT 0.1%(v/v) 7Rkl SE =3 o Eve]
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_% 2 m e
I
mlo_}:{gl

Scientific name Latin name Family Origin Amount (kg)
Panax ginseng C. A. Meyer Ginseng Radix Araliaceae Geumsan 0.5
Glycyrrhiza uralensis Fischer Glycyrrhizae Radix et Rhizoma Leguminosae China 0.5
Poria cocos Wolf Poria Sclerotium Polyporaceae ~ Yeongcheon, Korea 0.5
Airactylodes macrocephala Atractylodis Rhizoma Alba Compositae China 0.5

Koidzumi

Total amount

2.0
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Table II. Linea range, regression equation, coefficient of determination, LOD, and LOQ for LC-ESI-MS/MS analysis of 9

marker compounds

Compound Linear range Regression equation Coefﬁc.ient. of LOD LOQ
(ng/mL) determination (ng/mL) (ng/mL)
1 10 — 500 y =649 + 593 1.0000 0.72 2.17
2 10 — 500 y = 6.51x + 26.58 0.9990 0.96 2.88
3 10 — 500 y = 138 — 1330 0.9984 1.48 443
4 10 — 500 y = 2620x + 70.62 0.9998 0.45 1.34
5 10 — 500 y = 1.15x + 436 0.9989 1.06 3.19
6 10 — 500 y=132x - 7.78 0.9991 2.42 7.27
7 10 — 500 y = 44.76x + 110.46 0.9998 0.35 1.04
8 10 — 500 y = 38.45x + 87.20 0.9997 0.27 0.81
9 10 — 500 y = 36.65x + 143.81 0.9996 0.43 1.29

Liquiritin apioside (1), liquiritin (2), ginsenoside Rgl (3), liquiritigenin (4), ginsenoside Rbl (5), glycyrrhizin (6), atractylenolide

1T (7), atractylenolide II (8), and atractylenolide 1 (9).

Table III. Chromatographic retention time, MRM parameters, cone voltage, and collision energy for LC-ESI-MS/MS analysis

of 9 marker compounds

Retention time Molecular weight

Precursor ion

Product ion  Cone voltage Collision energy

Compound - Mode (min) (Da) (m/2) (m/2) ) (V)
1 [M—H] 153 55051 5493 255 45 30
2 [M—H] 1.65 418.39 417.4 2552 30 15
3 [M-H] 2.69 801.01 799.2 637 50 20
4 [MH]" 2.99 25625 2572 137 35 25
5 [M—H] 434 1109.29 1108.6 179 50 45
6 [M-H] 520 822.93 8219 3512 45 40
7 [M+H]' 6.73 248.32 2493 2312 25 10
8 [MH] 8.26 23232 2333 187.1 35 15
9 [MH]' 934 230.13 2312 185.1 35 20

Liquiritin apioside (1), liquiritin (2), ginsenoside Rgl (3), liquiritigenin (4), ginsenoside Rbl (5), glycyrrhizin (6), atractylenolide

1I (7), atractylenolide II (8), and atractylenolide 1 (9).

of thet gFe FA st 959 Aol teh &4 o]
325 FAA Y. 2 A liquiritin apioside, liquiritin,
ginsenoside Rgl, ginsenoside Rbl ¥ glycyrrhizin 5 55-<]
AR miz 5493, 4174, 7992, 1108.6 2 821.99]4
[M-H]” 32 pseudomolecular ion 7} AEE M,
liquiritigenin, atractylenolide 1III, atractylenolide II %
atractylenolide 1 5 452 m/z 257.2, 249.3, 233.3 9 231.2
oA [M+H] el 2 pseudomolecular ion ¥ =7} z}zF 7
Z%|tH(Table III). B=8F Table A B wlel 7o) LC-
MS/MS 4]0l MRM #41H-S 2-8317] flate] 7Hzte] A
ol Wit precursor ion(Q1)2 product ion(Q3)e tha} 7+
o] A3t ?1ake] F8 AE<? ginsenoside Rb1-> m/z
1108.69] Q1 =AM [Glu-H] & m/z 179.05 Q3 ¥|A=
AR 01, ginsenoside Rg S m/z 799.20014 ER1E Q1

gFolA AR glucoseZ} °1€E [M-H-Glu] FEIZ Q3
A (m/z 637.0)F ARSI Wz Fo AE F o
atractylenolide I} atractylenolide Ii= m/z 231.29} 233.3¢]]
Al E1E Q1 F Aol F AR BF 1Ak H09F CO
T550] o2 [M+H-H,0-CO|" FeNE m/z 185.13F 187.1
S Q3 Az ztzt 45192, atractylenolide 1119] 73
S5 m/z 249.3004 FRlE Q1 A3 18AR] H,07} ©]
g [M-H,0]" el mkz 23128 Q3 932 A5
o0 o] Fo AE F liquiritin apioside$} liquiritinS
m/z 54939} 4174914 Zt7F AEE Q1 I =LA apiosyl-
glucosyl 153} 132F2] glucose”} 22k o|g=o] A
[M—H-apiosyl-glucosyl]” &} ¢} [M-H-Glu] FEZ m/
255.03% 2552004 AEHE ¥3E Q3 ¥ARE z}z; A5}
oo m ' liquiritigenin@ glycyrrhizin®] 7 -$-olE m/z



Vol. 50, No. 1, 2019

69
100+ 156
(A) 1 2 7 9
1
1 8
1.51
4
2|
4
266 5 |
433 [
4 520
525 (
’ k . l ) _k | |
{ |
L | v \ 1\
[ T t T T T T T T Tme
200 ' 4.00 6.00 800 10,00 ' 12.00 14.00
100+
(B) 1
2
66
22
6
512I
2 H
\252
o 4 l 574
5 8
0- Time
2 4.00 3 8 10.00 12,00 14.00

Fig. 2. Total ion chromatograms of the 9 standard solutions (A) and Sagunja-tang water extract (B) by LC-MS/MS MRM mode.
Liquiritin apioside (1), liquiritin (2), ginsenoside Rgl (3), liquiritigenin (4), ginsenoside Rb1 (5), glycyrrhizin (6), atractylenolide III
(7), atractylenolide II (8), and atractylenolide 1 (9).

25729} 821.9914 ZH2F A&E Q1 FAoMA CH Oy L LC-ESI-MS/MSE 0|88t AlZXIEe| F2 ME 2Y -
7 2274 glucose?t Zizt oo FgE [MHH-CHQO,]”  o1delA Shgid ZL JE=2 Q1 ¥A9t Q3 ¥4 59
Feje} [M-H-2Glu] FENE mz 137.03 351.2004 zHz} LC-MS/MS MRM #4 2718 #8351 AREAIEA] 9
AEE 935 Q3 JAR At MRM BAES st o] FE st E/‘]—EMJE AAskdny 1 A5
Atk liquiritin apioside, liquiritin, ginsenoside Rgl, liquiritigenin,
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Table IV. Concentration (mg/g) of 9 marker compounds in Sagunja-tang by a LC-ESI-MS/MS MRM method (n = 3)

Amount (mg/g)

Compound Source
Mean SD RSD (%)
1 13.354 0.326 2.444 G. uralensis
2 7.350 0.076 1.038 G. uralensis
3 0.829 0.081 9.730 P. ginseng
4 0.149 0.014 9.518 G. uralensis
5 0.741 0.015 2.089 P. ginseng
6 16.593 0.540 3.256 G. uralensis
7 0.166 0.008 4.648 A. macrocephala
8 0.030 0.002 7.443 A. macrocephala
9 ND' - - A. macrocephala

'ND: not detected.

Liquiritin apioside (1), liquiritin (2), ginsenoside Rgl (3), liquiritigenin (4), ginsenoside Rbl (5), glycyrrhizin (6), atractylenolide

II (7), atractylenolide II (8), and atractylenolide 1 (9).

ginsenoside  Rbl, glycyrrhizin, atractylenolide III,
atractylenolide II & atractylenolide 1 5 95| A2 1.53,

1.65, 2.69, 2.99, 4.34, 5.20, 6.73, 8.26 ¥ 9.34%0f z}z} 7
259t (Table 11 2 Fig. 2). A4 HAwS Agale] A}
A FEE 14 A3t MZoM F2E atractylenolide
HAEHA Ggton, o]E A2l 852 A2 0.030-
16.593 mg/g® 2 HZE|UTH Table 1V).
z =
12k 59, WE B xR FAEY 7GRS I)E
Hhske A7 1R GrdiliA = e of A 5
st AFEAFE ] tlsle] liquiritin apioside, liquiritin,

ginsenoside  Rgl,  liquiritigenin,  ginsenoside  Rbl,
glycyrrhizin, atractylenolide 1III, atractylenolide II 2!
atractylenolide 1 & 9%¢] A+l thste] LC-ESI-MS/MS

MRM o2 ke BAE19th 7 A3 B sleF Ak
o] 54 7z F=EC &l Ax=27Y fae glycyrrhlzm

%} liquiritin apioside & 7 A3%°] 16.593 mg/g & 13.354
mg/gO 2 T2 TAAFE2] 4 E‘oﬂ Hlgl] =7 HAE=Act.
ol g A AHE vt AREALRY B AREAL

B |RYOE TRy qieF el B W7t

2 HNE 95 7E AEE d8E F UL Ao AlsEn.
At A

B A7E g=gke) st T dolx] A Yshe gheF x]be]

Fet2 2A 7]k FEAR(K18241) 3} ghie g7 &

A Qb R EA TS5 AR (KSN1812240)¢l] <8
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