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Quantitative Analysis of the Seventeen Marker Components in Dangguisu-san
Using Ultra-performance Liquid Chromatography Coupled to Electrospray
Ionization Tandem Mass Spectrometry

Chang-Seob Seo and Hyeun-Kyoo Shin*
Herbal Medicine Formulation Research Group, Kovea Institute of Oriental Medicine, Daejeon 305-811, Korea

Abstract — Dangguisu-san is a well-known traditional Korean herbal medicine prescription and has been widely used to
treat ecchymosis, blood stagnation, and pain resulting from physical shock in Korea. In this study, an ultra-performance lig-
uid chromatography-electrospray ionization-mass spectrometer method was established for the simultaneous determination
of the 17 biomarker components in Dangguisu-san. All analytes were separated on an UPLC BEH C;g (100x2.1 mm,
1.7 um) column and maintained at 45°C. The mobile phase consisted of two solvent systems, 0.1% (v/v) formic acid in water
(A) and acetonitrile (B) by gradient flow. The injection volume was 2.0 W/ and the flow rate was 0.3 m//min with detection
at mass spectrometer. Calibration curves of the 17 biomarker components were acquired with 7 values >0.9951. The values
of limit of detection and quantification of all analytes were 0.02~6.32 ng/m/ and 0.05~18.95 ng/ml, respectively. The
amounts of the 17 components in Dangguisu-san sample were 3.17~13,224.50 pg/g.
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Table I - Composition of Dangguisu-san
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¥4%(2012-KE33-1~KE33-9)>
A7l I,

AT depyA
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2171

He

Alet
¥55291 boldine(1), amygdalin(4), coumarin(12), cinnamic
acid(13) ¥ juglone(14)> Sigma-Aldrich(St. Louis, MO, USA)
oA 4153 2™, paeoniflorin(6), albiflorin(7), liquiritin(8),
cinnamaldehyde(15), glycyrrhizin(16) %! nootkatone(17)<-

Wako Pure Chemical Ltd.(Osaka, Japan)oll A T-¢18fo] A-83

Herbal name Scientific name Supplier Location of origin Amount (g)
Angelicae Gigantis Radix Angelica gigas Kwangmyungdang Bonghwa, Korea 5.625
Paeoniae Radix Rubra Paconia obovata Kwangmyungdang Uiseong, Korea 3.75
Linderae Radix Lindera strichnifolia Kwangmyungdang China 3.75
Cyperi Rhizoma Cyperus rotundus Kwangmyungdang Yeongcheon, Korea 3.75
Caesalpiniae Lignum Caesalpina sappan Kwangmyungdang Indonesia 3.75
Carthami Flos Carthamus tinctorius Kwangmyungdang China 3.0
Persicae Semen Prunus persica Kwangmyungdang South Africa 2.625
Cinnamon Bark Cinnamomum cassia Kwangmyungdang Vietnam 2.25
Glycyrrhizae Radix et Rhizoma Glycyrrhiza uralensis Kwangmyungdang China 1.875
Total amount 30.375
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Fig. 1 - Chemical structures of 17 constituents Dangguisu-san.
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vt X3 nodakenin(9)2 NPC Bio Technology(Yeongi,
Korea), norisoboldine(2), brazilin(5) X liquiritigenin(11)=-
Chengdu Biopurify Phytochemicals Ltd.(Chengdu, China) %
safflomin A(3)2} sophoricoside(10):= ChemFaces (Wuhan,
Chin) 28] 217} 73Jste] AMgaiich. o5 EFEA)
= 55 98% oldolltt. LC-MS #4293t &, opAELo]
Edl 1l 52 |T. Baker(Phillipshurg, NJ, USA)lA 151512
o, frake EFAJekO 2 Sigma-Aldrich(St. Louis, MO, USA)
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ACQUITY UPLCMilford, MA, USA)E Alg-5}5] o, 2=
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software(version 4.1, Milford, MA, USA)E AF&3}3th A&
FE=5 flaEl AX7IARRY] 20573 A42-555Z7] (Cosmos
660, Inchon, Korea)& AM&3lict,
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Boldine, norisoboldine, safflomin A, amygdalin, brazilin,

paeoniflorin, albiflorin, liquiritin, nodakenin, sophoricoside,
liquiritigenin, coumarin, cinnamic acid, juglone, cinnamaldehyde,
glycyrrhizin % nootkatone 5 1752] ¥FEof U3t g8
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Table II — Conditions for LC-MS/MS analysis of Dangguisu-san
HPLC condition

Column ACQUITY UPLC BEH Cig
(100%2.1 mm, 1.7 pm)

Flow rate 0.3 m//min

Injection volume 2.0/

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) 33

Extract voltage (V) 3.0

Source temp. (°C) 120

RF lens (V) 0.3

Desolvation temp. (°C) 300

Desolvation gas (//h) 600

Cone gas (I/h) 50

Collision gas (mi/min) 0.14

%0.1% (v/v) formic acid in water.
bAcetonitrile.

g3to] FEataiom, 0.1% Mrite] e =3 oHELR|E
gE 7187] 4 27102 ST tH(Table ID). 22 45°CE
fAE e, 452 B 03 ml 2 FUZ 2.0 Witk Edt
gheF 2492 ACQUITY TQD MSE ARE-3lo] oFo|3} 5ol
Kok HEsIgict. H29] &S 918 Table 9} o] capillary
voltage(3.3 kV), extract voltage(3V), source temperature
(120°C), RF lens(0.3V),
desolvation gas(600//h), cone gas(50]/h) % collision gas(0.14 mJ/
min) 52 J2hvE 9} Z} A5 9] precursor ion, product ion,
cone voltage 2 collision energy 5ol thet & 242 44
3o TSRS B (multiple reaction monitoring; MRM) &=
= #8ate] AS AASItH Table ).

desolvation temperature(300°C),

s AAsiion, AdE ARAFAE
ekl wsigivk. AESAIe} A= AT of 3 wl]l

LC-MS/MS 24z =i
G T4 Ao

2 A% boldine, norisoboldine,
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Table III - Mass detection condition of marker compounds
Analyte Molecular ITonization Retention Precursor Product Cone Collision
y weight (Da) mode time (min) ion (m/z) ion (m/z) voltage (V) energy (eV)
Boldine 327.3 M+H]* 0.82 328.3 265.1 30 20
Norisoboldine 313.3 M+H]* 0.82 314.3 297.2 25 13
Safflomin A 612.5 [M-HT 1.01 611.5 491.2 45 25
Amygdalin 4573 [M-H]” 1.17 456.4 323.0 32 11
Brazilin 286.2 [M-H]™ 1.32 285.2 163.0 40 20
Paeoniflorin 480.4 [M-H]” 1.39 479.4 121.0 32 25
Albiflorin 480.4 [M+H]* 1.40 481.4 197.1 20 15
Liquiritin 4184 [M-H]” 1.65 4174 255.2 30 15
Nodakenin 408.4 M+H]* 1.85 409.4 2472 30 15
Sophoricoside 432.3 [M-HI 1.99 431.3 268.1 45 30
Liquiritigenin 256.2 [M+H]* 2.99 257.2 137.0 35 25
Coumarin 146.1 M+H]* 3.06 147.1 91.0 30 20
Cinnamic acid 148.1 M+H]* 3.74 149.1 131.0 20 10
Juglone 174.1 M+H]* 4.23 175.1 147.0 25 15
Cinnamaldehyde 132.1 [M+H]* 4.42 133.1 115.0 25 15
Glycyrrhizin 822.9 [M-H]” 5.20 821.9 351.2 45 40
Nootkatone 218.3 M+H]* 8.64 219.2 163.1 30 15
03:42:54
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Fig. 2 — Total ion chromatograms of 17 reference compounds (A) and Dangguisu-san extract (B) by LC-MS/MS MRM mode. Boldine (1),
norisoboldine (2), safflomin A (3), amygdalin (4), brazilin (5), paeoniflorin (6), albiflorin (7), liquiritin (8), nodakenin (9), sophoricoside
(10), liquiritigenin (11), coumarin (12), cinnamic acid (13), juglone (14), cinnamaldehyde (15), glycyrrhizin (16), and nootkatone (17).
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Table IV - Linearities, regression equation, correlation coefficients, LOD, and LOQ for 17 marker compounds

Compound Linear range (ng/mi) Regression equation® Correlation coefficient LOD" (ng/ml) LOQ° (ng/ml)
Boldine 10-500 y=136.02x +476.58 0.9996 0.02 0.05
Norisoboldine 10-500 y=36.41x+126.40 0.9997 0.80 2.41
Safflomin A 10-500 y=0.24x-2.71 0.9951 3.85 11.55
Amygdalin 10-500 y=2.500—10.55 0.9998 2.26 6.78
Brazilin 10-500 y=0.56x—4.89 0.9992 1.81 5.42
Paeoniflorin 10-500 y=2.40x-4.87 0.9998 5.29 15.87
Albiflorin 10-500 y=14.80x-31.02 1.0000 0.47 141
Liquiritin 10-500 y=8.18¢+1.88 0.9999 1.20 3.60
Nodakenin 10-500 y=63.24x-215.99 0.9997 0.09 0.26
Sophoricoside 10-500 y=14.86x+6.64 1.0000 0.16 0.48
Liquiritigenin 10-500 y=3291x+13.73 1.0000 0.16 0.48
Coumarin 10-500 y=48.58x+179.06 0.9996 0.26 0.77
Cinnamic acid 10-500 y=19.87x+31.84 0.9999 0.87 2.62
Juglone 10-500 y=0.42x-2.60 0.9960 0.33 1.00
Cinnamaldehyde 10-500 y=1.18r-1.32 0.9997 1.00 3.00
Glycyrrhizin 10-500 y=3.35x-38.47 0.9969 6.32 18.95
Nootkatone 10-500 y=53.43x+76.08 0.9999 0.08 0.24

y: peak area (mAU) of compounds; x: concentration (mg/mL) of compounds.

PLOD =3 x signal-to-noise ratio.
‘LOQ=10xsignal-to-noise ratio.

safflomin A,

liquiritin, nodakenin, sophoricoside, liquiritigenin, coumarin,

amygdalin, brazilin, paeoniflorin, albiflorin,
juglone, cinnamaldehyde, glycyrrhizin %
nootkatone & 17%°l tate] ACQUITY TQD LC-MS/MSE
ol g-3to] g7 w7t oSk ESI ] MRM Wi o=
RS AABIGIT ol s o7 E(A)T otlEYe|EY

B)y& ARgato] ] el W HES AAEIN O, tailing?t
o] HE HEE =ol1A 0.1%(vwv) /rike F7keto] &
A& AABIGIT olddt 21E EdE 8 Aol st 74
= AAS A3 1752 AR T 105 ol HEollx 752
S0l HTojA 102 o|ulZ HE3sItHTable 1T 2 Fig. 2).

cinnamic acid,

LC-MS/MSE ©l-g-3le] ESI "W41e] MRM ®2]ellx] 17% 4
o FRel mE T3 WS o] gate] RS 2Ads A
Table IV9} o] 247 A5(07) 2hol 0.9951 OO = 53t )
S BTl Wt AEI|e} A= 0.02~6.32 ng/
mi9} 0.05~18.95 ng/m/®] B Z 2+ YeRGTtH(Table IV).

F2 Mol 13 83

g51¥ LC-MSMS 4 ®Hol oal F7Aate] 2 4%
of thst ¥)7 s AAEIIT). 1 A7} boldine, norisoboldine,
albiflorin, nodakenin, liquiritigenin, coumarin, cinnamic acid,
juglone, cinnamaldehyde % nootkatone®| my/z 328.3, 314.3,
481.4, 409.4, 257.2, 147.1, 149.1, 175.1, 133.1 & 219.201 4
M+H]* Fefo] Eato] 375 21eH3]0n, safflomin A,

amygdalin, brazilin, paeoniflorin, liquiritin, sophoricoside =
glycyrrhizin m/z 611.5, 456.4, 285.2, 479.4, 4174, 431.3 2
8219014 [M-H]” ele] Elele 3= 27t gRISIitk(Table
IID).

LC-MS/MSE 0|88 £2 4=o| gz
A B 2258 glE LC-MS/MS 2418 o]43)o
1782] Aol dish &= 248 ATt Table 17} Fig. 2

o4 K o] boldine, norisoboldine, safflomin A, amygdalin,

brazilin, paeoniflorin, albiflorin, liquiritin, nodakenin,
sophoricoside, liquiritigenin, coumarin, cinnamic acid, juglone,
cinnamaldehyde, glycyrrhizin % nootkatone 5 1752
< 0.82, 0.82, 1.01, 1.17, 1.32, 1.39, 1.40, 1.65, 1.85, 1.99,
2.99, 3.06, 3.74, 4.23, 4.42, 520 2 8.64%F A == AT
LC-MS/MSelA FeRtAE flete] B Addell tigt precursor
ion?} product ion 472 T 2t} Boldine®] MRM 712
m/z 328.3(precursor ion)°lA] C,H,NO7} Hojzl [M+H-
C,H,NOI" &Hl] m/z 265.1(product ion), norisoboldine m/z
314314 NHy7} ®oizl [M+H-NHsl" HEl2] m/z 297.2,
safflomin A= m/z 61150014 CgH07F ol [M-H-CgHOl
HEN) m/z 491.2, amygdalin m/z 4564914 C.H,NO7} oj
7 [M-H-CgH,NOJT™ ¥l2] m/z 323.0, brazilin m/z 285.2¢14
C,HyO,7} o1zl [M-H-C,Hz0,]" 3¥lle] m/z 163.0, paeoniflorin
& mlz 479404 CygHy007F Mol % [M-H-CogHy,00 3,
[benzoic acid-HI™ Sl m/z 121.0, albiflorine mi/z 481.4914
glucose$} benzoic acid’} Eo]z2l [M+H-Glu-benzoic acid]* &

AR
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Table V — Amount of the 17 marker compounds in Dangguisu-san

Amount (ug/g)

Compound Source

Mean SD RSD (%)
Boldine 5.07 0.40 7.98 Linderae Radix
Norisoboldine 206.33 3.21 1.56 Linderae Radix
Safflomin A 8556.17 151.52 1.77 Carthami Flos
Amygdalin 5091.17 191.30 3.76 Persicae Semen
Brazilin 13224.50 29741 2.25 Caesalpiniae Lignum
Paeoniflorin 5262.17 50.52 0.96 Paeoniae Radix Rubra
Albiflorin 1043.83 40.76 3.90 Paeoniae Radix Rubra
Liquiritin 2241.00 93.19 4.16 Glycyrrhizae Radix et Rhizoma
Nodakenin 2395.67 21.68 0.91 Angelicae Gigantis Radix
Sophoricoside 3.17 0.29 9.12 Carthami Flos
Liquiritigenin 94.17 2.75 2.92 Glycyrrhizae Radix et Rhizoma
Coumarin 818.17 5.39 0.66 Cinnamon Bark
Cinnamic acid 149.17 0.76 0.51 Cinnamon Bark
Juglone 13.50 0.50 3.70 Caesalpiniae Lignum
Cinnamaldehyde 1080.50 112.34 10.40 Cinnamon Bark
Glycyrrhizin 2251.83 13.58 0.60 Glycyrrhizae Radix et Rhizoma
Nootkatone 5.00 0.50 10.00 Cyperi Rhizoma

E1S] m/z 197.1, liquiritin?} sophoricoside m/z 417.4% 431.3
oM F A BF glucose 1A} Hoizl aglycone HE|2] [M-
H-Glu]” EEZ m/z 255.29} 268.1, nodakenin & m/z 409.4
oA glucose 1EA7} WA [M+H-Glul* Sel2] m/z 247.2,
liquiritigening m/z 2572914 CH07F B0l M-+H-CH 05"
FE} ) m/z 137.0, coumarine m/z 147.19014 270¢] CO &
271 Wolzl [M+H-2C01" &l m/z 91.0, cinnamic acid2}
cinnamaldehyde= m/z 149.13} 133.1¢14 + A& 25 1719
E 27 9ol [M+H-H,01" <] m/z 131.17 115.0,
juglone m/z 175.191/ 2] CO ¥x7} Wil [M+H-CO]*
Jel] myz 147.0, glycyrrhizine m/z 821.91141 glucose 24k
7} Wol R aglycon 1] [M-H-2Glu]” F 2] m/z 351.2 2
nootkatone> m/z 219.2°14 C,Hg2t Pl€ 717} Wzl [M+H-
CsHg-CH31" 2] m/z 163.1% A2st & H5 AAJeI3Tt.
1 AN G FEE T 175 B8 Uid SRk 317~
13,224.50 pg/g© = =0l HUtKTable V). 7L T &52 F2
A0l brazilin®] 7F4 WS 1322450 pg/g® 2 71%0] Fglom,
%3}, 2zkek ul wolo] =9 AJH-9l safflomin A, paeoniflorin
4l amygdalin 5% 27} 8,556.17, 5,262.17 4! 5,091.17 pg/g=
e gl vlete] oo R shREo] ISt

2 =

3, Ak, 9ok, Ak, At &3t BRI, A 9 3k 5
952 Aokom FAE TlgatelA 17F Aol thste] LC-
MS/MSE o8k F=tAS AAleile. 4 A &5, 23
Axpok Rl A, @] W AIXE] 8 A<l safflomin A,
albiflroin, glycyrrhizin, liquiritin,

paeoniflorin, amygdalin,
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nodakenin 2! cinnamaldehyde 5©| t}& AJ&-of vls| vl &
O s RIS ol st Al IHgAte] 43
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