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Quantitative Analysis of the Twenty Marker Components in
Gwakhyangjeonggi-san using Ultra-Performance Liquid
Chromatography with Mass Spectrometer

Chang-Seob Seo and Hyeun-Kyoo Shin*

Herbal Medicine Formulation Research Group, Korea Institute of Oriental Medicine,
1672 Yuseong-daero, Yuseong-gu, Daejeon 305-811, Korea

Abstract — Generally, Gwakhyangjeonggi-san has been used for treatment of diarrhea-predominant irritable bowel syndrome.
In this study, an ultra-performance liquid chromatography-electrospray ionization-mass spectrometer method was established
for the simultaneous quantification of marker compounds 1-20 in Gwakhyangjeonggi-san water extract. All analytes were sep-
arated by gradient elution using two mobile phases on a UPLC BEH C,g (100x2.1 mm, 1.7 pm) column and maintained at
45°C. The injection volume was 2.0 uL and the flow rate was 0.3 mL/min with detection at mass spectrometer. Regression
equations of the compounds 1-20 were acquired with # values > 0.9950. The values of limit of detection and quantification
of all analytes were 0.01-2.79 ng/mL and 0.03-8.37 ng/mL, respectively. The amounts of the compounds 1-20 in Gwa-
khyangjeonggi-san water extract were not detected -3,236.67 ng/g. The established LC-MS/MS methods will be valuable to
improve quality control of traditional herbal formula, Gwakhyangjeonggi-san.
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o} 7kd #xpe} AYAl P14 (molluscum contagiosum) S+
ANA MR ER#e] @™ 5ol gt SR} 1
EASel= )

HEFEREC tE olshetd A& Wang 5" Han
S'Wo] B auke] 4] AJekel Futo] honokiol# magnolol
o ti3ted HPLCS} capillary electrophoresisE ©]-8-3to] &
o BAE AaEgen, Li 57 2aFyg719llA liquiritin,
naringin, hesperidin, thymol, imperatorin, honokiol, isoim-
peratorin 2 magnolol 52| £ A&l sl HPLCES
&sto] A A B EQAeh 22y o2 gk A
=2 FHFERES olF= 95 748 Aok Ao
A EE LA o] o] FAF SAHS 7RI Ut wEbA
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9] hesperidin(7), & 2] homogentisic acid(1)$} 3.4-
dihydroxybenzaldehyde(4), #&5t#2]  platycodinD2(11)2}
platycodin D(12), H*# 2] liquiritin(6), liquiritigenin(9) =
glycyrrhizin(13), KZ 9] spinosin(5) 2 A:# ] 6-gingerol
(14) 5 20% A&l ths}o] electrospray ionization(ESI) W
2] AR 717 A9 235 dAAZrE 1T
(ultra-performance liquid chromatography-mass spectrometer;
UPLC-MS)E ©]&3te] &Aoo =m ghof Aol 43
gl gt 712 A5 AFstaat 7 AFE AAlsSith
Tz X

AEME - 2 Aol AME EREREE sk 13
o] 4 Aoke B 3 A 9F(Ulsan, Korea)ellAl ¢
slo] =gk o|A|d w4(Gyeongju, Korea)Z-E 717
- ARESISITE EF R 78 A9l #E(2012-KE32-
1~KE32-13) gh=gte]atd79d sobA| AT 15| Bt
sttt

Aok A 77| - & Aol AR FFEZQ] homogentisic
acid, 3,4-dihdroxybenzaldehyde = rosmarinic acid=
Sigma-Aldrich(St. Louis, MO, USAYIA F+Y3IHoH, (+)-
catechin, (-)-epicatechin, spinosin, hesperidin, liquiritigenin,
luteolin % platycodin D2+ Chengdu Biopurify Phyto-
chemicals(Chengdu, China)ol|A] * 3T} Liquiritin,
glycyrrhizin 2 6-gingerol> Wako(Osaka, Japan), platycodin
D, honokiol ¥ magnolol ChemFaces(Wuhan, China) 2!
atractylenolide 1, atractylenolide 1II, atractylenolide I 2
imperatorin> KOC Biotech(Daejeon, Korea)llX] ZH} 4

ato] ARgSIIt) o5 RFEAS] EEE BF 97.0%C1%0

Table I. Composition of Gwakhyangjeonggi-san
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o AFEA S Qg Heks, o EYe|EE 9 E2 T
Baker(Phillipsburg, NJ, USA)*IA FY3tRom, 7fn] ik
Sigma-Aldrich(St. Louis, MO, USA)°IA )33t}

20%52] A& E2lE $18ll pump, digasser, column oven 2
autosamplerZ T3 E Waters®] ACQUITY UPLC(Milford,
MA, USA)E AM&-s1len, &2 7]= ESI source”} &
z2hgl 'y A=A DA 7] (ACQUITY TQD LC-MS/
MS, Waters, Milford, MA, USA)S A}-&-3le] B2 519t}
d] o] E] = Waters MassLynx software(version 4.1, Milford,
MA, USA)E AH&-atd =8 9 A2]siint.

ERTRE & FE52 M - Table I} o] A== #
TIERE = 255 2AsP] fst] 135 e °F 5.0
kg(33.75 gx148ye w4l & 10ve] &5 ¥
A LFZ7](Cosmos 660, Kyungseo Machine Co.,
Incheon, Korea)& ©]-8-3Fc] 100°ColA 2417+ A& gt <
EA (No. 270, 53 um, Chung Gye Sang Gong Sa, Seoul,
Korea)E ©|-&3lo] oJzgt & 54732 7](PVTFDIOOR,
IIShinBioBase, Dongduchun, Korea)& AMHg-3l] 54 Ax
SRt B4 AZ A 6445 g(FEE 129%)] FEES
At

HEEMO| =N — EE R 78 A T8 dws9]

1l
2050 EFEAd e FFENS 1.0mgmLe] TEE
&

= =
Bl

34510] ARgBITE

Holo| =X - LC-MS/MS A4S flste] 54 71
B EFERK E F2E100meS 488 A% ¥ 22
of SmLZ RE F S 289 FEIIAT. 2 F F
A 100 LS ES o]&3ate] 10mLE 1004 34 %
0.22 pm ELL odtste] RO Ssint.

Scientific name Herbal medicine Original region Amount(g)
Agastache rugosa (Fischer et Meyer) O. Kuntze Agastachis Herba Andong, Korea 5.625
Perilla frutescens Britton var. crispa Decaisne Perillae Folium Yeongcheon, Korea 3.750
Angelica dahurica Bentham et Hooker f. Angelicae Dahuricae Radix Uljin, Korea 1.875
Areca catechu Linné Arecae Pericarpium China 1.875
Poria cocos Wolf Poria Pyeongchang, Korea 1.875
Magnolia officinalis Rehder et Wilson Magnoliae Cortex China 1.875
Atractylodes macrocephala Koidzumi Atractylodis Rhizoma Alba China 1.875
Citrus unshiu Markovich Citri Unshius Pericarpium Jeju, Korea 1.875
Pinellia ternata Breitenbach Pinelliae Tuber China 1.875
Platycodon grandiflorum A. De Candolle Platycodonis Radix Andong, Korea 1.875

Glycyrrhiza uralensis Fisch.
Ziziphus jujuba var. inermis Rehder
Zingiber officinale Roscoe

Total amount(g)

Glycyrrhizae Radix et Rhizoma China 1.875

Zizyphi Fructus Yeongcheon, Korea 3.750
Zingiberis Rhizoma Crudus Ulsan, Korea 3.750
33.750
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Fig. 1. Chemical structures of 20 marker compounds of Gwakhyangjeonggi-san.

Table II. Conditions for LC-MS/MS analysis of Gwakhyangjeonggi-san
HPLC condition

Column ACQUITY UPLC BEH C,4(100x2.1 mm, 1.7 um)

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

0.1% (v/v) formic acid in water
*Acetonitrile
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UPLC % LC-MSIMS B = — 13 %] Ajefo s 7
A ERERS T8 Awdd dig s E45H7] 9
3to] WatersAke] ESI A2~9] AHEA 771 A%tE UPLCE
ARE-sEe] A EA T o] EElE flske] ACQUITY
UPLC BEH C4(2.1x100.0 mm, 1.7 um) ZH-S AM8-31990
™, 0]574 0.1% 7in]ite] SHE E3 oA EVe| EY
S AMgsl 7187] &l 202 SEFUTH(Table ). Z
12 45°CE FAsIlom, 52 23 03 mL B FUF
2.0 uLATh gk A FEA S 918t ACQUITY TQD
MSE ARgsto] ol ol HEoX HAEsiih
o] &S el 3.3 kv capillary voltage, 3 V| extract
voltage, 120°C2] source temperature, 0.3 V2] RF lens,
300°C2] desolvation temperature, 600 L/he] desolvation
gas, S0 L/he] cone gas & 0.14 mL/min2] collision gas 5
(Table )3 7+ AJ+-2] precuusor ion, product ion, cone
voltage 2 collision energy 5ol Tt 2] =718 Table
M o] AAste] thauh-& 4 ¥ (multiple reaction
monitoring; MRM) =5 483l e AASIH.

|

o

flo d

AM FHY -20F°] FFF I AFA2 10, 50,
100 3 500 ng/mLe] w2 ZAJstslon, 2w A
o] Hae ARAFEE Fete] BRIt AEIe
AFAle A% o) s vI”l 33 1082 Akskitt.

Table III. Mass detection condition of marker compounds
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LC-MS/MS M= &8 - FiEkEel 4 Aokl +
2 A2l rosmarinic acid(Agastachis Herba), luteolin
(Perillae Folium), imperatorin(Angelicae Dahuricae Radix),
(+)-catechin3} (-)-epicatechin(Arecae Pericarpium), pachymic
acid(Poria), honokiol®}  magnolol(Magnoliae  Cortex),
atractylenolide 1, atractylenolie II 2 atractylenolide III
(Atractylodis Rhizoma Alba), hesperidin(Citri Unshius
Pericarpium), homogentisic acid®} 3,4-dihydroxybenzaldehyde
(Pinelliae Tuber), platycodin D$} platycodin D2(Platycodonis
Radix), liquiritin, liquiritigenin % glycyrrhizin(Glycyrrhizae
Radix et Rhizoma), 6-gingerol(Zingiberis Rhizoma Crudus)
2 spinosin(Zizyphi Fructus) 5 215 tisld LC-MS/MS
oj-gste] el et 93 MRM WH o2 oFF
1S AA]E9 k. ACQUITY TQD LC-MS/MSE ]85
SI el MRMEEE 0|83t =(A) o ELe]
(B)9] ol 5o r Ao g % AES AAsIslth
72] Y AAE E0|3L MS HE Al o9 HE
o] 212} o5/ Aol 0.1%(v/v) 7HRARS F7kete] &
stk olge 21 & EUlE F9 AJEe gt
Alst A3 B5e] 38 4721 pachymic acide

i

p

1=

1

e x> KO OM R
2 o M o pw
FUIO ﬂ% H}_r l_,\l

i

Analvte Molecular weight  Ionization Retention time Precursor ion  Product ion  Cone voltage Collision energy

Y (Da) Mode (min) (m/=) (m/=) (V) (eV)
1 168.1 [M-H] 1.03 167.0 123.0 20 10
2 290.3 [M+H]" 1.10 2913 139.0 25 15
3 290.3 [M+H] 1.20 291.3 139.0 25 15
4 138.1 [M-H] 132 137.0 108.0 35 20
5 608.5 [M+H]" 137 609.5 3272 40 25
6 418.4 [M-H] 1.65 417.4 2552 30 15
7 610.6 [M+H]" 2.13 611.5 303.2 20 15
8 360.3 [M-H]” 2.16 359.3 161.0 30 15
9 256.3 [M+H]" 2.99 257.2 137.0 35 25
10 286.2 [M+H] 3.07 287.2 153.0 45 30
11 1387.5 [M-H] 3.29 1386.4 843.6 45 48
12 1225.3 [M-H]” 3.38 1224.3 469.4 45 48
13 822.9 [M-H] 5.20 821.9 351.2 45 40
14 294.4 [M+H]" 6.16 295.3 177.1 13 10
15 248.3 [M+H] 6.73 2493 231.2 25 10
16 270.3 [M+H]" 7.33 271.2 203.0 25 15
17 266.3 [M-H] 7.85 265.3 2242 45 25
18 232.3 [M+H]" 8.26 233.3 187.1 35 15
19 266.3 [M-H]” 8.68 265.3 2472 45 20
20 230.3 [M+H] 9.34 2312 185.1 35 20
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UPLCS} oko] 2 2ol Fo] MSA BF fHE]
2] oo} B g AAA A28ttt Pachymic ac1d§‘

A28k 2059 FE-L Fole HEOA 115 % 2ol

oA 9Fo] 10 oW Z FssiA F 2 A E}
(Table TIT ¥ Fig. 2). MS 4 A3} £4 2,3, 5,7, 9, 10,
1416, 18 2 20°] [M+H] HEHZ m/z 291.3, 291.3, 609.5,
611.5, 2572, 2872, 295.3, 249.3, 2712, 233.3 2 231.2°]
A Bjole w32 sRlslion, 24 1, 4, 6, 8, 1113, 17
2 195 m/z 167.0, 137.0, 4174, 3593, 1386.4, 12243,
8219, 2653 & 265.3°14 [MH] JE|2] Exlo] vaE
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H2M — LC-MS/MSE o]&3}o] ESI WHe] MRM W2
olA 20F AEe] Tro mE IA HAS o] g3l HEF
g e A 3 A7) el 09950 oPde R s
g A4S UEhIAtH(Table 1V). =3+ HE3HAI9F A=
S 0.01-2.79 ng/mL e} 0.03-8.37 ng/mLe] M 91 7}z
L}ERSTH(Table 1V).
EREFTH & T2 &EEYN - #F LRl 7=

=& SYHELC-MS/MS A2 o]8-ste] 205-2] &l
st Ego] 232 E 13 (total ion chromatogram; TIC)S-
2 54 EAel tig ARntEaYS FEst] A EeE

712} ZR181 tH(Table 1I). of theh g A4S AAISHATE. Table 113 Fig. 204 X
00:14:00
131019_KE32_std500 6: MRM of 2 Channels ES-
16
1009 3.50e6
A)
LR
15 20
ﬂ 7 910,11 - R
=3 17 19
O "'\j\ k T 12 T .13 .A T Aw—ﬁ T T T T T T T Time
2.00 4.00 6.00 8.00 10'00 12'00 1400 1600

00:52:00
131019_KE32_1_100_3 o 6: MRM of 2 Channels ES-

1009 3.12e4

B)
6
LR 13
14
11,12
9,1
1,2,3
J/ 4
ol Ao W b WL B, WTITSPTNIVT DR Y FUNTRIRTIRET TIRVOTE I WA T Y BN TR T [
2.00 4.00 6.00 8.00 10.00 12:00 14.00 16.00

Fig. 2. Chromatogram of reference compounds 1-20(A) and Gwakhyangjeonggi-san extract(B) by LC-MS/MS MRM mode.
Homogentisic acid(1), (+)-catechin(2), (-)-epicatechin(3), 3,4-dihydroxybenzaldehyde(4), spinosin(5), liquiritin(6), hesperidin(7), ros-
marinic acid(8), liquiritigenin(9), luteolin(10), platycodin D2(11), platycodin D(12), glycyrrhizin(13), 6-gingerol(14), atractylenolide
I1(15), imperatorin(16), honokiol(17), atractylenolide I1(18), magnolol(19), and atractylenolide 1(20).
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Table IV. Linearities, regression equation, correlation coefficients, LOD, and LOQ for 20 marker compounds

Compound Ln(lzgniir;ge Regression equation S(());rf;l:it;?l? LOD(ng/mL) LOQ(ng/mL)
1 10-500 y =279% 12.72 0.9996 0.75 2.26
2 10-500 y = 491x + 234 0.9998 0.25 0.74
3 10-500 y = 691x 51.75 0.9991 0.22 0.67
4 10-500 y = 143x + 2.51 0.9997 1.10 3.31
5 10-500 y = 14.68x — 34.25 0.9999 0.17 0.51
6 10-500 y = 827x — 3.25 0.9999 0.13 0.38
7 10-500 y = 3.67x — 7.30 0.9997 0.34 1.03
8 10-500 y = 10.95x — 26.97 0.9999 0.41 1.22
9 10-500 y = 31.97x + 19.72 1.0000 0.06 0.18
10 10-500 y = 17.06x — 17.01 1.0000 0.07 0.20
11 10-500 y = 033x — 3.70 0.9950 2.79 8.37
12 10-500 y =213x — 4.15 1.0000 0.77 2.32
13 10-500 y = 3.59x — 25.81 0.9993 0.46 1.38
14 10-500 y = 20.59x — 49.72 0.9995 0.04 0.13
15 10-500 y = 75.18x — 28.76 1.0000 0.28 0.85
16 10-500 y = 474.04x + 3616.00 0.9986 0.01 0.03
17 10-500 y = 12.85x — 26.60 1.0000 0.16 0.47
18 10-500 y = 81.02x + 521.36 0.9989 0.12 0.37
19 10-500 y = 8.65x + 8.60 0.9999 0.15 0.46
20 10-500 y = 76.33x + 168.66 0.9999 0.06 0.17
Table V. Amount of the 20 marker compounds in Zo] o]F 2059 HAEEL 1% 10% oo g ¢ A
Gwakhyangjeonggi-san 2590t} LC-MSMSOIA R4S 913 445 18] MRM
Compound Amount(pg/g) Z71& m/z 167.0(precursor ion)ol| A1 COO 7} BoZ [M-
Mean SD RSD(%) COO™-H] B el <] m/z 123.0(product ion),” 4 & 29} 3:&
1 15.50 1.00 6.45 m/z 291.3(precursor ion)°ll A [M-CgH,O,+H] e <] m/z
2 440 0.05 1.14 139.0(product ion),"" A 4= ms 137.0(precursor ion)
3 382 0.08 200 oA aldehyde”]7} oA} L2k [M-COH -H]™ Fele] m/z
4 36.33 0.76 2.10 108.0(product ion) 19 HB 5= 4 609.5(precursor ion)©ll
X )
> ND - - A [M-Glu-C,HO+H]" FE] m/z 327.2(product ion),”
6 1058.17 24.29 230 A5 62 m/z 417 A(precursor ion)° A glucose”} E o] %1
’ 323667 23.63 0.73 [M-Glu-H]™ &E1] m/z 2552(product ion),'™ 4% 7& m/z
g 857;'6677 2585912 32; 611.5(precursoi {on)@]*ﬂ rhamnose<} glucos&}lg‘éoiﬁ [M-
0 25050 . 574 Rham-Glu+H]" &} ] m/z 303.2(product ion),” 45 8
" 63.83 431 6.75 m/z 359 3(precursor ion)ol| Al [M-CoH,O5-H]™ S ENS] m/z
12 41333 4.80 116 161.0(product ion),”” A3 ¥ 9= m/z 257.2(precursor ion)°l]
13 1467.83 52.25 3.56 A [M-CgHOgHH]™ FER ] iz 137.0(product ion),"™ A
14 197.17 .13 412 105 m/z 287.2(precursor ion)oll A [MCgH,O,+H]" & & 2|
15 41.67 153 367 m/z 153.0(product ion),”” & 113} 12 precursor ion®]
16 1.90 0.13 6.96 7—]'7—,]' m/z 138649} 1224301]/“] product iOIlO] m/z 84361}‘
17 82.67 6.37 771 469.4, 798 132 m/z 821.9(precursor ion)l| A glucose 2
18 11.63 0.71 6.10 E217F o)X [M2Glu-H] el m/z 3512(product
19 125.83 10.89 8.65 ion),” A¥ 145 m/z 2953(precursor ion)o1Al  [M-
20 1.25 025 20.00 CH,0,+H]" FEl ] m/z 177.1(product ion),”> A& 15%

'ND means not detected.

m/z 249 3(precursor ion)A] 17]¢] & #x}7} olHl [M-



Vol. 45, No. 2, 2014

H,0]" BEle m/z 2312(product ion)” & 16 m/z
271.2(precursor ion)ol| A [M-C{Hs+H]™ el ] m/z 203.0
(product ion),”> A3 17 m/z 2653 (precursor ion)ol| 4]
[M-C,H-H]™ 8 &l 2] m/z 224 2(product ion)™® 3 & 18
m/z 233.3(precursor ion)| A 171¢] & E2}e} CO7| Eof
% [M-H,0-CO+H]" &ele] m/z 187.1(product ion),”? A3+
195 m/z 265.3(precursor ion)oll Al & E=2} 17§77} Holzl
[M-H,O-H]” &Ei] m/z 247.2(product ion)™® 2 A% 20
m/z 231 2(precursor ion) A 17]19] & EA}e} CO7l Hof
% [M-H,0-CO+H]" &El¢] m/z 185.1(product ion)™"& A
g F BES AASIITE 3 A A EE LR T

E T spinosin(5y> HEFA] &%oH, o] A9t 19
Fo] RS 1.25-3267.67 pg/S& 7AZ0| HATH(Table V).

¢

N e o

4 B

EHEERIE =8 &< homogentisic acid(1), (+)-
catechin(2), (-)-epicatechin(3), 3,4-dihydroxybenzaldehyde(4),
spinosin(5), liquiritin(6), hesperidin(7), rosmarinic acid(8),
liquiritigenin(9), luteolin(10), platycodin D2(11), platycodin
D(12), glycyrrhizin(13), 6-gingerol(14), atractylenolide III
(15), imperatorin(16), honokiol(17), atractylenolide II(18),
magnolol(19) & atractylenolide 1(20) 5 2035l tisl] LC-
MS/MSE ©]-&3+ SRS AAleIie. 4 A3 1Hxe]
9 2Bl liquiritin?} glycyrrhizin 2 213]2] hesperidin
2ol 1,058.17+24.29, 1467.83+23.63 2 3236.67+52.25 ug/g
o7 tE A&l vl Bol HrEe] S st
olelg A¥h= ERIERA e o] wE gekAAle] F
A E P13 712 ARE 282 T Us ZO0E AlsHn

AL AL
B ATE AFAIFATANN A Bef el
%S

Feka] 27 7]H FEA (K 14030) 00 Ll R %)om
old| 7
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