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Simultaneous Analysis of Bangpungtongseong-san and

Its Antioxidant Effect
Chang-Seob Seo - Ohn Soon Kim - Hyeun-Kyoo Shin’

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

ABSTRACT

Objectives : We carry out the simultaneous quantification for quality control of four components in Bangpungtong-
seong-san (BPTSS) sample. In addition, we assessed the antioxidant effects of BPTSS sample.

Methods : The used column for separation and analysis of four compounds was Luna C18 column and column
oven temperature was maintained at 40°C. The mobile phase for simultaneous determination consisted of two
solvent systems, 1.0% acetic acid in water and 1.0% acetic acid in acetonitrile. High performance liquid
chromatography-photodiode array (HPLC-PDA) method for analysis was performed at a flow rate of 1.0 mL/min
with PDA detection at 254 and 280 nm. The injection volume was 10 x L. The antioxidant activities of BPTSS
were evaluated by measuring free radical scavenging activities on 2,2'-Azinobis-3-ethyl-benzothiazoline-6-sulfonic
acid (ABTS) and 1-1-diphenyl-2-picrylhydrazyl (DPPH). The inhibitory effects on low-density lipoprotein (LDL)
oxidation were evaluated by the formation of thiobarbituric acid relative substances (TBARS) and relative
electrophoretic mobility (REM).

(¢) 2013 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http//:www. ompak.okdanche.com which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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Results : Calibration curves were acquired with 7 > 0.9999. The values of limit of detection (LOD) and
quantification (LOQ) were 0.06-0.29 x g/mL and 0.20-0.98 x g/mL, respectively. The amounts of geniposide,
liquiritin, baicalin, and glycyrrhizin in BPTSS were 5.06, 7.33, 27.56, and 7.81 mg/g, respectively. The BPTSS
showed the radical scavenging activity in a dose-dependent manner. The concentration required for 50%
reduction (RC50) against ABTS and DPPH radicals were 72.51 x4 g/mL and 128.49 » g/mL. Furthermore,
GMGHT reduced the oxidation properties of LDL induced by CuSO4.

Conclusions : The established HPLC-PDA method will be helpful to improve quality control of BPTSS. In addition,
BPTSS has potentials as therapeutic agent on anti-atherosclerosis.

Keyword : Bangpungtongseong-san, Simultaneous Analysis, Antioxidant Effect, HPLC-PDA, Low-Density Lipoprotein
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I. A= 2 9y

1 A=

2 Ao AR EEAAAY 4 Al BE
(Talcum), HEL (Glycyrrhiza uralensis), £ (Gypsum),
%5 (Scutellaria baicalensis), #{# (Platycodon gran—
diflorum), [fjfl, (Ledebouriella seseloides), )= (Cni—
dium officinale), %% (Angelica gigas), %4k (Paeonia
lactiflora), X¥ (Rheum undulatum), Jii% (Ephedra
sinica), Vfi (Mentha pulegium), Hi#l (Forsythia
koreana), €W (Natrii sulfas),
tenuifolia), BEjft (Atractylodes japonica), |LNe¥ (Gar—
denia jasminoides) B "B (Zingiber officinale) 5
18%-2 (3)3Y3|E (Yeongcheon, Korea)2} (FHMAX
(Jecheon, Korea)ol|A] #2E-S 73t AR5}
o5 Agere] 7|9e SRS olA|@ 14 (Gyeongiu,
Korea) o] 788 W& ¥ ALGsigon], Zzke] 74
&9 #E (2008—-KE23-1 ~ 2008—KE23-18)
o gRPsrATY YePIAATIE) HUSAC,

Fi7¥ (Schizonepeta

Os_OCHjs
H
X
o
Ho—/ H
HO
HO o R
HO
OH
Geniposide

Baicalin

2, Aok 4 717]

Geniposide, liquiritin, baicalin @ glycyrrhizin
4% (Fig. 1)9] ¥FEL W% Wako Pure Chemical
Industries, Ltd, (Osaka, Japan)24-E JLU3lH L
W, Z} FEEO| £ 98% ool dt) 2,2'—-Azinobis—
3—ethyl—benzothiazoline—6—sulfonic acid (ABTS),
1-1-diphenyl—2—picrylhydrazyl (DPPH) 2 dimethyl
sulfoxide (DMSO)+ Sigma-—Aldrich (St. Louis,
MO, USA)ollA F1{J8t5ict, HPLC #4415 #13 miehE,
olH|EVo|EE W B8 J T Baker (Phillipsburg,
NJ, USA)ollA F{lstgler, 24kt 7fu|4k
Al2ko 2 Junsei (Tokyo, Japan)@} Sigma—Aldrich
(St Louis, MO, USA)ollA ZZ} FL{lsted ARE-8IA
o} 1 9 BE Aok 748 SEAIkS ANSSHT

3RS 913t HPLCE HE (LC-20AT), on—line
713X (DGU-20A;), %Edii (CTO-204), A=
A|&F7] (SIL-20AC) ¥ PDA FHZ7] (SPD-M20A)
So2 FAE LC-20A A|2E] (Shlmadzu Co., Kyoto,

OE_‘j_

o
Liquiritin
HOOC
HO
HO
HOOC o]
HO
OH Glycyrrhizin

Figure 1. Chemical structures of four marker compounds in Bangpungtongseong-san.
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Table 1. Composition of Bangpungtongseong-san

Scientific name Latin name Amount (g) Supplier Source
Talcum Talcum 6.375 HMAX China
Glycyrrhiza uralensis Glycyrrhizae Radix et Rhizoma 4.5 HMAX China
Gypsum Gypsum Fibrosum 2.625 HMAX China
Scutellaria baicalensis Scutellariae Radix 2.625 HMAX Jeongseon, Korea
Platycodon grandiflorum Platycodi Radix 2.625 Omniherb Yeongcheon, Korea
Ledebouriella seseloides Saposhnikoviae Radix 1.6875 HMAX China
Cnidium officinale Chnidii Rhizoma 1.6875 Omniherb Yeongcheon, Korea
Angelica gigas Angelicae Gigantis Radix 1.6875 Omniherb Pyeongchang, Korea
Paeonia lactiflora Paeoniae Radix 1.6875 Omniherb Hwasun, Korea
Rheum undulatum Rhei Rhizoma 1.6875 HMAX China
Ephedra sinica Ephedrae Herba 1.6875 HMAX China
Mentha pulegium Menthae Herba 1.6875 Omniherb China
Forsythia koreana Forsythiae Fructus 1.6875 HMAX China
Natrii sulfas Natrii Sulfas 1.6875 HMAX China
Schizonepeta tenuifolia Schizonepetae Spica 1.3125 Omniherb China
Atractylodes japonica Atractylodis Rhizoma Alba 1.31 HMAX China
Gardenia jasminoides Gardeniae Fructus 1.3 Omniherb Muju, Korea
Zingiber officinale Zingiberis Rhizoma Crudus 6.25 Omniherb Yeongcheon, Korea
Total 44.125
Japan)Z AHgStgom, doly ML LCsolution  4%9) EEEo| figt EXGNS e S o] g3l

software (Version 1,24)E |83l A2slgc =
3t 4% ABo] b3 1S 9J3] electrospray ionization

(ESI) sourceZ} %

AJ2HE liquid chromatography ion

trap time—of—flight mass spectrometry (LC—IT-

OF-MS, Shimadzu Co,,

Kyoto, Japan)E AM&-3FS

o, gleoJg Xz} LCMS solution (Version 3.60.361)

AREsin) aiss 242 993t microplate spectro—
photometer (Benchmark Plus)+= Bio—Rad (Hercules,

CA, USAAIERE] J9J3}5ict AU=XcHR (low—density

lipoprotein; LDL) A3} A &A]

272 $I3 LDL

1} TBARS Assay Kit+= Biomedical Technologies
(Stoughton, MA, USA)%?} BioAssay Systems (Hayward,
CA, USA) L 2R¥ 74z} F438to] ARG8T

REL NS

Geniposide, liquiritin, baicalin @ glycyrrhizin
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B 10 mg/mLe] SE2 AT 5 W HP
A A ol 3]43ke] AHgteh

L o,

4, FFEHA FEE 2 HYY 24

WEE3Ae A AE Table 13} Zo] FA
H&Z Higst A& 9F 7.0 kg& $Z7| (Cosmos
660, Inchon, Korea)o] Y1, 53 A|&9] 108] (70 L)
2 A7}t 100°ColA 247t AEet & SAAZ 3
o] 2ZE 12408 g2 AYT} (L& : 17.7%). T2
AzxE P38 AR 200 mgS FE3| SAT F
20 mL9 £F4E ¥o] 12 £ 0.2 4 m membrane
o3} (Woongki Science, Seoul, Korea)d}a] ZHoHo
2 sgc), ER PEEANS 74 At 5 F2)
baicalin®] FFE {ste] HY 4 mLZ Fsld =&
Ho] 10 mLE 3t § AFEAS RIS
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5. HPLC B-427

EEAL W Fe T4 4R §E BN
93l AMg ® ZH2 PhenomenexAt?] Luna Cis
(5 4 m, 4.6 X 250 mm, Torrance, CA, USA) Z¥
< 40CE FAst AN F4-2 1.0 mL/min
o2 ZEFUon FUFL 10 uLE FUSHH o]
L 1.0% 24tk0] IE & (AT 1.0% 2A4to] 3
2 oHNEUO|EY (B)& AME-81 0-40% 5-70%
B, 40—-45% 70-100% B, 45—-50% 100% B ¥ 50-55
# 100-5% B2 Z2% F 158 5 ABIFAHT
AZ9AL geniposide?} glycyrrhizin® 254 nm,
liquiritin@} baicalin2 280 nmo|A A&}

6. IT-TOF-MS B4 =4

HEEE XA Y 32 AJE2l geniposide, liquiritin,
baicalin ¥ glycyrrhizin®] ¥3 ¥ BxlgF Sl
913}o] ShimadzuAbe] LC-IT-TOF MSE AM&3}o]
gol5lgitt, LC-IT-TOF MS ¥4 Z7A-L positive
ion modeA AE3}F o, A7 HE= m/z 100-
10009] HANA RAFS HESIHT EF 4.5 kV
9] capillary voltage, 200°C2] heat block temperature
9 1.5 L/min®] nebulizing gas X730 F2 AR

B EEE e G

7. HEA A4

439 BEFo oiF AP
0.39 - 50.00 4 g/mL, baicalin 1.56 — 200,00 4
g/mL @ glycyrrhizin 0,78 - 100,00 4 g/mL2] %=

EEE P EREEE RS R R

geniposide®} liquiritin

ot ZAE A A (HE T3k
AE wdsignt, B3 &AL Al A
3 (signal; 8) o 3 (noise; N) H|E ©]§3}o] Zt
7} 33} 10 7|E 22 A3t
8. itsks &4

(1) ABTS 2z 2A% &7

ABTS #Ht|Z-& o435 34itsts 542 ABTS'

cation decol orization assay H'H-2 96 well plate©]
oA $Aste] AASkgTE™ 7 mM ABTS$} 2.45
mM potassium perulfates ZHFsE=2 E3lste] 4
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221 oA 24A7F F2t RSt ABTS' & 3
4 A F 143 nmeld 079 FRE R AES
phosphate buffer saline (PBS, pH 7.4)2 3|43}
t}, 96 well plateo]] ABTS" &9y} A|2E &35}
Ao A 587F HFeA]Zl & microplate readerS
AHgete] 134 nmolH FHES EAsT A=)
PSS ARE 59 $ujl PBSE Hrzes
st djzol digh S 2A5S WEEE Ug
Wlch & E 8ty vitamin CE A8

a

ABTS radical scavenging activity
= (1 - Asample/Acontrol) % 100

(2) DPPH )z 275 &4

DPPH 2t|ZE o]83t Alsts 542 96 well
plateg o]23}] AA3ATE? 96 well plate] 0.15
mM| DPPH €93} X| 25 Z3}ste] A4 302
7 WS AIZL ¥, 517 nmold FHES SHalic
RS TS ARE %< §o1e) DMSOE o
zgon oo dagd da oz 2745 ue
£2 Uehoie, BUEE Ute] vitamin OF A
galsi

DPPH radical scavenging activity
= (1 - Asample/Acontrol) X 100

9. LDL 4k} 97 &4 574

(1) Cu™of ©J3k LDLO] A3}

Yh3-2 LDL 100 ¢ g N85 EFF F 25 1 M
CuSO & 7Ire =M Az, 37ColA 6413k
E9H vk AIF L) WS- & thiobarbituric acid reacting
substance (TBARS)®] &4 3} relative electrophoretic
mobility (REM)?®-& 243}t

(2) TBARS &4

4k8t whg-o] gk LDL 50 ¢ g& |5t TBARS
Assay KitE 0|83} ALY protocold] wel &
A3lgict 249 3% 7+ malondialdehyde (MDA)
BETA tYAIAH MDA o= gHitstgitt

(3) REM &4

Abs) vh-g-o] Tu LDL 10 1 g2 0.8% agarose gel
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o] loading3d}l®] TAE buffer (40 mM Tris, 40 mM
acetic acid @ 1 mM EDTA)9|A] 100 V& 30 <t
A7]19% 3t &, Coomassie brilliant blue R—250%

QAyste] o5 AzlE Ssknt,

10, BAA=

AYAZZ mean + S EMOE EASIT Y
Ao et FAEA o4 AL ANOVARRES
2435199 2™ Dunnet’ s multiple comparison test
£ o83t p-valueZ} 0,05 W|9Hd ¢ {25t A
° g w5t

nF

m. 23 9

1, HPLC ®4x719] g+
HPLC-PDAE |83t W-F5d4h& +/43%k= 18
%9] AoF & 2]A}9] geniposide, F2] baicalin U
Z29] liquiritin¥} glycyrrhizin 5 4%9] AJ£of o
sof BA wHES AR 45 2o 2o
£ 93t ZF o= Phenomenex Luna Cis, Waters
SunFire C;s ¥ OptimaPak Cis Z7g, Z3d 289 2
=30, 35 9 40C 183 o]FAO R A 2ANo] H
7t E-oMEU|EE B E-HEE 55 ol&
sjof Hdel BHzAS AT, 1 A3t 4009
Z9Y 28 2% Luna G 2 ¥ 1.0% 2Ato] Z4zt
e 28 oMEUelEdE ZAAsIT A"
%|%¢] HPLC-PDA #A¥E o83t 459 A&
358 oJo] £2lF 5,790 o= <33l £
7} olZojFon LR}l 3.71-9.58, Ha|elx}
1.20-1,47 9 o] 2tk 898828049 5 A|AE] 3t
A= 3sHA Uebth (Table 2). HAo A ZF A&
9] peaks EFLMOX Q] HEE peak? retention
timeT} UV &5 3P W $AI5YUS 53f vl &<
3}, geniposide, liquiritin, baicalin & glycyrrhizin
T 459 AR 1418, 1738, 22 58 X 31,789

77t A2 (Fig 2).,
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Table 2. System Suitability of the Four Marker Compounds

Compouna | Oopacty | Sopeston| g i) | Resohton
plates (N)

Geniposide 3.71 1.29 10380 5.79
Liquiritin 4.78 1.29 15637 5.79
Baicalin 6.52 1.36 8988 6.91

Glycyrrhizin |  9.58 1.47 28049 10.75

2. IT-TOF-MS& 0|83 Fa4H 3l
HREEMAO] 9 AJE-9] geniposide, liquiritin,
baicalin @ glycyrrhizing IT-TOF-MSE ©]-&3}a]
Nue salsdt Ade] Fo oz gum
geniposide?] 79 ¥ BEx=F m/z 388,13699] Na7}
A7HE m/z 411,1235004 EAlo| L w27t AEE St
(Fig. 34), =9 8 A2 liquiritind} glycyrrhizin
S [M+Na]*$} [M+H]™S] HE2 m/z 44111549+
m/z 823.41179|4 Z+Z+ AZ= 9ttt (Fig. 3B and
3D). Flavonoid glycoside?l liquiritin® in—source
collision®]| 2J3F glucose?] ©|&Z m/z 257.0793%]
A fragment T)37} ERIE|Q) O™, terpenoid saponin
glucoside?l glycyrrhizin in—source collision®]|
o) & BA}9] glucuronic acid?] o|2Z QI3 m/z
647.37577} T BZ}9] glucuronic acid@} H02] o]g:
2 m/z 453,33279| 4] fragment )3 E FI3}H T}
T3 3o baicalin® [M+H]'Q HEE m/z
4470886914 ¥ HAEE Aol 37} HEH
Ro™ fragmentZ glucuronic acid’} o|&st m/z

271.0553°] HEH I} (Fig. 30).

3. AFA, AETA L ADIMA

2+l HPLC-PDA EAHS 0]83td Fx=of ot
£ u]3 HAYH|Z geniposide, liquiritin, baicalin
v

4 glycyrrhizin 5 439 & g AFAS 24
3k Ad AFRAS 7o) 0.9999 oJAke & 1.09] 717k
& S kg AAS dEGITE BR o]F 4%
Ao gt A&3HA= 0.06-0.29 4 g/mLE LERSE
o AL 0,20-0,98 1 g/mLE JERFTH (Table
3).
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o 10 20 30 min

(s} 10 20 30 min
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1 502?01 TEARTH

1254 (©)

o 10 20 30 min
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SO Zaanm

300{ (D)

100+
o: A I .. \_.M/ll

o 10 20 30 min

Figure 2. HPLC chromatogram of the standard mixture (A and B) and Bangpungtongseong-san
sample (C and D) at wavelength 254 nm (A and C) and 280 nm (B and D).
Geniposide (1), liquiritin (2), baicalin (3), and glycyrrhizin (4).

. b |

e 24 E ol8ste WA FEE 7} glycyrrhizin 5 4%0] djste] SEEA 258
iste] thEat o] FAIRAS AXEHT 1 F & A BA3F 23} 5.06-27.56 mg/glE FAEE
Z)A}9] geniposide, 2] baicalin Y 732 9] liquiritin At} (Table 4),
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|_!‘IIEI'I.|:.'(1.W£'.‘UW] , Table 4. Contents of Four Compounds in the Bangpung-
30_ T If[_l:;[;tl:;]:l (A) tongseong-san by HPLC-PDA (n=3)

] S o Compound Mean (mg/g) SD RSD (%)
ZD_ Geniposide 5.06 0.02 0.31
10_ Liquiritin 7.33 0.01 0.20

”f-ﬁ% h| ot Ll }502.1?25['2} Baiclin 27.56 0.20 0.74
0.0t IJZfllﬂ‘I aan EBC’ =t ?éﬂ b . Glycyrrhizin 7.81 0.02 0.20

Inten.x100,000) i

bl ®) | 5 gEugs as a4

1 (1) Ak A4

= i o WEEAALe] Bk} RS WA 2EES
el [ sEde 2% F ABTSS} DPPH 2tjz 27184

0.0——1LL < S48tk ABTS oz £ASAS wlwgt
o Tm o a wm ome A% FEE SRS 37K wet ABTS v

g 270 FIeHE 4TS et HEEL 3

ﬂmﬁ]ﬂ; © 226,25, 12,5, 25, 50 L 100 4 g/mL FEo|A 2zt
20 ' 7} 13,98, 26, 46,76, 77,99 ¥ 99.17%2] riZ =

] 011 86(1) ASHS Uehion ARS A7 &L gz
s - veciear 9 FFES 1/28 FaA7ler Bad Amd &

1|sz ﬂf | . (RCs0)2 28.86 ¢ g/mLE FHEQTE P2+
00—t LT T T vitamin C9] RCs Z+e 3.22 4 g/mLE BEET}

Inten.(x100,000) (Table, 5). DPPH &ttjzre] 42784 E3+ ABTS &
75 [—'\’1-2%1393—121%?}+HI+ D) o] 2ASAGT FARH s=oE8 37 Y

] ' Rk, &8 25, 50, 100, 200 2 400 4 g/mL %
50 ML Glu+H]* o)A Z+zZ} 2.5, 22.63, 51.25, 79.45 I 82.53%92]
559 | e grjd 2AEYE UElion, RCoe 113.63 4

1 2011105 BT goagqq7 g/mLE FAEYr} PRI vitamin C2] DPPH
e oo PR 1 T, efrizol] e ROy 2e 8,79 4 g/mL2 REUTH

250 500 750 mz

Figure 3. MS spectrum of four reference standards.
Geniposide (A), liquiritin (B), baicalin (C), and glycyrrhizin (D).

(Table, 6).

Table 3. Linear Range, Regression Equation, Correlation Coefficient, LOD, and LOQ for Four Compounds (n=3)

Compound Linear range (n.g/mL) Regression equation* Correlation coefficient () (uI;(l)rr?L) (uLg(I)n?L)

Geniposide 0.39-50.00 y =7534.72x - 537.35 1.0000 0.20 0.65
Liquiritin 0.39-50.00 y =12712.19x - 846.46 1.0000 0.15 0.49
Baicalin 1.56-200.00 y =33975.29x - 14091.63 1.0000 0.06 0.20

Glycyrrhizin 0.78-100.00 y =7127.81x - 1847.86 0.9999 0.29 0.98

*y: peak area (mAU) of compounds; x: concentration (ug/mL) of compounds.
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Table 5. Scavenging Effects of Bangpungtongseong-san on
AB

TS+
Herbal Concentration Scavenging RCso
formulas (ng/mL) effect (%)’ (ng/mL)
6.25 13.98 + 1.66
12.5 26.00 + 3.64
BPTSS 25 46.76 + 7.17 |28.86 + 1.08
50 77.99 £0.19
100 99.17 £ 0.58
1.25 20.69+£0.13
Vitamin C 2.5 39.33+£0.19 |3.22+£0.02
5 76.51 £ 0.52

* Data are represented as mean + SEM.
+ Concentration required for 50% reduction of ABTS" at 5 min

reaction.

Table 6. Scavenging Effects of Bangpungtongseong-san on
DPPH

Herbal Concentration Scavenging RCso
formulas (ng/mL) effect (%)* (ng/mL)"
25 2.50 £ 0.42
50 22.69 £ 0.63
BPTSS 100 51.25+0.98 1113'22 *
200 79.45 £ 0.68 ’
400 82.53 £ 0.90
5 23.58 + 1.09
Vitamin C 10 58.56 +1.87 |8.79+0.25
20 90.04 £ 0.36

* Data are represented as mean + SEM.

¥ Concentration required for 50% reduction of DPPH at 30 min

reaction.
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Figure 4. Effects of Bangpungtongseong-san on Cu?*

-induced lipid peroxidation in LDLs.
Indicated concentrations of BPTSS or vitamin C (50 pg/mL)
and LDLs were incubated with CuSQ, for 6 hr at 37°C. The
quantitative data were presented as mean * S.E.M. of triplicate
experiments. **p <0.01 vs. oxLDL group.
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Figure 5. Effects of Bangpungtongseong-san on ele-
ctrophoretic mobility of Cu?*-induced oxidized LDLs.
Indicated concentrations of BPTSS or vitamin C (50 pg/mL)
and LDLs were incubated with CuSO, for 6 h at 37C. The
electrophoretic mobility of LDLs were detected by agarose
gel electrophoresis. (A) The stained gel is representative of
three independent experiments. (B) Relative electrophoretic
mobility (REM) indicated the distances moved from the origin
were calculated and presented. **p <0.01 vs. oxLDL group.
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