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Abstract

Objective : The purpose of this study was to establish the simultaneous analysis for six compounds in
Gumiganghwal-tang (GMGHT, Jiuweigianghuo-tang) and to investigate the anti-atherosclerotic effects of
GMGHT in vitro

Methods : The column for separation of six compounds was used Luna Ciz column and maintained at
40°C. The mobile phase for gradient elution consisted of two solvent systems, 1.0% acetic acid in water
and 1.0% acetic acid in acetonitrile. The analysis was carried out at a flow rate of 1.0 mL/min with
pothodiode array (PDA) detection at 254, 280, and 320 nm. The injection volume was 10 pl. The antioxidant
activities of GMGHT 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), relative electrophoretic mobility (REM), and fragmentation of apolipoprotein
B (ApoB)-100.

Results: Calibration curves were acquired with ¥ > 09998. The contents of liquiritin, ferulic acid,
baicalin, baicalein, glycyrrhizin, and wogonin in GMGHT were 1.784, 1.693, 37.899, 0.258 1.869, and 0.034
mg/g, respectively. The GMGHT showed the radical scavenging activity in a dose-dependent manner.
The concentration required for 50% reduction (RCsy) against ABTS and DPPH radicals were 72.51 pg/mL
and 12849 pg/mL. Furthermore, GMGHT reduced the oxidation properties of LDL induced by CuSO..
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Conclusion : HPLC-PDA is considered as an available and convenient method for quality control and
standardization of GMGH and GMGHT has potentials on anti—atherosclerosis by anti-oxidative effect and

suppressive effect on LDL oxidation.

Key words : Gumiganghwal-tang (Jiuweigianghuo-tang), simultaneous analysis, ABTS, DPPH,
LDL oxidation inhibition, anti—atherosclerosis
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Figure 1. Chemical structures of nine marker compounds in Gumiganghwal-tang.
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Table 1. Composition of Gumiganghwal—-tang.

Herbs Latin name Amount (g)  Supplier Source

& (GES) Osterici Radix 5.625 HMAX China

g (BHE) Saposhnikoviae Radix 5.625 HMAX China

A OE) Cnidii Rhizoma 45 Omniherb  Yeongcheon, Korea
W2 (1) Angelicae Dahuricae Radix 45 Omniherb  Yeongcheon, Korea
FE a0 Atractylodis Rhizoma 45 HMAX China

A=(EE) Scutellariae Radix 45 HMAX Jeongseon, Korea
A X]ﬂ (:Hb3%)  Rehmanniae Radix Crudus 45 Omniherb  Kunwi, Korea

A2 (FiHE) Asiasari Radix 1.875 HMAX China

HE(HE) Glycyrrhizae Radix et Rhizoma 1.875 HMAX China

Total 375

2] baicalin®] @S ¢
mL& ?]3}04 S o] 20 mLE
A

E
Aghie

x250 mm, Torrance, CA, USA) Z#S A&
Fa, ZEHEE 40CE FA5ALE F52
1.0 mL/mino.2 Z#Fom FwF
Atk ol 542 1.0% acetic acid’} $H7-%¥ water
(A)Q‘r 1.0% acetic acid’} ¥ acetonitrile
(B)& ARE3sle] 0-40% 5-70% B, 40-45%
70-100% B, 45-50% 100% B, 50-55% 100-5%
B, 55-70% 5% BZ Z#FoH A&
glycyrrhizin 254 nm, liquiritin, baicalin, bai
calein 2 wogonine 280 nm % ferulic acid=
320 nmollA &3

() ABTS #HZ 275 54
ABTS #Hz2 o]&3 3t

Fels FAe
ABTS'- cation decol orization assay “&‘ﬂ% 9%

well platecl] 27 4 ste] AAJslAek 7
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ABTS®} 2.45 mM potassium perulfates =
g Taksle] A0l oo 24AZF Fot
Wx)5ke] ABTS+ &5 @4 A7 $ 743 nmoll A
079 3% k2 Zr== phosphate buffer saline
(PBS, pH 74)% 3A&t3ith %6 well plateo]
ABTS-&93 AFE Egsle] A&oA 57
ZF WH3-A171 % microplate reader (Benchmark
Plus, Bio-Rad. USA)E AF&-3te] 734 nmell A
FREE ST AR disle e AR

52l &l PBSE dlxwr o2 sk dlxat
gk gz Arss WEEE UERITH

Sdnl s $I5te] vitamin CE AHE-SFSITH

e 2 o

ABTS radical scavenging
activity=(1 — Asample/ Acontro) X100

(2) DPPH =H# 2715 54
A

ol 0.15 mM<e] DPPH &3} N85 &35}
Ao A 0EZE A7l T 517 nmollA &
£ 243 AR e Ans
£mjel DMSOE X o & slo] thxat
& aygw Jeiglt,
PURE $130 vitamin CF A3
DPPH radical scavenging



e 9] 291 Fu|ZdEete] B BA @ DL ksl &% AT
activity=(1 — Asamplo/Acontro) 100 3. A
5) MYUZX|CHEE (low-density lipoprotein; LDL) 218 Zk-8 mean + SEM o2 ¥ASAL A

that ofH e £

(1) Cu”ell ¢Jg LDLe] 4k}

Hk2-2 T DL (Biomedical Technologies, Stou—
ghton, MA, USA) 100 ug¥ Al&& &3 &
25 uM CuSOsE #7Fste =M A|2ksl9iaL, 37C
oA 6A1%F Bt HESAIZATE WS- $- thiobarbituric
acid reacting substance (TBARS)S] 34,10
relative electrophoretic mobility (REM)'” 2
apolipoprotein B (ApoB)-1002] fragmentation™

& 239

(2) TBARS =4

2k} Wkg-o] E1 LDL 50 ugS 33k TBARS
Assay Kit (BioAssay Systems, Hayward, CA,
USA)E o]-&3te] A=A protocolol] wha} =
A3t =45 &3 % 7HS malondialdehyde
(MDA) FF=77dell tidAlA MDA 4oz g
AbakeiTt.

F

=

(3) REM =4

AF3} wh-g-o] 4 DL 10 ugS 0.8% agarose
gelell loading3dle] TAE buffer (40 mM Tris,
40 mM acetic acid 2 1 mM EDTA)Oﬂ/H 100
V2 30% & d719ds 3 ¥, Coomassie
brilliant blue R-250Z 4 3}o] Ol% A=
=735tk

(4) ApoB-100 #43} =4

Absl wk-g-o] #1t IDL 20 ugS 6% SDS-
PAGE?| loadingst®] TAE buffer (40 mM
Tris, 40 mM acetic acid 2 1 mM EDTA)l| A
100 V2 6AI3F 59 17995 3§+ 3, Coomassie
brilliant blue R-2502 4 Asle] 23T}

|
AHAS ALt 2“1 Dunnets multlple com-
panson tes i o] 23}l p-value’} 0.05 7| 9HY
oz I3

. Zxf

1. HPLC SAIE4

HPLC-PDAE c°|-&3to] Fmdgdeds 4
s 959 Ak 5 g9 ferulic acid, ¥A] <]
9] baicalin,
baicalein 2 wogonin, A3#]&2] 5-(hydroxyme-
thyl)-2-furaldehyde (5-HMF) 2 #+%9] liquiritin
3} glycyrrhizin 5 9% A& tiste] FA
TS A5t S-oMlELolE” B

imperatorin®} isoimperatorin, 3

p

2 el Si) e o2l ma] 2Y &
e Fo)7] S8l 2AMS Hrlste] H A &
MzAs ST 1 A3 1.0% Z4ke] 2z
7} g B3 ol EYo|EL S o] &3ty 7]
271885 AMESte] 9% A FEsh &
sttt webd e fejxds o]8ake
2 AS EA% 2¥ liquiritin, ferulic ac1d,

baicalin, baicalein, glycyrrhizin % wogonin %

652 Aditvte] HEo] HAur) gyd HPLC*
PDA EX oA o]& 652 HEELS HE 9
ol 25 5 1.6 ooz YEsiA HEHAU
o 1Al FEAAF W o]EHg T Al
S 3HA YERE T Table 2). 73 Y
o] A €] peakr‘? T2 AE peak?| retention time
I UV 55 93-S vasie] g1si9om,
liquiritin, feruhc acid, baicalin, baicalein, glycy—
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Table 2. System Suitability of the Six Marker Compounds.

Capacity factor Separation factor Nun?ber of .
Compound , theoretical plates Resolution(Rs)
(k") (@)
(N)
Liquiritin 5.04 1.05 30925 1.61
Ferulic acid 531 1.05 16163 1.61
Baicalin 7.01 1.32 31896 8.96
Baicalein 9.35 1.11 29602 4.96
Glycyrrhizin 10.33 1.08 83598 447
‘Wogonin 11.13 1.08 57600 447
rrhizin ¥ wogonin & 632 A#2 16.801%, WA gk A 24 A Hd3de] A3l
176495, 22.373%, 23916+, 31.606% % 33.911 5 ()7F BF 09998018 0.2 1o 7Hhe 45
ol 247} =& H Avk(Fig 2). g Ad4E HERNItHTable 3).

SHE FAES o &ate] e F9

2) To|ZEEte| ety AJ3-9] liquiritin, ferulic acid, baicalin, baicalein,

glycyrrhizin 2 wogonine A% A}

Liquiritin, ferulic acid, baicalin, baicalein, 1784, 1.693, 37.899, 0.258, 1.869, and 0.034
glycyrrhizin 2 wogonin 5 6% 432 peak mg/go 2 717} AZE Ut Table 4).

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

Compound Linear range (ug/mL) Regression equationa Correlation coefficient ()
Liquiritin 0.78-100.00 y = 14375.57x + 5543.30 0.9999
Ferulic acid 1.56-200.00 y = 54164.43x - 8363-81 1.0000
Baicalin 2.00-800.00 y = 37166.21x - 60426.69 0.9998
Baicalein 0.39-50.00 y = 23303.79x - 9442.11 1.0000
Glycyrrhizin 1.56-200.00 y = 777791x + 1423.05 1.0000
Wogonin 0.39-50.00 y = 29690.14x + 10600.53 0.9999

4y peak area (mAU) of compounds; X: concentration (ug/mL) of compounds.

Table 4. Contents of Six Compounds in the Gumiganghwal-tang by HPLC-PDA (n=3).

Compound Mean (mg/g) SD RSD (%)
Liquiritin 1.784 0.007 0.391
Ferulic acid 1.693 0.001 0.033
Baiclin 37.899 0.267 0.704
Baicalein 0.258 0.007 2.699
Glycyrrhizin 1.869 0.001 0.061
Wogonin 0.034 0.000 0.850
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ram of the standard mixture (A) and Gumiganghwal~tang sample (B)

at 254 nm (1), 280 nm (Il), and 320 nm (Ill).

5-HMF (1), liquiritin (2), ferulic acid (3), baicalin (4), baicalein (5), glycyrrhizin (6),

wogonin (7), imperatorin

(8), and isoimperatorin (9).
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dekS Btk FugEe 255 25 50, 100,
200 2 400 ug/mL FENA 27} 16,01, 27.79,
51.81, 7951 % 99.45%9] 2t A2AEA S e}

wom AsE A7 &2 dxTY FEEE
128 7aA7)e=d 483 ’\]Eﬁﬂ ¥ RCx)>
7251 ug/mL=E FEEAT FAU=

C9 RCy 3 231 ug/mLE TZEATKH Table
5). DPPH #tjzhe] A7 84 ®=gk ABTS &h
o] AR A woEAd STt
= ey 55 25, 50, 100, 200 % 400
ug/mL F=olA Z+Z} 255, 1579, 35.60, 68.34
2 88.31%9] #ud AAZAHS YEelW o,
RCso= 12849 ug/mL= #&EHUTE FAAdx
2] vitamin C¢] DPPH #}t]Zte] thal RCs
2 744 ug/mLE BZE ATH Table 6).

Table 5. Scavenging Effects of Gumiganghwal~tang on ABTS'™

Herbal formulas Concentration Scavenging effect RC50*
(ug/mL) (%) (ug/mL)
25 16.01 + 1.06
50 27179 + 1.44

GMGHT 100 5181 + 275 7251 £ 1.88
200 7951 = 0.74
400 9945 £+ 0.10
25 4061 + 1.44

Vitamin C 5 75.86 = 1.06 231 + 0.05
10 99.78 £ 0.06

*Concentration required for 50% reduction of ABTS"

at 5 min reaction.

Table 6. Scavenging Effects of Gumiganghwal-tang on DPPH

Herbal formulas Concentration Scavenging effect RC50"
(ug/mL) (%) (ug/mL)
25 255 + 1.21
50 1579 + 255

GMGHT 100 3560 £ 2.66 12849 + 9.76
200 6334 + 494
400 83.31 + 143
5 24.27 + 140

Vitamin C 10 5379 £ 1.98 744 + 0.27
20 90.04 + 0.36

“Concentration required for 50% reduction of DPPH at 30 min reaction.
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Figure 3. Effects of Gumiganghwal~tang on Cu*~induced lipid peroxidation in LDLs.

Indicated concentrations of GMGHT or vitamin C (50 ug/mL) and LDLs were incubated with CuSO4
for 6 hr at 37C. The quantitative data were presented as mean + S.EM. of triplicate experiments.
“p <0.01 vs. oxLLDL group.

GMGHT (pg/mL)
LDL OxLDL 625 125 250 500 1000 Vit.C

— P w bl M

Figure 5. Effects of Gumiganghwal-tang on CU¥ ~mediated ApoB fragmentation in LDLs.

Indicated concentrations of GMGHT or vitamin C (50 ug/mL) and LDLs were incubated with CuSOj
for 6 hr at 37C. LDLs were loaded onto 6% SDS-PAGE for electrophoresis. The stained gel is
representative of two independent experiments.
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(A) GMGHT (pg/mL)
LDL OxLDL 1000 500 250 125 625 Vit.C
o
(B)
2
1.8
1.6
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1
03
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Figure 4. Effects of Gumiganghwal-tang on electrophoretic mobility of Cu?"-induced oxidized LDLs.
Indicated concentrations of GMGHT or vitamin C (50 pyg/mL) and LDLs were incubated
with CuSOy for 6 h at 37C. The electrophoretic mobility of LDLs were detected by
agarose gel electrophoresis. (A) The stained gel is representative of two independent
experiments. (B) Relative electrophoretic mobility (REM) indicated the distances moved
from the origin were calculated and presented.
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i ek 2Ed 2o o] Wy Eo] Akst LDL
o] tl5te] HPLC-PDAES o] &3}e] EA|EAS (oxLDL)& #Adstet olzfgt 4bsl LDL2 d
AT liquiritin, ferulic ac1d baicalin, baicalein, A AL T2 Ao ofalf Al LHE ol
glycyrrhizin ¥ wogonin 5 6%2] Aol ti3l AFAEE FA4sHA vk AFAEE A
A AR AnEs E%c}&’iﬂr. Rl PAS 2 xo A g B HET AE e “"-@]r 54 4
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