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Simultaneous analysis of 12 kind maker components in
Banhabaekchulchhonma-tang by RP-HPLC

Kwang Jin Lee', Hye Jin Yang', Jin Yeul Ma"
'Korea Institute of Oriental Medicine(KIOM), KM-Based Herbal Drug Development Group

2 oF ulMEHue-e thekst e S Th AEShEA eIt 2 s kA ] FAREE 93 7| 2AEEA,
pAsHdA ARvtETY Y (RP-HPLO)E o83k RistllEdntetol | 12F A 3EAE Homogentisic acid, Hesperidin,

Naringin, Alisol A, Atractylenolide II, Atractylenolide III, Ginsenoside Rgl, Formononetin, Gastrodin, Berberine, Palmatine,
6-gingerolZ FAIEA At HENL G Cis A3 AT o5 2R E(0.1% TFA)T oA ELto| EH S ALg-3lo]
7171 &M 2 F45E 1.0mL/min, FHFI = 10U, AH LT 2% 40T, 3 200, 220, 280, 340nmell 4] 523 =] At
o] A3} wE FEAE AL ST AN 09902 ERTE 3 EA(LOD) 9 A FA(LOQ)E 001
2~0.878ug/mLE  0.009~0290ug/mL, 24 intra-day$} inter-days 0.07~121%2 020~090%, 3|4&S 9717~
108409, Z47+e] gk w9~ wnlg WstE ehhuiSith o] Ag-Ade HEH O YFH SAEAHY gyl uhet uikst

)= e
wEnge FAYE BeH0R ReFr)

Abstract Banhabaekchulchhonma-tang is a traditional Korean herbal prescription with a range of pharmacological
activities. In this study, the simultaneous analysis of 12 kinds of marker components, Homogentisic acid, Hesperidin,
Naringin, Alisol A, Atractylenolide II, Atractylenolide III, Ginsenoside Rgl, Formononetin, Gastrodin, Berberine,
Palmatine and 6-gingerol, in Banhabaekchulchhonma-tang was performed using high-performance liquid
chromatography (RP-HPLC). The standard sample of commercial C;g reversed phase-column using water (0.1% TFA)
and acetonitrile as the mobile phase with a step gradient elution mode. The flow rate (1.0mL/min), injection volume
(10uL) and column oven temperature (40°C) at a 200, 220, 280 and 340nm wavelength was conducted. All calibration
curves of the standard components showed good linearity (”>0.999). In addition, the limit of detection (LOD) and
limit of quantification (LOQ) ranged from 0.012 to 0.878ug/mL and 0.009 to 0.290pg/mL. The precision intra-day
and inter-day were ranged from 0.07 to 1.21% and 0.20 to 0.90%, respectively. The recoveries ranged from 97.17
to 108.40%. Each sample amount showed a very small change. These results highlight the efficient quality evaluation
of Banhabaekchulchhonma-tang.

Key Words : Banhabaekchulchhonma-tang, Medicinal herbs, RP-HPLC, Simultaneous analysis.
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Homogentisic acid, Hesperidin, Naringin, Alisol A,
Atractylenolide 1II, Atractylenolide III, Ginsenoside
-Rgl, Formononetin, Gastrodin, Berberine, Palmatine,
6-gingerol& to.2 RP-HPLC-DADE ©]-&-3 t}A]

B 5A ARe) G993 A6 oja A5 AAle

o] Bep el FANE AT )2 Aug APHoE

Fae] AN

2. 4

ot
g

HEEH
==

21 M2 L Al
AGA -2 Ao AMEH ksl EHnige] 4]
SHekA|Ql wsl Pinelliaternata, 13 Citrus unshiu, @o}

Hordeumvulgare, ™% Atractylodes japonica,

o> Ji

Triticumaestivum, 3% Atractylodes japonica,

Panax ginseng, 37| Astragalusmembranaceus,

o I O >
=

Gastrodiaelata, wEa  Poria cocas, A}
Alismacaraliculatum, 77 Zingiberdfiicinale, 3

)
Phellodendronamurense, 7% Zingiberdfficinale = X
T g2k AH20139 39 Gyeongbuk yeongcheon,
Korea)oll A 7+43t3daL, thgtefdel 7] 2429 oA
o] A As GMste] 4T W Basto] &
JaleEaFdA A ARE AHESAT

AlF-E A 82 Ginsenoside Rgle  AloFajoll A,
Homogentisic Sigma(USA.) el A,
Atractylenolide II, Atractylenolide III, Liquiritigenin,
Gastrodin,  Berberine, Formononetin,
6-gingerol Faces Biochemical(China)ol4] Alisol A2

Wako(Japan)oll Al 4313tk 24 2EE4e] 58

acid, Naringin

Palmatine,

F(99%) 0.2 ek ol ELto]EY ol EARS
Baker(US.A)oll A T-$338t ok Bufferdl] A8
trifluoroacetic acid(TFA)+ Sigma(USA.)olA 913}
o 2ela =2 33 SR8 ARSI Fig. 1elM =
12% A2 diste] x2S AEstar

—

de rlo
>
r 32 oo 3

22 EEANR

Ao AMg" AFE AR, homogentisic
acid(200.0ug/mL),  gastrodin(1000.0ug/mL), naringin
(1400ug/mL),  hesperidin(3200.0ug/mL), ginsenoside
Rg1(500.0ug/mL),  palmatine(200ug/mL),  berberine
(200ug/mL),  formononetin(200ug/mL),  6-gingerol

(200ug/mL), Atractylenolidell(200.0ug/mL), Atractylenolide
I1(200.0ug/mL), Alisol A(200.0ug/mL)< A &s] 2 Hs}
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[Fig. 1] Chemical structures of 12 kind maker
components in Banhabaekchulchhonma-tang

2.3 HPLC EMxA
HPLCE WatersAte] Al A8l ALEE14 a1 A AElS
pump(2695), autosampler, column oven, photodiode

array UV/VIS detector(996)2 A5tk
chromatogram datat™ Waters Empower 1.0 software
system F3 21T Columne Optimapak Cis
column(250 x 46 mm 1D, 5 um, RS-tech(Daejeon,

\=]
CRE

South Korea)ol1l Z# @ E&%== 40°CE FA8HTh
ol 542 0.1%(TFA)E E3ehs E(A)F o EY
S| EEB)Y TAHLE 14 1.0mL/ min® 7]&7]8z=
AWE oldste s IR Table 194=
HhetulEdntgte] EA A0S eI

[Table 1] Mobile phase condition of chromatographic

analysis
Time(min) Water A*(%) Acetonitrile B*(%)

0 90 10

5 90 10

40 10 90

40 0 100

60 0 100
?A: 0.1% Trifluoroacetic acid(TFA)+Water
®B: Acetonitrile

REANBE B4 A 0um WEH< DHE o] 93k

- 0uLE Tt 245199t DAD detectore] UV =}
&2 190~400nm HLlelA 2t A 4w Hf UV &
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Homogentisic acid - 280nm Gastrodin — 220nm Naringin - 280mm Hesperidin - 280nm

ii?\/ﬁ\ /ﬁ\ 2V e i
a :

Vi1

BEIENIEL

Palmatine —340am Berberine —340nm

Formononetin — 340mm

Alisol A - 200mm

Atractylenolide IT-220nm

G-gingerol - 280am

Atractylenolide II1-220nm

[Fig. 2] The maximum UV absorption wavelength of
12 kind maker components

‘ UV wavelength: 200nm

Intensity (AU)

Intensity (AU)

UV wavelength: 280nm

UV wavelengih: 340nm

Intensity (AU)

Standard misture|

[Fig. 3] The HPLC-DAD chromatogram of standard
and Banhabaekchulchhonma-tang
(Homogentisic acid (1), Gastrodin (2), Naringin (3),
Hesperidin (4), Ginsenoside Rgl (5), Palmatine (6),
Berberine (7), Formononetine (8), 6-gingerol (9),
Atractylenolide III (10), Atractylenolide II (11), Alisol A

(12))
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o]u] Ginsenoside Rgl, Alisol A= 200 nm, Gastrodin,
Atractylenolide 1II, Atractylenolide II= 220 nm,
Homogentisic acid, Hesperidin, Naringin, 6-gingerol+
280 nm, Formononetin, Berberine, Palmatine™ 340 nm
9] j]_;d—o}]/qg] Tj,]ﬂ 13:]_%4_0. Zz%g]_oﬂq_. 7L_t;_7]. =3
5ol sk AdA ol Hold RP-HPLC =31
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RSD%7} 3% o] s}2
+ inter-day®} intra-

GA(LOD)Z, 0009~0200ug/mL  W9le] HZas — HHTable 3l
(LOQ)E HERHATH Table 2].
sl MY
SEIRS bl ol BAQlH Alsol T 4 e AR TS
sy BARAW ] AUAS Folaly] e vy EUT F ARGLS IrES B A 12F AR
A8 intra-day%} inter-day test 23, intra-day® 8 9717~10840% &S HERlS T2 A4
007~121%, inter-day= 020~090%2] Ajgzdz < HEhHAer FhEZHIHRSDY%)§h2 2.15% o] 5}

RSD2%) 7= YERARATE Inter-day$} intra-day 2

[Table 21 The linearity, correlation coefficient(:”), limit of detection(LOD) and limit of quantification(LOQ)

Compounds Linear range (ng/mL) Regression Equation® 7 (n=6) (ut/on?l,) (ut?n?L)
Homogentisic acid 0.21~16.67 y = 913945 x + 47411 0.9998 0.047 0.144
Gastrodin 1.04~8333 y = 48499 x + 3167 1.0000 0.290 0878
Naringin 1.46~11667 y = 2083953 x + 22867.75 0.999 0.033 0.100
Hesperidin 3.33~266.67 y = 2687587 x + 53002.74 0.9998 0.068 0.205
Ginsenoside Rgl 0.52~41.67 y = 434595 x - 1929.08 0.999% 0.039 0118
Palmatine 0.21~16.67 = 7634602 x + 2744.83 1.0000 0.008 0.024
Berberine 0.21~16.67 y = 7042588 x + 382883 1.0000 0.005 0.014
Formononetine 0.21716.67 y = 6624597 x + 271.67 1.0000 0.012 0.036
6-gingerol 0.21~16.67 y = 978569 x + 739.42 0.999 0.021 0.063
Atractylenolide IIT 0.21~16.67 y = 4294716 x + 510115 0.9999 0.004 0.012
Atractylenolide IT 0.21~16.67 y = 6493385 x + 726330 0.9998 0.009 0.027
Alisol A 0.21~16.67 y = 17169.05 x - 1948.04 1.0000 0.053 0.159

“Y : peakarea, x -

concentration(mg/mL
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[Table 3] Analytical results of intra and inter-day test

Intra-day (n=5) Inter-day (n=5)
Concentration
Compounds (ug/mL) Mean + SD RSD  Accuracy Mean + SD RSD Accuracy
(ng/mL) (%) (%) (ug/mL) (%) (%)
833 824 = 005 0.60 9892 819 + 0.06 0.75 B34
Homogentisic acid 417 415 + 0.01 0.07 99.53 416 = 003 0.62 973
208 203 + 0.02 0.80 9748 2.04 £ 001 0.56 98.10
4167 4094 + 0.18 043 9825 4116 + 0.12 0.30 RB79
Gastrodin 2083 2053 + 017 0.84 98.54 2065 + 0.04 0.20 99.14
1042 10.10 £ 0.12 121 96.94 1041 £ 0.05 0.70 99.96
5833 5702 + 046 0.81 97175 5794 + 052 0.90 9932
Naringin 2917 291 + 0.24 0.83 9.13 2889 + 0.06 0.20 9.06
1458 1457 + 0.05 031 990 1461 + 0.4 0.25 100.15
133.33 131.35 + 0.33 0.25 9852 13355 + 0.83 0.66 100.16
Hesperidin 66.67 65.89 + 053 0.81 9383 6649 + 0.16 0.24 974
3333 3345 + 0.11 0.34 100.36 3345 + 0.09 0.27 100.34
2083 2023 + 0.16 0.80 97.12 2062 £ 0.04 0.20 9.06
Ginsenoside Rgl 1047 1045 + 0.06 058 100.34 10.26 = 0.09 0.89 9B52
521 519 + 0.04 081 970 521 = 003 054 9.9
833 809 + 0.08 1.00 97.06 828 + 0.07 0.88 9.34
Palmatine 417 416 £ 0.03 0.72 100.21 416 £ 0.02 0.36 99.84
2.08 2.08 + 0.01 0.24 99.90 2.08 + 0.01 0.24 9987
833 809 + 0.06 0.76 97.06 821 + 0.07 0.82 99.56
Berberine 417 416 + 0.02 058 N7 416 + 0.02 053 99.88
208 2.08 £ 001 011 9093 2.08 £+ 0.01 0.10 100.05
833 810 + 0.08 093 97.22 822 + 0.06 0.68 9865
Formononetine 417 413 = 004 0.9 9.06 416 = 002 0.38 991
2.08 209 £ 0.01 0.19 100.24 207 + 0.01 0.46 9.54
833 837 + 0.03 0.34 100.46 835 + 0.03 041 100.15
6-gingerol 417 412 £ 001 0.11 9899 414 £ 001 0.26 99.26
208 2.10 £ 001 0.32 100.80 209 + 0.01 0.23 100.30
833 817 + 0.05 067 9801 826 + 0.04 045 9.16
Atractylenolide III 417 412 £ 003 0.73 9BHA 416 £ 001 017 99.86
2.08 2.06 + 0.01 0.28 9.02 2.06 + 0.01 015 99.05
833 820 + 0.02 0.22 9837 823 + 0.01 0.03 R
Atractylenolide II 417 414 £ 001 027 99.29 416 £ 001 0.26 9.4
2.08 2.07 + 001 041 9.23 207 + 0.01 040 99.50
833 833 + 0.04 049 100.57 835 + 0.01 015 100.19
Alisol A 417 417 + 0.01 0.34 100.18 416 + 0.01 0.22 P77
2.08 2.10 £ 0.01 0.28 100.81 208 + 0.01 0.50 99.99
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[Table 4] Analytical results of accuracy test

Compounds S e el o R
417 415 £ 002 055 99.54
Homogentisic acid 208 207 £ 0.01 0.37 9.40
1.04 1.02 + 0.01 017 98.23
20.83 2161 + 055 254 103.74
Gastrodin 1042 11.29 £ 0.20 1.74 108.40
521 542 + 012 215 104.03
29.17 2973 + 0.03 0.09 101.94
Naringin 1458 1417 + 0.4 0.30 97.17
7.29 720 £ 0.04 050 976
66.67 6827 + 0.35 0.51 10241
Hesperidin 3333 3393 £ 0.13 0.38 101.79
1667 1734 + 013 0.77 104.05
1042 10.22 + 0.08 0.76 98.08
Ginsenoside Rgl 521 523 + 0.08 161 100.50
260 257 £ 002 0.80 98.66
417 425 £ 002 0.37 101.90
Palmatine 2.08 217 + 002 0.70 103.99
1.04 1.05 + 0.01 045 101.24
417 425 £ 002 0.44 102.05
Berberine 2.08 212 £ 001 021 101.63
1.04 1.05 + 0.01 0.68 101.08
417 423 + 001 0.22 101.53
Formononetine 2.08 216 £ 001 0.27 103.62
104 1.03 + 0.01 0.39 99.31
417 411 + 001 0.07 9861
6-gingerol 2.08 2.06 + 0.02 0.77 9892
1.04 1.07 + 0.01 0.06 103.09
417 418 + 001 0.26 100.37
Atractylenolide IIT 208 211 £ 0.03 152 10151
1.04 1.07 + 0.02 212 102.77
417 414 £ 001 015 99.44
Atractylenolide 1T 2.08 207 £ 001 0.72 99.27
1.04 1.02 + 0.02 149 98.37
417 422 + 001 0.26 101.26
Alisol A 2.08 205 £ 001 051 9817
1.04 1.06 + 0.01 0.37 101.97

252 suEy
HPLC-DADE o] §-3F 15}
o Hste] A4 AL Fal
RS,
A AR FERe o5y

4688

10uL, UV 313 200, 220, 280, 340nm= 4-8-3ff <13}k
Atk A Ay Hesperidin 11.564~14.488ug/mg
Atractylenolide II 0.053~0.075ug/mg, Atractylenolide
1T 0.400~0.498ug/mg, Formononetin 0.001~0.002ug/mg,
0.142~0.164ug/mg, Palmatine

Berberine

0.067~
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[Table 5] Comparison of amount of 12 kind maker components in Banhabaekchulchhonma-tang

(unit : ug/mg)

Sample Homggieéltisic Gastrodin Naringin Hesperidin Ginsl%‘l'gl(l)side Palmatine
BB-0 nd. nd. nd. 14.488 nd. 0.088
BB-1 nd. nd. nd. 11.564 nd. 0.067
BB-2 nd. nd. nd. 12277 nd. 0.070
BB-3 nd. nd. nd. 12.249 nd. 0.072
BB-4 nd. nd. nd. 12.328 nd. 0072
BB-5 nd. nd. nd. 12504 nd. 0.072
BB-6 nd. nd. nd. 12479 nd. 0.071
BB-7 nd. nd. nd. 12340 nd. 0.074
BB-8 nd. nd. nd. 12,671 nd. 0.076
BB-9 nd. nd. nd. 12.893 nd. 0.076
BB-10 nd. nd. nd. 12.656 nd. 0.074
BB-11 nd. n.d. nd. 12.372 nd. 0.072

Sample Berberine Formononetine 6-gingerol Atractylenolide I Atractylenolide I Alisol A
BB-0 0.159 0.001 0.240 0.498 0.061 nd
BB-1 0.142 0.002 0.162 0.400 0.033 nd.
BB-2 0.151 0.002 0.160 0.455 0.068 nd.
BB-3 0.154 0.002 0.157 0454 0.066 nd.
BB-4 0.156 0.002 0.157 0.465 0.070 nd.
BB-5 0.156 0.002 0162 0.463 0.070 nd.
BB-6 0152 0.002 0156 0.465 0.071 nd.
BB-7 0.158 0.002 0.154 0.464 0.070 nd
BB-8 0.162 0.002 0.164 0477 0.073 nd
BB-9 0.164 0.002 0.003 0485 0.075 nd.
BB-10 0.159 0.002 nd 0475 0.073 nd.
BB-11 0.154 0.002 0.159 0.466 0.072 nd.

Nd : Not detected

0.088ug/mg, 6-gingerol 0.003~0.240ug/mg® LFE}SES.
™ Homogentisic acid, Naringin, Alisol A, Ginsenoside
Rgl, Gastrodin®ll thate] E1E#] 2t Table 5). ©]
A 8RS -] g ol 5 24, 5,
T ®WEs g 7)e7]8m 2 (gradient
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skt
Zyzko] A& ghS ¥A43 A3} Hesperidin 11.564~
14.483ug/mg  Atractylenolide 1T 0.053~0.075ug/mg,
Atractylenolide I 0.400~0.498ug/mg, Formononetin
0.001~0.002ug/mg,  Berberine  0.142~0.164ug/mg,
Palmatine  0.067~0.088ug/mg, 0.003~
0.240ug/mg = YRt ™, Homogentisic acid, Naringin,
Alisol A, Ginsenoside Rgl, Gastrodin®l] thale] gH¢lg]
A FoUTt o]} o] FalE AT A= AFHeE ¢
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Aol AR TR FAA ] gy
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