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Abstract — Bulhwangeumjeonggisan (BHGJGS) is a traditional herbal formulation generally used in the treatment of cold and
gastritis. BHGJGS consists of eight herbal plants; Atractylodis Rhizoma, Magnoliae Cortex, Citri Pericarpium, Glycyrrhizae
Radix, Agastachis Herba, Pinelliae Rhizoma, Zingiberis Rhizoma and Zizyphi Fructus. Complete standardization of this for-
mulation has not been done yet. So, a simple and accurate method was developed and validated using Ultra Performance Liquid
Chromatography (UPLC) with Diode Array Detector (DAD) for the standardization of BHGJGS. UPLC conditions were opti-
mized using a c18 RP-Amide column with mobile phase; 0.1% phosphate buffer and acetonitrile, detection wavelength; 210
and 325 nm. The linearities of calibration curves were acceptable (R2>0.9994), and the limit of detection and quantification
were within the ranges of 0.011-0.091 and 0.034-0.277 pg/ml respectively. The relative standard deviation (RSD) of intra- and
inter-day precisions were under 3.61%. The RSD of repeatability was under 0.68 %. The results of recovery test were 94.4-
107.9%, and the RSD were under 4.6%. The developed method was used to find the contents of standard constituents in BHG-
JGS mix extract powder, and two commercial formulation (A and B). The data show that the developed method was specific,
sensitive, accurate, and precise for analysis of BHGJGS components.
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Table II. UPLC Solvent System for analysis of BHGJGS

Solvent A (%)

Solvent B (%)

== T=
e Arr dAH 1’]'0}7(1, Az B4 240X A& Time (min)
2] gt web B r1Ae] FA Al 5 Aol 0
T Z3E N, = FEE u0F FaEo A= 0-11
chlorogenic acidE A% &S 2 473} tH(Table I, Fig 11-13
1).” 1326
26-27
UPLC &4 27-41
AHE-st AH 2 RP-Amide, &7 acetonitrile (A), 41-49
phosphate buffer (B)E A3l o, &l 248 A|7HE :Z-ij

2 uHE ©A] B4 (stepwise)S Al3YSIATHTable 1I). 3%

0 100
0 100
7 93
8 92
15 85
15 85
29 71
32 68
52 48

Table I. Composition of Bulhwangeumjeonggi-san(BHGJGS) and standard compounds of each herbal plants

Scientific name

Standard compound

Amount of Extract Powder in

BHGIGS (g)
Pinellia ternata guanosine (1) 2.7
Atractylodes lancea chlorogenic acid (2) 5.3
Citrus unshiu hesperidin (3) 2.7
Agastache rugosa rosmarinic acid (4) 2.7
Zingiber officinale 6-gingerol (5) 4.9
Glycyrrhiza uralensis glycyrrhizin (6) 2.7
Magnolia officinalis honokiol (7), magnolol (8) 2.7
Ziziphus jujuba *None 5.0
HQ CO.H /HO%OH
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Fig. 1. Structure of eight standard compounds of BHGJGS.
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Fig. 2. UPLC chromatogram of standard mixture at 210 nm
(A), 325 nm (C), BHGIGS mix extract powder at 210 nm
(B), and 325 nm (D); guanosine (1), chlorogenic acid (2), hes-
peridin (3), rosmarinic acid (4), 6-gingerol (5), glycyrrhizin
(6), honokiol (7), magnolol (8).

Table III. Results of intra- and inter-day precision of BHGJGS
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£ H|2sIE o A= IR EE (Fig. 3), AlE w"ﬂb *‘—i_!
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ZRle] 7]EXQA 5% olshe RSl tH(Table 11D). gk dt
48 Hrlelion, diEsixhe 2ok 7iel =8kl
71EAQ 1% V)9S TSI TH(Table V). PIX BT 2 3]
TES T BIEE ST A, FES 2A Tl

Concentration Intra-day Inter-day
Marker

(ug/mL) Mean+SD (pg/mL) *RSD (%) Mean+SD (ug/mL) *RSD (%)

10.00 9.21+0.15 1.64 10.06+0.36 3.61

1 5.00 4.73+0.14 2.99 4.97+0.14 2.77

2.50 2.48+0.08 3.09 2.72+0.09 3.13

10.00 9.97+0.31 3.07 9.96+0.22 2.18

2 5.00 4.96+0.05 0.98 4.95+0.07 1.45

2.50 2.47+0.04 1.50 2.66+0.07 2.71

50.00 48.91+0.16 0.32 49.79+1.16 2.33

3 25.00 24.92+0.40 1.60 24.81+0.52 2.10

12.50 12.39+0.22 1.74 12.68+0.29 2.29

10.00 9.81£0.02 0.18 9.95+0.18 1.80

4 5.00 4.95+0.07 1.32 4.96+0.08 1.52

2.50 2.48+0.05 2.13 2.49+0.07 2.89

10.00 9.80+0.03 0.27 9.97+0.23 232

5 5.00 4.95+0.05 1.08 4.97+0.10 1.97

2.50 2.4340.03 1.04 2.62+0.05 1.82

100.00 98.0+0.44 0.44 97.46+0.29 0.30

6 50.00 50.43+0.20 0.40 49.51+1.02 2.07

25.00 25.57+0.30 1.19 26.18+0.67 2.58

5.00 4.89+0.11 2.29 5.01+0.08 1.56

7 2.50 2.43+0.02 0.82 2.46+0.06 2.39

1.25 1.20+0.02 1.26 1.30+0.01 1.03

5.00 4.94+0.01 0.29 4.99+0.09 1.81

8 2.50 2.48+0.01 0.48 2.48+0.05 2.11

1.25 1.19+0.01 0.82 1.28+0.09 3.37

*RSD: relative standard deviation.
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Fig. 3. UV spectra for marker compounds of BHGIJGS. Stan-
dard mixture (1)-(8), BHGIGS mix extract powder (1')~(8");
guanosine (1, 1'), chlorogenic acid (2, 2'), hesperidin (3, 3"),
rosmarinic acid (4, 4'), 6-gingerol (5, 5"), glycyrrhizin (6, 6"),
honokiol (7, 7'), magnolol (8, 8").
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Table IV. Repeatability data for marker compounds of
BHGIGS

Marker MeantSD (pg/mL) *RSD (%)
1 11.99+0.06 0.53
2 12.09+0.04 0.30
3 60.83+0.19 0.31
4 12.11+0.04 0.29
5 11.99+0.03 0.28
6 124.39+0.84 0.68
7 6.08+0.02 0.39
8 6.20+0.02 0.38

*RSD: relative standard deviation.

Table V. Recovery data for marker compounds of BHGIGS
Spiked

Measured

Marker  amount amount *Re((:)overy **§SD

(pug/mL) (Mean+SD) (%) (%)

1 10.0 10.45+0.31 104.5 3.0
5.0 5.17£0.17 103.4 3.4

2.5 2.53+0.07 101.4 2.7

2 10.0 9.74+0.07 97.0 0.7
5.0 4.87+0.22 97.4 4.5

2.5 2.5240.12 101.0 4.6

3 20.0 20+0.59 99.9 2.9
10.0 10.7+0.04 107.4 0.4

5.0 5.4+0.16 107.9 3.0

4 10.0 9.49+0.38 94.9 4.0
5.0 4.98+0.06 99.6 1.2

25 2.61+0.03 104.4 1.3

5 10.0 9.44+0.22 94.4 23
5.0 4.99+0.13 99.8 2.6

2.5 2.45+0.02 98.1 0.8

6 40.0 38.940.40 97.2 1.0
20.0 21.24+0.33 106.1 1.5

10.0 9.9+0.40 99.1 4.1

7 5.0 4.936+0.019 98.7 0.4
25 2.612+0.048 104.5 1.8

1.25 1.272+0.043 101.7 3.4

8 5.0 4.900+0.036 98.0 0.7
2.5 2.692+0.078 107.7 2.9

1.25 1.244+0.028 99.5 22

*Recovery(%) = [(amount found-original amount)/amount spiked]
x 100
**RSD: relative standard deviation.
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Fig. 4. Calibration curves and regression equation for marker
compounds of BHGIGS.
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Table VI. Data of linearity regression, LOD and LOQ for marker compounds of BHGJGS

Marker *Regression equation R LOD (ng/mL) LOQ (ng/mL)
1 Y = 8.4957x-2.6528 0.9994 0.069 0.208
2 Y = 24.865x+0.4431 0.9999 0.018 0.550
3 Y = 14.264x+5.9028 0.9999 0.030 0.921
4 Y = 13.919x+0.0069 0.9999 0.014 0.432
5 Y = 14.289x+0.9431 0.9999 0.019 0.056
6 Y = 0.8689x-1.7167 0.9996 0.091 0.277
7 Y = 37.668x-0.0847 0.9999 0.021 0.065
8 Y = 46.202x+2.8931 0.9999 0.011 0.034

*Y:

eak area, x: standard concentration.
**R”: correlation coefficient.

Table VII. Content for marker compounds of BHGIGS

Marker Company A (mg/g) Company B (mg/g) BHGIJGS mix extract powder (mg/g)
1 *ND ND 10.517+0.033
2 0.883+0.004 ND 7.521+0.033
3 25.341+0.125 32.557+0.059 38.622+0.050
4 6.329+0.007 ND 14.4114+0.132
5 0.370+0.003 ND 25.685+0.401
6 50.313+1.202 19.066+0.081 72.237+0.244
7 0.375+0.006 ND 13.094+0.028
8 0.588+0.005 ND 16.009+0.010

*ND: not detected.

Values were express as the mean+SD.
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Fig. 5. UPLC chromatograms of commercial products; chlorogenic acid (2), hesperidin (3), rosmarinic acid (4), 6-gingerol (5), gly-

cyrrhizin (6), honokiol (7), magnolol (8).
*A: Company A, **B: Company B.
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