
S

S
‘

R
a

b

c

a

A
R
R
A
A

K
H
(
D
A
T
‘
Q

1

m
t
j
o
fl
a
T
e
t

u
C
i
t
e
o

U

0
d

Journal of Pharmaceutical and Biomedical Analysis 55 (2011) 552–556

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journa l homepage: www.e lsev ier .com/ locate / jpba

hort communication

imultaneous determination of eight active components in Chinese medicine
JiangYaBiFeng’ tablet by HPLC coupled with diode array detection

an Yanga, Hua-jin Zengb, Qing-wen Wanga, Cheng Guoa, Jian-jun Lia,∗, Ling-Bo Qua,c,∗∗

Department of Chemistry, Zhengzhou University, Zhengzhou 450001, PR China
School of Pharmaceutical Sciences, Zhengzhou University, Zhengzhou 450001, PR China
School of Chemistry & Chemical Engineering, Henan University of Technology, Zhengzhou 450001, PR China

r t i c l e i n f o

rticle history:
eceived 25 October 2010
eceived in revised form 8 January 2011
ccepted 14 January 2011
vailable online 22 January 2011

eywords:

a b s t r a c t

An effective, accurate and reliable method was developed for the simultaneous separation and determina-
tion of eight active components (baicalin, baicalein, sophoricoside, rutin, quercetin, genistein, pargyline
and hydrochlorothiazide) in Chinese medicine ‘JiangYaBiFeng’ tablet (JYBF tablet) by high-performance
liquid chromatography (HPLC) coupled with diode array detection (DAD). Due to the different UV char-
acteristic of these components, different wavelengths were selected for analysis of different analytes,
such as 210 nm for pargyline, 256 nm for sophoricoside, rutin, quercetin and genistein, and 280 nm for
igh-performance liquid chromatography
HPLC)
iode array detection (DAD)
ctive components
raditional Chinese medicine (TCM)

JiangYaBiFeng’ tablet (JYBF tablet)

baicalin, baicalein and hydrochlorothiazide. Excellent linear behaviors over the investigated concentra-
tion ranges were observed with the values of R2 higher than 0.9990 for all analytes. The recovery rates and
relative standard deviation (RSD) for all analytes at three different concentrations were 94.9–104.7% and
1.23–3.00%, respectively. The validated method was successfully applied to the simultaneously determi-
nation of these active components in ‘JiangYaBiFeng’ tablet from different production batches, indicating
that the proposed method in this paper was particularly suitable for the routine analysis of JYBF tablet
uality control and its quality control.

. Introduction

‘JiangYaBiFeng’ tablet (JYBF tablet), composed of two western
edicines (pargyline and hydrochlorothiazide) and three tradi-

ional Chinese medicines (TCMs) (Scutellaria baicalensis, Sophora
aponica, and Arachis hypogaea), is a new drug for the treatment
f hypertension. The pharmacological studies have revealed that
avones were the major active components of these above TCMs
nd played important roles in the treatment of hypertension [1–6].
herefore, it could be expected that flavones and the two west-
rn medicines were the active components and responsible for the
herapeutic effects of JYBF tablet [7–10].

In Chinese medicines, some active components frequently were
sually regarded as index component for quality control in their
hinese prescriptions. However, up to now, only hydrochloroth-
azide was chosen as index component for quality control of JYBF
ablet [11]. Therefore, in order to further effectively utilize it and
nhance the clinical safety, an accurate and reliable method based
n the multiple constituents is urgently needed to develop for qual-
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ity control of JYBF tablet. However, to our knowledge, the method
for the simultaneous separation and determination of multiple
active components in JYBF tablet by HPLC has not been found.

In this study, a simple, accurate and reliable analytical method
for the simultaneous determination of eight active components
(including baicalin, baicalein, sophoricoside, rutin, quercetin,
genistein, pargyline and hydrochlorothiazide) in JYBF tablet was
developed by HPLC method coupled with diode array detection
(DAD). From these results, the proposed method in this paper is
particularly suitable for the routine analysis of JYBF tablet and its
quality control.

2. Experimental

2.1. Chemicals and reagents

JYBF tablet was supplied by Chinese pharmaceutical manufac-
turer (Zhongxin, Tianjin, China). Baicalin, baicalein, sophoricoside,
rutin, quercetin and genistein were purchased from National Insti-
tute for the Control of Pharmaceutical and Biological Products

(Beijing, China). Pargyline and hydrochlorothiazide were pur-
chased from Guangdong Guanghua Chemical Factory (Guangzhou,
China). Acetonitrile and methanol were of HPLC grade, and pur-
chased from Shield Fine Chemicals Company (Tianjin, China).
Ammonium dihydrogen phosphate and phosphoric acid were ana-

dx.doi.org/10.1016/j.jpba.2011.01.021
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
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ig. 1. Representative chromatograms of standard solutions (a, 210 nm; b, 256 nm; c
– quercetin, 7 – genistein, 8 – baicalein.

ytical reagents and both were purchased from Damao Chemical
eagent Factory (Tianjin, China). Other reagents were all of ana-
ytical grade. Deionized water used throughout the experiments

as generated by a Milli-Q academic water purification system
Shanghai, China).

.2. Instrumentation and analytical conditions

The HPLC system Dionex P680 series (Dionex, USA), equipped
ith the Chromeleon software (Dionex) and comprised a binary
ump, an online vacuum degasser, a manual sampler, a ther-

ostated column compartment and a diode array detection (DAD),
as used for the chromatographic analysis. All separations were

arried out on a DIONEX Acclaim C18 column (250 mm × 4.6 mm,
.0 �m). A linear gradient elution of eluents A (50 mM ammonium
hosphate buffer, pH 3.0) and B (acetonitrile) was used to run the
nm). 1 – Pargyline, 2 – hydrochlorothiazide, 3 – sophoricoside, 4 – rutin, 5 – baicalin,

separation. The elution programme was well optimized and con-
ducted as follows: an isocratic elution of 15–22% B with the first
12 min, a linear gradient of 22–33% B with the range of 12–22 min,
33–43% B with the range of 22–32 min and then an isocratic elution
of 43% B for the next 10 min. After holding the solvent composition
of 43% B for a further minute the column was returned to its start-
ing condition. The solvent flow rate was 1.0 mL min−1, the injection
volume was 20 �L, and the column temperature was maintained at
25 оC.

2.3. Standard preparation
The standard stock solutions of baicalin (0.50 mg mL−1),
baicalein (0.45 mg mL−1), sophoricoside (0.44 mg mL−1),
rutin (0.50 mg mL−1), quercetin (0.50 mg mL−1), genistein
(0.50 mg mL−1), pargyline (0.50 mg mL−1) and hydrochloroth-
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– quercetin, 7 – genistein, 8 – baicalein.

azide (0.50 mg mL−1) were prepared in methanol and stored away
rom light at 4 оC. Working solutions were prepared by appropriate
ilution of the stock solution.
.4. Sample preparation

Grind 10 pills of JYBF tablet into powder by use of a pestle and
ortar and 0.15 g of powder was weighed accurately and added

nto a calibrated flask with 100 mL methanol. The mixture then was

able 1
alibration curves, LOD and LLOQ of eight active components.

Analytes Calibration curves R2

Sophoricoside y = 0.8767x − 0.2308 0.9992
Rutin y = 1.1669x − 0.1947 0.9995
Baicalin y = 0.7945x + 0.2019 0.9992
Quercetin y = 1.1528x − 0.0404 0.9994
Genistein y = 2.4040x − 0.3048 0.9991
Baicalein y = 1.5459x − 0.2138 0.9990
Pargyline y = 1.0197x + 5.4056 0.9995
Hydrochlorothiazide y = 0.5114x − 0.1227 0.9996
). 1 – Pargyline, 2 – hydrochlorothiazide, 3 – sophoricoside, 4 – rutin, 5 – baicalin,

suspended in an ultrasonic bath for 30 min and filtered through a
0.22 �m membrane and analyzed by HPLC.

3. Results and discussion
3.1. Chromatographic separation

Considering the total resolution of the chromatographic sep-
aration, the running time and solvent/reagent consumption, the

Linear range (�g mL−1) LOD (�g mL−1) LLOQ ( �g mL−1)

0.20–62.50 0.04 0.13
0.10–62.50 0.01 0.04
0.20–100.00 0.05 0.15
0.13–62.50 0.03 0.10
0.20–50.00 0.05 0.13
0.20–100.00 0.02 0.07
0.20–50.00 0.05 0.16
0.20–62.50 0.04 0.14
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Table 2
Precision, repeatability and stability of the method (n = 6).

Analytes Concentration (�g mL−1) Precision Repeatability RSD (%) Stability RSD (%)

Intra-day RSD (%) Inter-day RSD (%)

Sophoricoside 22.00 0.46 1.08 1.23 2.56
Rutin 25.00 1.05 2.25 2.47 2.77
Baicalin 25.00 0.17 1.21 0.98 2.08
Quercetin 25.00 0.24 1.88 1.82 1.83

1.16 1.18 2.01
2.17 2.29 2.52
2.09 2.38 2.41
1.74 2.06 1.96
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Table 3
Recovery of the method (n = 3).

Analytes Added
(�g mL−1)

Found
(�g mL−1)

Recovery rate
(%)

RSD (%)

Sophoricoside 4.54 4.64 102.3 2.96
5.67 5.42 95.6 2.08
6.80 6.73 98.9 1.34

Rutin 10.54 10.72 101.7 1.28
13.17 13.72 104.2 2.14
15.80 15.58 98.6 1.23

Baicalin 31.49 29.88 94.9 1.67
39.36 39.01 99.1 2.96
47.23 49.45 104.7 2.56

Quercetin 0.18 0.17 95.3 1.89
0.23 0.23 100.3 2.04
0.28 0.29 103.4 2.33

Genistein 0.39 0.39 99.8 1.28
0.50 0.49 98.7 3.00
0.60 0.63 104.2 1.45

Baicalein 39.62 37.64 95.0 2.78
49.52 50.86 102.7 1.98
59.42 57.34 96.5 1.39

Pargyline 7.61 7.40 97.3 1.02
9.51 9.88 103.9 2.47

11.41 11.20 98.2 2.38
Hydrochlorothiazide 11.50 11.59 100.8 2.19

14.37 14.24 99.1 1.66
17.25 16.70 96.8 2.33

T
D

Genistein 25.00 0.22
Baicalein 28.00 0.58
Pargyline 25.00 0.81
Hydrochlorothiazide 25.00 0.49

obile phase composed of acetonitrile-ammonium phosphate
uffer (pH 3.0) was chosen for the separation. Because of the
ifferent UV characteristic of analytes investigated, different wave-

engths were selected for analysis of different analytes, such as
10 nm for pargyline, 256 nm for sophoricoside, rutin, quercetin,
enistein, and 280 nm for baicalin, baicalein, hydrochlorothiazide.
he typical chromatographic profiles of the standard solution and
he real sample solution were shown in Figs. 1 and 2, respectively.
t was indicated that a good separation was obtained under the
escribed condition and no interfering peaks were found at the
etention time of analytes.

.2. Calibration curve and limit of detection

Calibration curves were constructed by plotting the peak area
gainst the corresponding concentration of the standard solutions.
he injection concentration, which could be detected at the signal-
o-noise ratio of 3 (S/N = 3), was considered to be the limit of
etection (LOD). The lower limit of quantification (LLOQ) was the

njection concentration corresponding to the peak heights with
ignal-to-noise ratio of 10 (S/N = 10). The detailed descriptions of
he regression curves were presented in Table 1.

.3. Precision, repeatability, stability and accuracy

The intra- and inter-day assay precisions were repeti-
ively carried out on the samples (baicalin, 25.00 �g mL−1;
aicalein, 28.00 �g mL−1; sophoricoside, 22.00 �g mL−1;
utin, 25.00 �g mL−1; quercetin, 25.00 �g mL−1; genistein,
5.00 �g mL−1; pargyline, 25.00 �g mL−1; hydrochlorothiazide,
5.00 �g mL−1) six times a day and once a day for six sequential
ays, respectively. The injection repeatability was determined by
he injection of continuous six times using the same sample, while

he analysis repeatability was examined by the injection of six
ifferent samples, which were prepared with the same sample
reparation procedure. The precision and repeatability of the
olution at medium concentration were shown in Table 2. For the
tability testing, the same real sample was analyzed within 24 h

able 4
etermination of the eight active components in ‘JiangYaBiFeng’ tablets by the HPLC met

Analytes Content (mg g−1) (Batch no. 0606916)

1a 2a 3a

Pargyline 6.34 ± 0.08 6.31 ± 0.11 6.44
Hydrochlorothiazide 9.58 ± 0.07 9.67 ± 0.06 9.72
Sophoricoside 3.78 ± 0.05 3.56 ± 0.06 3.62
Rutin 8.78 ± 0.11 9.02 ± 0.12 8.55
Baicalin 26.24 ± 0.13 25.94 ± 0.11 25.66
Quercetin 0.15 ± 0.02 0.12 ± 0.03 0.11
Genistein 0.33 ± 0.03 0.37 ± 0.05 0.31
Baicalein 33.01 ± 0.17 34.26 ± 0.15 33.47

a Indicate the different samples from the Batch no. 0606916.
b Indicate the different samples from the Batch no. 0908560.
at the room temperature. The stabilities of the solution shown in
RSD of retention time and peak area were all within ±3% and no
significant difference was observed, indicating that the solution
was stable (shown in Table 2).

Accuracy was defined as the rate of the calculated value by the
standard curve to that of its true value, expressed as recovery rate
(%). The recovery rate and RSD for analytes at different concentra-
tions were shown in Table 3.
hod.

Content (mg g−1) (Batch no. 0908560)

1b 2b 3b

± 0.12 6.37 ± 0.08 6.51 ± 0.13 6.45 ± 0.09
± 0.11 9.55 ± 0.08 9.60 ± 0.06 9.46 ± 0.09
± 0.04 3.90 ± 0.03 4.11 ± 0.05 4.03 ± 0.04
± 0.11 8.25 ± 0.10 8.33 ± 0.13 8.18 ± 0.11
± 0.15 22.39 ± 0.12 22.58 ± 0.12 22.72 ± 0.12
± 0.04 0.17 ± 0.04 0.16 ± 0.02 0.19 ± 0.05
± 0.04 0.42 ± 0.03 0.45 ± 0.07 0.39 ± 0.06
± 0.14 36.39 ± 0.14 36.54 ± 0.15 36.78 ± 0.16
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.4. Application

In order to examine the application for practical analysis, the
roposed method was applied to the simultaneous determination
f eight active components in JYBF tablet with different production
atches. The results were summarized in Table 4, indicating that
he concentrations of analytes existed a little difference between
ifferent production batches. Therefore, it is very significant to
evelop an effective, accurate and reliable method for analysis
f JYBF tablet. The proposed method in this paper is particularly
uitable for the routine analysis of JYBF tablet and its quality
ontrol.

. Conclusion

In this study, an accurate and reliable analytical method
or the simultaneous determination of eight active components
baicalin, baicalein, sophoricoside, rutin, quercetin, genistein,

argyline and hydrochlorothiazide) in JYBF tablet was devel-
ped by RP-HPLC method coupled with UV detection. The
roposed method is promising to be the routine analysis for

YBF tablet and its quality control with simplicity, accuracy and
eliability.

[

[

iomedical Analysis 55 (2011) 552–556

References

[1] B. Xue, J.X. Li, Q. Chai, Z.X. Liu, L.B. Chen, Effect of total flavonoid fraction of Astra-
galus complanatus R. Brown on angiotensin II-induced portal-vein contraction
in hypertensive rats, Phytomedicine 15 (2008) 759–762.

[2] J. Moline, I.F. Bukharovich, M.S. Wolff, R. Phillips, Dietary flavonoids and hyper-
tension: is there a link? Med. Hypotheses 55 (2000) 306–309.

[3] D.D. Schramm, J.B. German, Potential effects of flavonoids on the etiology of
vascular disease, J. Nutr. Biochem. 9 (1998) 560–566.

[4] X.F. Shang, X.R. He, X.Y. He, M.X. Li, R.X. Zhang, P.C. Fan, The genus Scutellaria
an ethnopharmacological and phytochemical review, J. Ethnopharmacol. 128
(2010) 279–313.

[5] G.C. Kite, C.A. Stoneham, N.C. Veitch, Flavonol tetraglycosides and other con-
stituents from leaves of Styphnolobium japonicum (Leguminosae) and related
taxa, Phytochemistry 68 (2007) 1407–1416.

[6] Y.H. Lo, R.D. Lin, Y.P. Lin, Y.L. Liu, M.H. Lee, Active constituents from
Sophora japonica exhibiting cellular tyrosinase inhibition in human epidermal
melanocytes, J. Ethnopharmacol. 124 (2009) 625–629.

[7] D.E. Clarke, R.J. Ertel, H.R. Adams, J.P. Buckley, Acute and chronic effects of
hydrochlorothiazide on vascular adrenergic mechanisms, Eur. J. Pharmacol. 19
(1972) 380–384.

[8] C.M. Stein, P. Neill, T. Kusemamuriwo, Antihypertensive effects of low doses
of hydrochlorothiazide in hypertensive black Zimbabweans, Int. J. Cardiol. 37
[9] E. Montuschi, D.K. Robinson, Pargyline hydrochloride in hypertension, Lancet
282 (1963) 1280–1281.

10] A.N. Brest, G. Onesti, C. Heider, R.H. Seller, J.H. Moyer, Comparative effectiveness
of pargyline as an antihypertensive agent, Am. Heart. J. 68 (1964) 621–626.

11] http://www.newdruginfo.com/ypbz/zybb/bbzj0121.htm.

http://www.newdruginfo.com/ypbz/zybb/bbzj0121.htm

	Simultaneous determination of eight active components in Chinese medicine ‘JiangYaBiFeng’ tablet by HPLC coupled with diod...
	Introduction
	Experimental
	Chemicals and reagents
	Instrumentation and analytical conditions
	Standard preparation
	Sample preparation

	Results and discussion
	Chromatographic separation
	Calibration curve and limit of detection
	Precision, repeatability, stability and accuracy
	Application

	Conclusion
	References


