Available online at www.sciencedirect.com

JOURNAL OF
SCIENCE@DIRECT° PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

S TRSLERR.
LSEVIER Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 45-51

www.elsevier.com/locate/jpba

Simultaneous quantification of six major active saponinBasfax
notoginsendy high-performance liquid chromatography-UV method

Lie Li, Jin-lan Zhang, Yu-xin Sheng, De-an Gy&®iao Wang, Hong-zhu Guo

School of Pharmaceutical Sciences and Modern Research Center for Traditional Chinese Medicine, Peking University, No. 38 Xueyuan Road,
Beijing 100083, PR China

Accepted 19 November 2004
Available online 2 February 2005

Abstract

A simple, sensitive and specific high-performance liquid chromatography-UV (HPLC-UV) method has been developed for the first time
to simultaneously quantify the six major active saponinBariax notoginsengamely notoginsenoside Ryinsenoside Rg Rby, Rg,, Rhy
and Rd. Astragaloside IV is used as the internal standard. This HPLC assay was performed on a reversed-gpblasenGvith gradient
elution of acetonitrile and 0.01% formic acid in 30 min. The method provided good reproducibility and sensitivity for the quantification
of six saponins with overall intra- and inter-day precision and accuracy of less than 4.0% and higher than 90%, respectively. This assay is
successfully applied to the determination of the six saponins in 23 notoginseng samples. The results indicated that the developed HPLC assay
can be readily utilized as a quality control methodRonotoginseng
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction rosis in clinics. The saponins isolated there from include
20(s)-protopanaxadiol type and 20(s)-protopanaxatrial type
Panax notoginser(@urk) F. H. (Araliaceae) (Sanchi) is  saponins. The 20(s)-protopanaxadiol type saponins (such as
one of the most commonly used Chinese herbal drugs. It Rb;, Rd) showed effective tranquilizing effects to central ner-
was highly prized in China for its therapeutic effects to vous system and the 20(s)-protopanaxatrial type saponins
treat cardiovascular diseases, inflammation, different body (such as Rg Rg, Rhy) possessed the properties of ex-
pains, trauma, internal and external bleeding due to injury, citing central nervous system, anti-fatigue and hermoly-
etc. Various chemical and pharmacological studies on Sanchisis [10]. Therefore, the quality control dP. notoginseng
had demonstrated that the major bioactive constituents pre-was focused mainly on the determination of these major
sented in this TCM herb were dammarane type saponinssaponins.
[1-6]. Recent studies showed that the pharmacological ef- In the past 20 years, many attempts had been made to as-
fects of these saponins included attenuation of cisplatin- say the active saponins it notoginsendpy various methods
induced nephrotoxicity7], protection of the injured brain  including capillary supercritical fluid chromatograpfiy],
[8], anti-inflammation due to the reduction of the level of the thin layer chromatographyl2—-14] gas chromatography
intracellular free calcium concentration in neutrophi. [15,16] high-performance liquid chromatograpfiy7—22]
Currently, the roots oP. notoginsengre used to treat coro- etc. However, most of these methods were insufficient
nary heart disease, cardiac angina, apoplexy and atheroscleto quantify the major active saponins, since the resolu-
tions were limited to less than five saponins with ex-
* Corresponding author. Tel.: +86 10 82801516; fax: +86 10 82802700. ternal standard method, which made the reproducibility
E-mail addressgda@bjmu.edu.cn (D.-a. Guo). and extraction yield become critical for the quantification.
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Fig. 1. The structures of notoginsenosidg Binsenoside Rg ginsenoside Rg ginsenoside Rh ginsenoside Rd and astragaloside IV.

Zhou et al. developed an internal standard method for 2. Experimental

simultaneous determination of notoginsenosidg Bin-

senoside Rg Re and Rb by using Asahipak NH P- 2.1. Chemicals and materials

50 column[23], in addition theophylline was used as the

internal standard but its UV absorbance was not in ac- Twenty-three Sanchi samples were obtained locally from
cordance with saponins of Sanchi since it is an alka- different provinces (se&able 4. HPLC grade acetonitrile

loid. was purchased from Merck Company (Merck, Darmstadt,
We described here the development of a direct and rapid Germany). Deionized water was purified by Milli-Q system
method for determining six saponins (showtrig. 1) in no- (Millipore, Bedford, MA, USA). Formic acid for analysis was

toginseng crude drugs within 30 min. Astragaloside IV was of analytic grade from Beijing Reagent Company (Beijing,
chosen as the internal standard, which was structurally closePR China).

to Sanchi saponins and almost has the same UV absorbance as Ginsenoside Rg Rb; and astragaloside IV were pur-
that of Sanchi saponins. The developed method was successshased from National Institute for the Control of Phar-
fully applied to the quantification of six major constituents maceutical and Biological Products (Beijing, PR China).
in 23 notoginseng samples. Notoginsenoside R ginsenoside Rg Rby, Rd, Rh were
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kindly presented by Professor Yingjie Chen, College 2.7. Accuracy
of Pharmacy, Shengyang Pharmaceutical University, PR

China. Known quantities of six analytes were added to 5ml of
80% aqueous methanol solution with 1 ml internal standard
2.2. Apparatus solution (2.5 mg/ml) and powder & notoginseng30 mg).

The resultant samples were extracted and analyzed as de-
An Angilent 1100 liquid chromatography system, scribedin Sectio@.8 The quantity of each analyte was sub-
equipped with a quaternary solvent delivery system, an au- Sequently obtained from the corresponding calibration curve.
tosampler and UV detector, was used. The column configura-
tion consisted of an Angilent Zorbax SBr§Yeserved-phase  2.8. Analysis of the six saponins in P. notoginseng
column (5um, 250 mmx 4.6 mm) and an Angilent Zorbax

SB-Cig guard column (vm, 20 mmx 4 mm). UV absorp- To the dried powders of Sanchi samples (40 mesh, 30 mg

tion was measured at 203 nm. or s0), 5.0 ml of 80% aqueous methanol solution with 1 mlin-
ternal standard solution (2.5 mg/ml) was added and extracted

2.3. Chromatographic conditions in an ultrasonic bath for 60 min. The resultant mixture was

filtered, then the aliquots of the mixture were filtered through

Gradient elution was employed using solvent A (acetoni- SY'inge filter (0.43.m) before HPLC analysis. The contents
trile) and solvent B (0.001% aqueous formic acid, v/v) at of the analytes were determined from the corresponding cal-

35°C; the gradient program used as follows: initial 0—8 min, IPration curves.

linear change from A-B (25:75, v/v) to A-B (26:74, vIV);

8-10min, linear change to A-B (33:67, v/v); 10-30 min, lin- ) )
ear change to A—B (45:55, v/v). The flow rate was kept at - Results and discussion

0.8 ml/min and the sample injection volume wasl5 .
3.1. Extraction method development

2.4. Calibration curves In order to obtain quantitative extraction, variables in-
volved in the procedure such as solvent and extraction time
were optimized. Pure and aqueous methanol solutions were
tried as the extraction solvent. The best solvent was found to
be 80% aqueous methanol that allowed complete extraction
of all the saponins in high yield. Ultrasonic extraction was
compared with refluxing. It was found that ultrasonic extrac-

Eighty percent of aqueous methanol stock solution con-
taining notoginsenosideiRginsenoside Rg Rby, Rd, Rg
and Rh was prepared and diluted to appropriate concentra-
tion ranges for the establishment of calibration curves. The
concentration of the internal standard, astragaloside 1V, was

500,g/ml for all analytes. Each calibration curve was per- _; . . : .
L : Lo tion was simpler and more effective for extraction of saponins
formed with six different concentrations in triplicate. The = . "~ : . .
. . with little impurity. Hence the ultrasonic bath extraction was
peak area ratio (analyte/internal standard) for each analyte . .
) o chosen as a preferred method. The influence of the extraction
was determined. Consequently, calibration curves were con-_; - : . :
structed time on the efficiency of extraction was also investigated,
' in which powdered samples were extracted with 80% aque-
ous methanol for 30, 60, 90 and 120 min, respectively. The
results suggested that the highest amount of saponins were
. . o obtained with the extraction time of 60 min. After extraction,
_The measurements of intra- and inter-day variability were e resigue was further extracted with 80% agueous methanol
utilized to determine the precision of the developed assay o, 4qgitional 60 min, and almost no saponins were detected

method. Two different concentration solutions (low and mid- ,, ip| ¢ Therefore, later samples were extracted for 60 min.
dle) of six standards with internal standard (p@JIml for

the two solutions) were prepared. The quantity of each ana-
lyte was obtained from corresponding calibration curve. The

relative standard deviation (R.S.D.) was taken as a measure  rq gelection of the HPLC conditions was guided by the
of precision; and the inter-day reproducibility was examined r¢q irement for obtaining chromatograms with better reso-

on four separate days. lution of adjacent peaks within a short time especially when
large amount of samples were analyzed. Since the saponinsin
2.6. Limits of detection Sanchi are non-chromophoric, mixture of water and acetoni-
trile was therefore the best choice for the separation. Different
The standard solutions were diluted with 80% aqueous ratios of water and acetonitrile were compared but no satisfied
methanol to provide appropriate concentrations. The limit of separation was reached. Hence phosphorate buffer, formic
detection for each analyte was determined when the ratio of a¢id or acetic acid was added to optimize the separation. It
the testing peak signal-to-noise was 4. was found that formic acid could improve the separation.

2.5. Precision

3.2. HPLC separation optimization
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Table 1
Calibration curves of six saponins i notoginseng

Analyte Retention time (min) Standard curve r2 Test range¢g/ml) Limit of detection (Lg/ml)
Notoginsenoside R 8.8 Y=0.007&-0.0119 0.999 15.6-156 0.23
Ginsenoside Rg 112 Y=0.008%—-0.0187 0.997 40.2-402 0.22
Ginsenoside Rp 205 Y=0.006%+0.0368 0.997 31.2-312 0.23
Ginsenoside Rg 229 Y=0.009%-0.0011 0.999 3.2-32 0.22
Ginsenoside Rh 239 Y=0.005%+0.0016 0.998 2.0-20 0.26
Ginsenoside Rd 28 Y=0.006%+0.0021 0.998 15.4-154 0.24

Y: peak area ratio (analyte/internal standaxdioncentration of analytqug/ml); limit of detection: SN=4.

Finally, gradient elution program was practiced so as to en- galoside V) for their suitability as the internal standards

sure that each run of analysis was completed within 30 min. were compared in our experiment. It was found that astra-
According to the Chinese Pharmacopoeia, 203 nm was suit-galoside IV was a suitable internal standard in the present
able for the detection of ginsenosides, therefore, itwas choserstudy. Since it was structurally close to ginsenosides and
as the detection wavelength. had a relatively strong UV absorption at 203 nm like Sanchi

saponins. Secondly it had the most appropriate retention
time when compared with other compounds examined and it
was well resolved from the Sanchi saponins with a baseline

Blank controls were generally unavailable for the study of Separation.
herbal materials, and calibrations were normally constructed
without using the internal standard method. Therefore, repro- 3.4. Linearity, precision and accuracy
ducibility and extraction yield become critical for the quan-
tification of the chemical constituents in herbs. Various meth- ~ Under the chromatographic conditions used in this study,
ods reported to determine the contents of saponins in Sanchall six calibration curves exhibited good linear regressions
were external standard method. Zhou ef{2B] used theo- as shown inTable 1 and the limits of detection (LOD) were
phylline as the internal standard to analyse the saponins inin the range of 0.22-0.26g/ml for ginsenoside Rg Rby,
P. notoginsengvhile the deficiency is that theophylline is Rd, Rg, Rhy and notoginsenoside;RThe results irrable 2
an alkaloid with different absorption properties. Therefore, demonstrated that the developed analytical method was re-
several compoundg3{sitosterol, oleanolic acid and astra- producible with good accuracy and sensitivity for all analytes

3.3. Choice of internal standard

Table 2
Intra- and inter-day variability for the assay of six saponinB.inotoginseng

Intra-day =5)

Concentration{g/ml) Inter-day (=3)

Found R.S.} (%) Accuracy (%) Found R.S.D. (%) Accuracy (%)
Notoginsenoside R
39.0 37.49+ 0.07 0.2 964 38.03+ 0.97 2.6 975
936 96.03+ 2.97 3.1 1056 97.56+ 1.21 1.2 10@
Ginsenoside Rg
1005 96.97+ 1.16 1.2 966 98.824+ 4.1 4.1 983
2412 247.38+ 4.95 2.0 1056 251.97+ 3.5 1.4 1046
Ginsenoside Rp
780 79.82+ 1.76 2.2 1038 75.36+ 3.0 4.0 966
1872 187.71+ 4.13 2.2 10 190.61+ 2.7 1.4 1018
Ginsenoside Rg
55 5,52+ 0.14 25 1004 5.62+ 0.24 4.3 102
135 13.13+ 0.41 3.1 973 12.63+ 0.44 35 9%
Ginsenoside Rh
5.0 5.01+ 0.19 3.7 10@ 5.26+ 0.08 15 1022
125 13.00+ 0.17 1.3 100 13.00+ 0.25 1.9 100
Ginsenoside Rd
385 37.75+ 0.72 19 981 37.15+ 1.46 3.9 964
924 94.37+ 1.98 2.1 1021 93.70+ 1.01 1.1 104

a8 R.S.D. (%) (relative standard deviation) = (S.D./meari)00.

b Accuracy (%) = [1— (nominal concentratios mean of measured concentration)/nominal concentratidr{.
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Fig. 2. Representative HPLC chromatograms of (A) standard solution at high concentratiénp(@yginsengWenshan,Yunnan, China, 60 heads); FC)
notoginsengHaerbing, Heilongjiang, China, 80 heads); [®)notoginsendChangsha, Hunan, China, 60 heads). |.S., internal standard; 1, notoginsenoside
R1; 2, ginsenoside Rg 3, ginsenoside Rb 4, ginsenoside Rg 5, ginsnoside R 6, ginsenoside Rd.
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Table 3
Recoveries of the six saponinsfhnotoginseng
Saponin spikedi{g/ml) Found (ug/ml) R.S.D2(%) Recover (%)
Notoginsenoside R
156 15.85+ 0.02 0.1 1016
1248 119.85+ 156 1.3 960
Ginsenoside Rg
40.2 39.00+ 0.63 1.6 960
3216 338.92+ 542 1.6 10
Ginsenoside Rb
312 30.544+1.01 3.3 978
2496 236.75+ 7.34 3.1 94
Ginsenoside Rg
5.4 5.10+£ 0.05 1.0 oM
20.2 20.854+ 050 2.4 1022
Ginsenoside Rh
5.0 459+ 0.08 1.7 918
150 13.85+ 0.14 1.0 923
Ginsenoside Rd
156 16.17+ 0.27 1.7 1036
1232 11575+ 1.16 1.0 930

aR.S.D. (%)=(S.D./mean} 100.

b Recovery (%) = [+ (spiked concentratior mean of measured concen-

tration)]/spiked concentratiorq 100.

which it is clear that the recoveries for all the six saponins
determined were in the range of 90-105%.

3.5. Results analysis

This newly developed HPLC-UV assay method was sub-
sequently applied to a simultaneous determination of the ma-
jor saponins in different notoginseng samples. Representative
chromatograms of the extracts of these notoginseng samples
were shown inFig. 2 Their contents were summarized in
Table 4 The results demonstrated a successful application of
this HPLC-UV assay for the quantification of the major ac-
tive saponins in different notoginseng samples. According to
traditional Chinese custom, Sanchiwas divided into different
quantity types by its weight and color, such as 30 heads, 60
heads, etc. As a common sense, it was considered that the
bigger the size, the better the quality. However, the results
showed that different head numbers of notoginseng species
contained different type and quantity of saponins. For the six
saponins examined, there was no absolute linkage between
the content of saponins and the head quantities of Sanchi. For
example the so-called high quality Sanchi (30 heads) had a
relatively low content of Rg Rb; and notoginsenoside;R
While the lower quality Sanchi (80 heads) contained a rel-

examined. The overall intra- and inter-day variations were atively high amount of notoginsenoside Bnd ginsenoside
less than 5.0% for all six analytes. The recovery assays of theRg,. Further studies on the relationships between the qual-
saponins were carried out by adding the standards to the crudaty of Sanchi and its head quantities are currently under the

drug powders, and the results were showiTable 3 from

Table 4

Contents of saponins in differeRt notoginsengamples

investigation in the group.

No. Quantity?

Collected place

Content ($ofn=2)

(heads) Notoginsenoside Ginsenoside Ginsenoside Ginsenoside Ginsenoside Ginsenoside
R1 Rgl Rb]_ Rgz Rhl Rd
1 60 Xian, Shaanxi 1.020.01 3.46:0.04 2.940.08 0.08+0.00 0.06+0.00 0.66+0.02
2 20 Suzhou, Jiangsu 1.830.05 3.51+0.09 2.56£0.13 0.11+0.00 0.04+0.00 0.2740.01
3 60 0.914+0.02 3.24+0.08 2.16:0.11 0.0740.00 0.03+0.00 0.45+0.02
4 20 Changsha, Hunan 1.250.02 3.33:0.05 2.46+0.11 0.13+0.01 nd 0.43+0.02
5 40 0.56+0.02 2.15:0.05 3.43:0.15 0.16+0.00 nd 0.64£0.03
6 60 1.84+0.09 4.00+0.07 3.11+0.17 0.15+0.00 0.04£0.00 0.66+0.03
7 80 1.10+£0.02 3.614+:0.04 2.80+0.08 0.08+0.00 0.03:0.00 0.43+:0.02
8 60 Shanghai 1.120.03 3.540.06 3.52£0.17 0.13£0.00 0.04£0.00 0.870.03
9 30 Nanjing, Jiangsu 0.750.02 4.87+0.20 3.28:0.11 0.214-0.00 0.09+0.03 0.6A40.04
10 40 1.19+0.05 3.85:0.21 2.10£0.09 0.15£0.01 0.06+ 0.00 0.45£0.02
11 60 1.570.03 5.00+0.10 2.98:0.15 0.31+0.01 0.13+0.00 0.86+:0.04
12 40 Haerbing, Heilongjiang 0.7#70.03 3.25+0.07 2.74£0.05 0.05£0.00 0.08+0.00 0.470.01
13 60 1.37#0.04 2.78:0.08 2.7%0.09 0.114-0.00 0.08+0.00 0.3%+:0.00
14 80 1.15+0.04 4.05+0.05 4.10£0.21 0.214+0.00 0.05+0.02 1.11+0.00
15 40 Xinjie Village, Wenshan 0.650.01 3.63:0.11 2.94+0.14 0.16+0.00 0.0A0.00 0.63+:0.02
16 60 Leshichong, Wenshan 240.12 3.08:0.04 2.46+0.14 0.13+0.00 nd 0.48: 0.02
17 60 Feibai hamlet, Wenshan 2440.04 3.98+:0.16 4.20£0.21 0.18:0.01 0.04+0.00 0.94+0.04
18 60 Santaihua hamlet, Wenshan ~ 1458.05 2.81+£0.12 3.30£0.09 0.0 0.00 0.05£0.00 0.72£0.04
19 60 Debai hamlet, Wenshan 143.06 3.95:0.13 4.5+ 0.05 0.15+0.00 0.05+£0.00 0.68+0.02
20 60 Laojunshan, Wenshan 0£2.03 3.240.16 3.22£0.04 0.14£0.00 0.04£0.01 0.71£0.02
21 60 Midi hamlet, Pingbian 1.360.07 3.82£0.11 3.36:0.08 0.13+0.00 0.05+:0.00 0.65+0.02
22 60 Xinjie village, Wenshan 1.780.09 2.81+£0.08 3.29£0.07 0.13£0.00 0.03£0.00 0.79£0.04
23 60 Xinjie village, Wenshan 1.550.03 2.54+0.13 2.34:0.11 0.12+0.00 0.03:0.00 0.42+0.02

2 Quantity (heads): the head numbers of Sanchi per 500 g.
b Content=mear: S.D. (1=2).

¢ nd: not detected.



L. Li et al. / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 45-51 51

4. Conclusion [5] P. Zhao, Y.Q. Liu, C.R. Yang, Phytochemistry 41 (1996) 1419—
1422.

This is the first report on the simultaneous determination [6] J- Zhou, M.Z. Wu, S. Taniyasu, U. Besso, O. Tanaka, Y. Saruwatari,

fsi . insim togi ith int | standard T. Fuwa, Chem. Pharm. Bull. 29 (1981) 2844-2850.
of siXx major saponins IR. notoginsenwitn internal stanaar [7] S.J. Liu, S.W. Zhou, Acta Pharmacol. Sin. 21 (2000) 257—

method, which was proved to be simple, rapid and accurate.  »g0.

This HPLC assay can be readily utilized as a suitable quality [8] J.A. Han, W.Y. Hu, Z.H. Sun, Chin. J. Integrated Tradit. West. Med.
control method for the determination of the major biologi- 19 (1999) 227-229.

cally active constituents in Sanchi, the most commonly used [®] X-H- Li. S.H. Li, Chin. Tradit. Herbal Drugs 30 (1999) 514-517.

g . . L. . 10] Q.F. Xu, X.L. Fang, D.F. Chen, J. Ethenopharmacol. 84 (2003
anti-inflammatory traditional Chinese medicine in China. [ ](1?87_192 g P (2003)

[11] Y.H. Li, X.L. Li, L. Hong, J.Y. Liu, M.Y. Zhang, Acta Pharm. Sin.
26 (1991) 764-766.
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