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ABSTRACT: A reversed-phase high-performance liquid chromatographic assay for the simultaneous quantitative determination of
seven ginsenosides, Rb1, Rb2, Rc, Rd, Rg1, Re and Rf in pharmaceutical preparations is described. Chromatographic separation was
achieved in less than 20 min using a 250 � 4 mm Lichrospher, 5 �m, 100 Å diol column with detection at 203 nm. The method was
validated over the range of 2.5–20 ng/�L using a 20 �L sample volume. The average accuracy at five concentrations was 90–100%,
and the within-day and between-day precision ranged from 1 to 7% expressed as coefficient of variation. The detection limit and the
quantitation limit of the method were 20 and 50 ng injected for each ginsenoside, respectively. Copyright � 2002 John Wiley & Sons,
Ltd.
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In recent years, ginseng has been increasingly used as a
health tonic, in the form of a variety of commercial health
products including ginseng capsules, soups, drinks and
cosmetics, which are distributed in Asian as well as many
other countries around the world. It is estimated that the
current world sales of various ginseng raw materials have
reached about one billion US$ per annum.

The genus Panax contains medicinal species that are
highly treasured in the Orient. The dried roots of P.
ginseng C. A. Meyer (oriental ginseng) and P. quinque-
folius L. (American ginseng) have been applied as tonic,
prophylactic and anti-agents. Panax ginseng, which
belongs to the Araliaceae family, is a famous traditional
Chinese medicinal plant. The active constituents are
dammarane saponins, commonly referred to as ginseno-
sides (Shibata et al., 1985; Tanaka et al., 1994). The most
abundant ginsenosides present are Rb1, Rb2, Rc and Rd,
which possess 20(S)-protopanaxadiol as an aglycon, and
ginsenosides Rg1, Rf and Re, which possess 20(S)-
protopanaxatriol as an aglycon (Fig. 1).

Several pharmacological properties have been reported
for ginsenosides, including regulation of metabolism and
immunological functions of the human body and have

protective effects against many toxicant-induced hepato-
toxicities in humans and experimental animals.

Quantitative high-performance liquid chromato-
graphic (HPLC) analyses of ginsenosides have been
reported by several authors; however, some were only
suitable for high doses (Pietta et al., 1986; Kanazawa et
al., 1991; Chuang and Sheu, 1994) or were with low
specificities in addition to being time-consuming (Furuya
et al., 1983; Nandhasri and Kanchanapakornchai, 1993;
Inomata et al., 1993). Others, which were available for
low concentrations, were complicated and involved
column switching or the use of non-standard equipment
(Samukawa et al., 1995; Park et al., 1996).

This paper describes the development of a reproduci-
ble and sensitive HPLC assay with UV detection for the
most important ginsenosides of Panax. The use of a diol
column permits an isocratic system with good resolution
of peaks in a short time.
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The HPLC system consisted of a Pharmacia LKB-HPLC 2248
pump (Pharmacia-LKB, Uppsala, Sweden), an LC 2252 Controller
(Pharmacia-LKB), a Marathon-XT automatic sample injector
(Spark Holland, Emmen; Holland), a 2141 Variable Wavelength
Monitor (Pharmacia-LKB) and a Biodacs integrator (Pharmacia-
LKB). The injection volume was 20�L. The chromatographic
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analysis was performed at room temperature using a Lichrospher
100 Å, 5 �m, 250 � 4 mm diol column (Agilent Technologies, Las
Rozas, Spain). The mobile phase, consisting of 18% water (pH 2.5
with orthophosphoric acid) and 82% acetonitrile, was eluted
isocratically at a constant flow rate of 0.80 mL/min. The run-time
of the assay was 20 min. The detector was set at 203 nm, 1.00 au/V.

 	��
���

Ginsenosides Rb1, Rb2, Rc, Rd, Rg1, Re and Rf were obtained
from Carl Roth GmbH (Karlsruhe, Germany). Acetonitrile (HPLC
grade) and other chemicals used (analytical grade) were obtained
from commercial sources without further purification.

Redseng capsules were preparations from Korhispana S.A.,
L’Hospitalet de Llobregat, Spain, containing ginseng extract. Bio-
Star tonic was a preparation from Novag Laboratories, Barcelona,
Spain, containing ginseng extract, sugar and ethanol.
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Separate stock solutions of the seven ginsenosides were prepared
by dissolving the appropriate amount of drug, accurately weighed,
in mobile phase to yield a final drug concentration of 20.0 ng/�L.
For the preparation of calibration curves this solution was used.
The standard curves consisted of five standard points with three
replicate samples. The standard curves cover the entire range of
expected concentrations.
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 ������0 Samples (300.0 mg) from a capsule of Redseng were
accurately weighed and dissolved in 15.0 mL of methanol:water
(70:30 v/v), extracted for 20 min in an ultrasonic bath and
centrifuged for 10 min at 1500g. The supernatant was evaporated
to dryness and the residue was redissolved in 2.00 mL of water and
applied to a Sep-Pak C18 cartridge pre-washed successively with
methanol (2 mL) and water (5 mL). After washing the cartridge
with water (10 mL) and methanol:water (30:70 v/v, 15 mL), the
ginsenosides were eluted with 5.0 mL of methanol (modified
method from Pietta et al., 1986). The solvent was evaporated to
dryness and the residue was dissolved in 3.00 mL of mobile phase
and applied to HPLC.

1��
�0 A 1.00 mL volume of fluid (Bio-Star solution from vials)
equivalent to 300 mg of root powder, was diluted to 2.00 mL in
water and directly applied to a Sep-Pak C18 cartridge. Then the
sample was treated as described for capsules.
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The recoveries for each ginsenoside were determined by compar-
ing the peak area of extracted standards with those of unextracted
standard solutions.
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Quantitation of the seven ginsenosides was based on peak/area
ratio referenced to the five-point standard curve, which was

Figure 1. Chemical structures of the ginsenosides referred to in the text.
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assayed once a day. The acceptance criteria (Shah et al., 1991) for
analytical runs were: (1) a correlation coefficient of r � 0.99 for the
standard curve; (2) less than 10% CV for precision and not more
than 10% deviation from the nominal value for accuracy [although
at the lower concentrations (2.0 ng/�L) 15% was accepted for both
precision and accuracy]; and (3) at least four out of six
independently prepared quality controls [two each at low (2.5 ng/
�L), medium (10.0 ng/�L) and high (20.0 ng/�L) concentrations]
must be within 15% of their respective nominal values.
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A 3 day validation of the analytical method was carried out over
the concentration range 2.5–20.0 ng/mL. The validation run
included a set of duplicate calibration standards, and three
independently prepared quality control samples at three concen-
trations.

The intra- and inter-day precision of the method was calculated
as the coefficients of variation. The precision of the assay was
calculated by analysing five known samples six times in one day to
determine the intra-day variability and on three different days to
determine the inter-day variation. Accuracy was calculated as the
percentage of the nominal concentrations.
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Figure 2 shows a typical chromatogram of ginsenoside
reference compounds and a chromatogram of a sample
obtained from ginseng fluid using the present method.
Peaks were symmetrical and well resolved; retention
times in minutes were Rf (6.3), Rg1 (6.8), Rd (8.4), Re
(9.1), Rc (11.9), Rb2 (13.2) and Rb1 (16.8).
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Average recoveries over the concentration range of the
standard curve ranged from 85 to 100% for the majority
of ginsenosides. Only ginsenosides Rd and Rb2 had
relatively poor recoveries (ranging from 70 to 74%).
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The limit of quantitation was 50 ng injected [signal-to-
noise ratio = 10 and reproducibility with a coefficient of
variation (intra-day) less than 10%] for each of the seven
ginsenosides. Observed detection limits (signal-to-noise
ratio = 3) of ginsenosides as injected (ng) were: Rf (13),
Rg1 (20), Re (20), Rd (25), Rc (40), Rb2 (13) and Rb1

(13).
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The results from the validation of the method are listed in
Table 1. The intra- and inter-day assay variability of the
ginsenoside determination was determined from six

Figure 2. (a) Separation of a standard mixture (10 ng/�L each).
(b) Chromatogram from fluid containing ginseng extract.
Operating conditions: Lichrospher 100 Å, 5 �m, 250 � 4 mm
diol column, isocratic elution with water (pH 2.5 with ortho-
phosphoric acid)/acetonitrile 18:82 v/v at a constant flow rate of
0.80 mL/min. UV detection at 203 nm, 1.00 au/V. Peaks: 1, Rf;
2, Rg1; 3, Rd; 4, Re; 5, Rc; 6, Rb2; and 7, Rb1.
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standard samples. The range of calibration curves for
each ginsenoside was 2.5–20 ng/�L.

In conclusion, a validated assay for the simultaneous
quantitative determination of seven ginsenosides in
pharmaceutical preparations is described. The method
offers sensitivity, rapidity and selectivity to quantify all
major ginseng saponins in the pharmaceutical prepara-
tions and covers the lowest concentration ranges obtained
until now by using UV detection.
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