
Journal of Pharmaceutical and Biomedical Analysis
35 (2004) 207–212

Short communication

Simultaneous determination of ginsenoside Rb1 and Rg1 in human
plasma by liquid chromatography–mass spectrometry

Hye Young Jia, Hye Won Leea, Hae Kyoung Kima, Hui Hyun Kima,
Seung Goo Changa, Dong Hwan Sohna, Jaebaek Kimb, Hye Suk Leea,∗

a College of Pharmacy, Wonkwang University, Shinyongdong 344-2, Jeonbuk, Iksan 570749, South Korea
b Wonpharm Co. Ltd., Jeonbuk, Iksan 570950, South Korea

Received 7 November 2003; received in revised form 21 December 2003; accepted 24 December 2003

Abstract

A liquid chromatographic–mass spectrometric (LC/MS) method for the simultaneous determination of ginsenoside Rb1 and
Rg1 in human plasma was developed. The method involved the protein precipitation followed by analysis of ginsenoside Rb1 and
Rg1 in an Atlantis C18 column with the gradient elution of acetonitrile and ammonium formate (10 mM, pH 3.0) at a flow rate of
0.2 ml/min. The analytes were determined using electrospray negative ionization mass spectrometry in the selected ion monitoring
mode. The standard curves for ginsenoside Rb1 and Rg1 were linear over the concentration range of 10.0–1000 ng/ml. The lower
limit of quantification was 10.0 ng/ml using 100�l plasma sample. The coefficient of variation of intra- and inter-day assays for
ginsenoside Rb1 and Rg1 at three quality control levels ranged from 1.0 to 6.8% and 5.4 to 9.8%, respectively. Ginsenoside Rb1

and Rg1 were stable in blank human plasma at room temperature for 24 h and following three freeze–thaw cycles.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Ginseng has been used as health products or nat-
ural remedies for a long time[1]. The pharmaco-
logical properties of ginseng are generally attributed
to dammarane triterpene glycosides, called ginseno-
sides. Ginsenosides are classified into two groups,
with 20(S)-protopanaxadiol (ginsenoside Ra1, Rb1,
Rb2, Rb3, Rc, Rd) and 20(S)-protopanaxatriol (gin-
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senoside Re, Rg1, Rg2, Rh1) based on their aglycone
moieties[1,2]. The concentrations of ginsenoside Rb1
and Rg1 (Fig. 1) in ginseng radix are relatively higher
than those of other ginsenosides[3]. The absorption,
distribution, excretion and metabolism of ginseno-
sides in animals have been studied by using large
oral doses of isolated individual ginsenoside Rb1 or
Rg1 to rats[4–11]. However, there are a few reports
on the pharmacokinetics of ginsenosides in humans
after consumption of ginseng or ginseng preparations
[5,12,13]. Methods for determination of ginsenosides
in biological fluids include thin layer chromatography
(TLC) [4–9], high performance liquid chromatography
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Fig. 1. Structures of ginsenoside Rb1 and Rg1, and TMCMF (I.S.).

(HPLC) with UV detection[5,9,10] or fluorescence
detection[11], gas chromatography–mass spectrom-
etry (GC/MS)[12] and liquid chromatography–mass
spectrometry (LC/MS) with electrospray positive
ionization [13]. Using the GC/MS method, 20(S)-
protopanaxadiol and 20(S)-protopanaxatriol were
measured as the genuine aglycones of ginsenosides in
human urine[11]. TLC and HPLC methods with UV
detection suffered from limited selectivity due to the
presence of more than 20 structurally similar ginseng
saponins and endogenous interferences from bio-
logical fluids. Liquid–liquid extraction with butanol
[4,5] and the combination of protein precipitation and
solid phase extraction[5–13] were used for sample
preparation of ginsenoside Rb1 and Rg1 in biological
fluids. The use of solid phase extraction in addition to
protein precipitation in those reports[5–13] provided
the cleanest extract in terms of selectivity but was the
most complex and time-consuming.

The purpose of this study was to develop a simple,
rapid and reliable LC/MS method for the simultane-
ous determination of two main saponins, ginsenoside
Rb1 and Rg1 in human plasma using a simple protein
precipitation method as sample preparation tool.

2. Experimental

2.1. Materials and reagents

Ginsenoside Rb1 and Rg1 were the gifts from Won-
pharm Co. Ltd. (Iksan, Korea). 3′,4′,5-Trimethoxy-7-

carboxymethyloxy flavone (TMCMF, I.S.) was given
by Dong-A Pharm. Co. (Yongin, Korea). Hyosam®

capsules (Wonpharm Co. Ltd.), a commercial ginseng
preparation, were used for the application study. Ace-
tonitrile and methanol (HPLC grade) were obtained
from Burdick & Jackson Inc. (Muskegon, MI, USA)
and the other chemicals were of the highest quality
available.

2.2. Preparation of calibration standards and
quality control samples

Primary stock solutions of ginsenoside Rb1 and
Rg1, and TMCMF (1 mg/ml) were prepared in
methanol. Working standard solutions of ginseno-
side Rb1 and Rg1 were prepared by combining the
aliquots of each primary solution and diluting with
methanol. The working solution for I.S. (0.5�g/ml)
was prepared by diluting an aliquot of stock solution
with methanol. All ginsenosides and TMCMF solu-
tions were stored at ca 4◦C in polypropylene tubes in
the dark when not in use.

Human plasma calibration standards of ginsenoside
Rb1 and Rg1 (10.0, 20.0, 50.0, 100, 200, 500 and 1000
ng/ml) were prepared by spiking the working standard
solutions into a pool of ten lots of drug-free human
plasma. Quality control (QC) samples at 25.0, 150
and 750 ng/ml were prepared in bulk by adding 50�l
of the appropriate working standard solutions (2.5, 15
and 75�g/ml) to drug-free human plasma (4950�l).
The bulk samples were aliquoted (100�l) into
polypropylene tubes and stored−20◦C until analysis.
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2.3. Sample preparation

To a 100�l aliquot of blank plasma, calibration
standards and QC samples, 10�l of I.S. working so-
lution, 50�l of 0.2 M zinc sulfate and 100�l of ace-
tonitrile were added. The samples were vortex-mixed
for 5 min at high speed and centrifuged at 12,000× g

for 5 min. The supernatant was pipette transferred and
was evaporated to the dryness in a Speed-Vac concen-
trator. The residues were dissolved in 30�l of 30%
acetonitrile in water by vortex-mixing for 2 min, trans-
ferred to injection vials, and 10�l were injected onto
a LC/MS system.

2.4. LC/MS analysis

The chromatographic system consisted of a
Nanospace SI-2 pump, a SI-2 autosampler, a SI-2 col-
umn oven, a SI-2 switching valve and a S-MC system
controller (Shiseido, Tokyo, Japan). The separation
was performed on an Atlantis C18 column (5�m,
2.1 mm i.d. × 100 mm, Waters Co., USA) using a
gradient elution of (A) ammonium formate (10 mM,
pH 3.0)-acetonitrile (95:5,v/v) and (B) acetonitrile
at a flow rate of 0.2 ml/min: 25–32% mobile phase
B for 4 min, 32–75% mobile phase B for 0.5 min,
75% mobile phase B for 4.5 min. The column and
autosampler tray temperature was 40 and 4◦C, re-
spectively. The eluent was introduced directly into the
negative ionization electrospray source of a tandem
quadrupole mass spectrometer (Quattro LC, Micro-
mass UK Ltd. UK) from 2.5 min after the injection
to decrease the contamination of ion source. The ion
source and desolvation temperature were held at 120
and 350◦C, respectively. The optimum cone voltages
were 70, 70 and 25 V for ginsenoside Rb1, Rg1 and
TMCMF, respectively. Selected ion monitoring (SIR)
mode was employed for the quantification:m/z 1107.6
for ginsenoside Rb1, m/z 799.4 for ginsenoside Rg1
and m/z 385.2 for TMCMF (I.S.). Peak areas for all
components were automatically integrated using a
MassLynx version 3.5 software (Micromass UK Ltd.).

2.5. Method validation

Batches, consisting of triplicate calibration stan-
dards at each concentration, were analyzed on three
different days to complete the method validation. In

each batch, QC samples at 25.0, 150 and 750 ng/ml
were assayed in sets of six replicates to evaluate the
intra- and inter-day precision and accuracy. The per-
centage deviation of the mean from true values, ex-
pressed as relative error (RE), and the coefficient of
variation (CV) serve as the measure of accuracy and
precision. The lower limit of quantification (LLOQ)
was set at a level where the following criteria were
met: signal-to-noise ratio≥ 5.0 with RE ≤ ±20%
and CV≤ 20%[14].

The absolute recoveries of ginsenoside Rb1 and Rg1
were determined by comparing the peak area of six
extracted samples at the concentrations of 10.0, 25.0,
150 and 750 ng/ml with the mean peak area of recovery
standards. Three replicates of each of the recovery
standards were prepared by adding ginsenosides Rb1
and Rg1 or I.S. to blank human plasma extracts.

To evaluate the three freeze–thaw cycle stability and
room temperature matrix stability, six replicates of QC
samples at each of the low and high concentrations
(25.0 and 750 ng/ml, respectively) were subjected to
three freeze–thaw cycles or were stored at room tem-
perature for 24 h before processing, respectively. Six
replicates of QC samples at each of the low and high
concentrations were processed and stored under au-
tosampler conditions for 24 h were assayed to assess
post-preparative stability.

2.6. Application

A healthy male volunteer, fasted for 12 h, received
a single oral dose of six capsules of Hyosam®, each
containing 250 mg ginseng powder fermented by in-
testinal bacteria, with 20 ml of water. Blood samples
(2 ml) were withdrawn from the forearm vein at 0.5,
1, 2, 3, 4, 6 and 12 h post dosing, transferred to
Vacutainer® tubes and centrifuged. Following cen-
trifugation (3000× g, 15 min, 4◦C), plasma samples
were transferred to eppendorf tubes and stored at
−70◦C prior to analysis. Drug concentrations were
determined as the mean of duplicate samples.

3. Results and discussion

3.1. LC/MS

Ginsenoside Rb1, Rg1 and TMCMF (I.S.) were
separated on an Atlantis C18 column using the linear
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Fig. 2. Representative LC/MS chromatograms of: (a) a blank
human plasma and a human plasma spiked with (b) 10.0 ng/ml
and (c) 200 ng/ml of ginsenoside Rb1 and Rg1.

gradient of acetonitrile and ammonium formate
(10 mM, pH 3.0). The retention times for ginsenoside
Rb1, Rg1 and TMCMF were 6.8, 3.4 and 5.4 min, re-
spectively (Fig. 2). The effects of pH of mobile phase
on the ionization efficiency of ginsenoside Rb1 and
Rg1 were evaluated in order to obtain the maximum
sensitivity. The use of 10 mM ammonium formate ad-
justed to pH 3.0 as mobile phase gave the maximum
sensitivity in LC/MS analysis of ginsenoside Rb1 and
Rg1 in plasma samples.

Negative ion mode was more sensitive than positive
ion mode for the ionization of ginsenoside Rb1 and
Rg1. The electrospray ionization of ginsenoside Rb1
and TMCMF (I.S.) with negative ion mode produced
the molecular ion ([M−H]−) atm/z 1107.6 and 385.2,
respectively, without the presence of adduct ions and

Table 1
Calculated concentrations of ginsenoside Rb1 and Rg1 in calibration standards prepared in human plasma (n = 9)

Ginsenoside Statistical variable Theoretical concentration (ng/ml) Slopeγ2

10.0 20.0 50.0 100 200 500 1000

Rb1 Mean (ng/ml) 10.3 19.9 46.2 90.4 198 494 1003 0.0029 0.998
CV (%) 11.2 6.1 2.4 4.3 8.1 11.5 7.2 9.8
RE (%) 3.1 −0.7 −7.6 −9.6 −1.0 −1.2 0.3

Rg1 Mean (ng/ml) 11.3 20.3 47.1 89.1 192 495 1010 0.0024 0.999
CV (%) 6.8 1.8 4.8 3.4 5.2 5.9 5.4 8.9
RE (%) 13.0 1.6 −5.8 −10.9 −4.0 −1.0 1.0

fragment ions. Ginsenoside Rg1 exhibited [M−H]− at
m/z 799.4 and formate adduct ion atm/z 845.4 in mass
spectrum. The molecular ion of each compound was
selected as SIR monitoring ion to obtain the selectivity
and sensitivity for the determination of ginsenoside
Rb1 and Rg1.

Fig. 2shows the typical LC/MS chromatograms ob-
tained from the analysis of blank human plasma and
a human plasma sample spiked with ginsenoside Rb1
and Rg1 (10 or 200 ng/ml). In the analysis of blank
plasma samples from seven different sources, there
was no interference at the retention times of ginseno-
side Rb1, Rg1 and TMCMF. Sample carryover effect
was not observed.

3.2. Linearity

The calibration curves for ginsenoside Rb1 and Rg1
in plasma were linear over the concentration range
10.0–1000 ng/ml with correlation coefficient (γ2) of
0.998 and 0.999 for ginsenoside Rb1 and Rg1, respec-
tively. Linear regression analysis with a weighting fac-
tor of 1/concentration gave the acceptable accuracy
and precision of the corresponding calculated concen-
trations at each level (Table 1). The CV values for the
slopes of ginsenoside Rb1 and Rg1 indicated the re-
peatability of the method (Table 1).

3.3. Sensitivity

The lower limit of quantification (LLOQ) was set
at 10.0 ng/ml for ginsenoside Rb1 and Rg1 using
100�l of human plasma. As shown inFig. 2b, the
peak heights for ginsenoside Rb1 and Rg1 were at
least five times than the background noise. The mean
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Table 2
Precision and accuracy of ginsenoside Rb1 and Rg1 in human plasma quality control samples

Ginsenoside Statistical variable Intra-batch (n = 6) Inter-batch (n = 18)

Rb1 Theoretical (ng/ml) 10.0 25.0 150 750 25.0 150 750
Mean (ng/ml) 10.7 25.2 145 737 27.1 145 731
CV (%) 2.1 6.8 5.0 6.0 8.3 5.4 7.9
RE (%) 7.0 0.8 −3.3 −1.7 8.4 −3.3 −2.5

Rg1 Theoretical (ng/ml) 10.0 25.0 150 750 25.0 150 750
Mean (ng/ml) 10.9 24.8 149 747 25.7 147 737
CV (%) 4.0 3.8 1.0 2.7 6.9 8.2 9.8
RE (%) 9.0 −0.8 −0.7 −0.4 2.8 −2.0 −1.7

RE values were 7.0% for ginsenoside Rb1 and 9.0%
for ginsenoside Rg1 at 10.0 ng/ml with CV of 2.1 and
4.0%, respectively (Table 2).

3.4. Intra- and inter-batch accuracy and precision

QC samples containing ginsenoside Rb1 and Rg1
were prepared and analyzed in assay batches 1–3.
Table 2shows a summary of intra- and inter-batch pre-
cision and accuracy. The intra-batch accuracy (RE) for
ginsenoside Rb1 and Rg1 ranged from−3.3 to 0.8% at
three different concentrations with the precision (CV)
between 1.0 and 6.8%. The inter-batch accuracy (RE)
for ginsenoside Rb1 and Rg1 ranged from−3.3 to
8.4% with the precision (CV) between 5.4 and 9.8% at
three different concentrations. These results indicate
that the present method has a satisfactory accuracy,
precision and reproducibility.

3.5. Recovery

The absolute recoveries of ginsenoside Rb1 and
Rg1 from spiked human plasma were determined at
the concentrations of 10.0, 25.0, 150 and 750 ng/ml
in six replicates. The recovery of ginsenoside Rb1
at 10.0 ng/ml was 89.2 ± 7.7%; at 25.0 ng/ml,
94.0 ± 5.8%; at 150 ng/ml, 89.5 ± 7.6%; and at
750 ng/ml, 91.2± 3.8%. The recovery of ginsenoside
Rg1 was 94.1 ± 5.4%; at 25.0 ng/ml, 92.3 ± 8.6%; at
150 ng/ml, 96.1±7.7%; and at 750 ng/ml, 94.7±4.8%.
The recovery of TMCMF (I.S.) at 50 ng/ml was
89.3 ± 3.2%. The protein precipitation with ace-
tonitrile has been successfully applied to the sample
preparation of ginsenoside Rb1 and Rg1 from plasma
sample.

3.6. Matrix effect

Six samples of blank plasma from six indepen-
dent sources spiked with ginsenoside Rb1 and Rg1 at
150 ng/ml were prepared and analyzed. CV and RE
for ginsenoside Rb1 were 4.5 and 0.9%, respectively.
CV and RE for ginsenoside Rg1 were 5.2 and−0.6%,
respectively. These tight CV and RE values indicate
no significant lot-to-lot variation in matrix effects.

3.7. Stability

Stability of ginsenoside Rb1 and Rg1 during sam-
ple handling (freeze–thaw and room temperature
storage) and the stability of processed samples were
evaluated (Table 3). Three freeze–thaw cycles and

Table 3
Stability of samples (n = 6)

Statistical variable Theoretical concentration (ng/ml)

Ginsenoside Rb1 Ginsenoside Rg1

25.0 750 25.0 750

Three freeze and thaw stability
Mean 25.7 741 24.4 751
CV (%) 5.2 7.1 4.4 3.9
RE (%) 2.8 −1.2 −2.4 0.1

Short-term temperature stability (24 h at room temperature)
Mean 24.8 748 24.9 742
CV (%) 6.3 5.8 4.2 5.6
RE (%) −0.8 −0.3 −0.4 −1.1

Post-preparative stability (24 h at room temperature)
Mean 25.3 752 25.2 743
CV (%) 5.4 6.3 5.2 4.9
RE (%) 1.2 0.3 0.8 −0.9
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Fig. 3. Plasma concentration–time plot of ginsenoside Rb1 follow-
ing a single oral administration of Hyosam, a commercial ginseng
preparation (1.5 g) in a male volunteer.

room temperature storage for 24 h before analysis had
little effect on the quantification. Extracted QCs and
calibration standards were allowed to stand at am-
bient temperature for 24 h prior to injection without
affecting the quantification.

3.8. Application of method

The suitability of this method was proved in the
pharmacokinetic study of ginsenoside Rb1 and Rg1 in
human.Fig. 3 shows plasma concentration–time plot
of ginsenoside Rb1 after a single oral dose of a com-
mercial ginseng preparation, Hyosam capsules (1.5 g)
to a healthy male volunteer. The maximum concen-
tration and the time to a maximum concentration of
ginsenoside Rb1 were 15.9 ng/ml and 3 h, respectively.
However, ginsenoside Rg1 was not detected in the
plasma.

4. Conclusions

A sensitive and reliable LC/MS method has been de-
scribed for the determination of ginsenoside Rb1 and
Rg1 in human plasma using the protein precipitation
as sample clean-up procedure. This method showed

acceptable selectivity, sensitivity, precision, accuracy,
linearity, recovery and stability of ginsenoside Rb1
and Rg1 in plasma samples. The present method was
successfully applied to pharmacokinetic study for gin-
senoside Rb1 and Rg1 after oral administration of a
commercial ginseng preparation in human.

Acknowledgements

This research was supported by a grant (PF
0320401-00) from Plant Diversity Research Center
of 21st Century Frontier Research Program funded
by Ministry of Science and Technology of Korean
government and Spela Ltd.

References

[1] A.S. Attele, J.A. Wu, C.S. Yuan, Biochem. Pharmacol. 58
(1999) 1685–1693.

[2] C.N. Gillis, Biochem. Pharmacol. 54 (1997) 1–8.
[3] K. Samukawa, H. Yamashita, H. Matsuda, M. Kubo,

Yakugaku Zasshi 115 (1995) 241–249.
[4] T. Akao, H. Kida, M. Kanaoka, M. Hattori, K. Kobashi, J.

Pharm. Pharmacol. 50 (1998) 1155–1160.
[5] H. Hasegawa, J.-H. Sung, S. Mataumiya, M. Uchiyama, Planta

Med. 62 (1996) 453–457.
[6] T. Odani, H. Tanizawa, Y. Takino, Chem. Pharm. Bull. 31

(1983) 292–298.
[7] T. Odani, H. Tanizawa, Y. Takino, Chem. Pharm. Bull. 31

(1983) 1059–1066.
[8] T. Odani, T. Yanizawa, Y. Takino, Chem. Pharm. Bull. 31

(1983) 3691–3697.
[9] M. Kakikura, T. Miyase, H. Tanizawa, T. Taniyama, Y. Takino,

Chem. Pharm. Bull. 39 (1991) 2357–2361.
[10] Q.F. Xu, X.L. Fang, D.F. Chen, J. Ethnopharmacol. 84 (2003)

187–192.
[11] D. Shangguan, H. Han, R. Zhao, Y. Zhao, S. Xiong, G. Liu,

J. Chromatogr. A 910 (2001) 367–372.
[12] J.F. Cui, I. Bjdrkhem, P. Eneroth, J. Chromatogr. B 689 (1997)

349–355.
[13] M.A. Taweb, U. Bahr, M. Karas, M. Wurglics, M. Schubert-

Zsilavecz, Drug Metab. Dispos. 31 (2003) 1065–1071.
[14] Guidance for Industry-Bioanalytical Method Validation, US

Department of Health and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Research,
Center for Veterinary Medicine, May 2001,http://www.fda.
gov/cder/guidance/index.htm.

http://www.fda.gov/cder/guidance/index.htm
http://www.fda.gov/cder/guidance/index.htm

	Simultaneous determination of ginsenoside Rb1 and Rg1 in human plasma by liquid chromatography-mass spectrometry
	Introduction
	Experimental
	Materials and reagents
	Preparation of calibration standards and quality control samples
	Sample preparation
	LC/MS analysis
	Method validation
	Application

	Results and discussion
	LC/MS
	Linearity
	Sensitivity
	Intra- and inter-batch accuracy and precision
	Recovery
	Matrix effect
	Stability
	Application of method

	Conclusions
	Acknowledgements
	References


