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A rapid, sensitive and reliable method based on ultra performance liquid chromatography coupled with a
photodiode array detector (UPLC-PAD) was developed for both the quantitative analysis of ten bioactive
ginsenosides and a chemical-fingerprint analysis. The chromatography was performed on an ACQUITY
UPLCTM BEH C18 column using a gradient elution with acetonitrile/water as the mobile phase. To compare
the UPLC fingerprints and to evaluate their quality, chemometric methods including similarity analysis (SA)
and hierarchical-clustering analysis (HCA) were implemented when classifying the Panacis Quinquefolii
Radix samples. The Panacis Quinquefolii Radix samples were successfully grouped in accordance with
their geographic origins.

1. Introduction

American ginseng, or Panacis Quinquefolii Radix (Huaqishen
or Xiyangshen in Chinese), is derived from Panax quinquefolius
L. (Family Araliaceae), a perennial plant indigenous to the cen-
tral and eastern regions of Canada and the United States (Jia and
Zhao 2009). American ginseng possesses various pharmacolog-
ical actions such as modulating neurotransmission in learning,
memory improvement and neuroprotection, strengthening the
immune system to fight cancer, and promoting longevity equally
as well as Asian ginseng (Attele et al. 1999; Jia et al. 2009).
American ginseng has been recorded in the Supplement to the
“Compendium of Materia Medica” for medicinal purposes in
China since the Qing dynasty and is widely used in traditional
medicines and health foods. Since the late 1800 s, shaded cul-
tivation has been encouraged to aid in its conservation and to
accommodate the high demand for wild American ginseng (Jia
and Zhao 2009). In recent years, American ginseng was abun-
dant in supply for medicinal and tonic consumption in China. It
has been extensively and successfully cultivated in Northeastern
and Eastern China, including the provinces of Liaoning, Jilin,
Heilongjiang, Beijing and Shandong (Xiao 2002). Previously,
Yuan et al. compared the pharmacological effects of American-
cultivated and Chinese-cultivated Panacis Quinquefolii Radix
and examined differences between Wisconsin-cultivated and
Illinois-cultivated Panacis Quinquefolii Radix. The results indi-
cated that the potency of extracts from the Panacis Quinquefolii
Radix cultivated in different countries or regions varied signif-
icantly due to their differing ginsenoside profiles (Yuan et al.
1998; Yuan et al. 2001). Therefore, quality control is very impor-
tant in guaranteeing the desired pharmacological effects.
Ginsenosides, a unique group of triterpenoid saponins, are
responsible for the various pharmacological activities such as

antihyperglycemic, aphrodisiac, anticancer or immunotherapeu-
tic effects (Jia and Zhao 2009). Of the more than 150 naturally
occurring ginsenosides found in the Panax genus, only ginseno-
sides Rb1, Re and Rg1 have been designated as quality-control
markers for Panacis Quinquefolii Radix in the Chinese phar-
macopoeia (State Pharmacopoeia Committee of the People’s
Republic of China 2010). A number of the bioactive ginseno-
sides are currently not thoroughly quantified due to the lack of
corresponding ginsenoside standards; however, the high quan-
tities of ginsenosides Rg1, Re, Rb1, Rg2, Rb2, Rc, Rg3 and Rd
have been recognized as the main active ingredients in Ameri-
can ginseng (Wang et al. 2005; Court et al. 1996; Chen et al.
2007; Zhang et al. 2008). Quality control through quantita-
tive analysis of one or more bioactive constituents or marker
compounds remains of prime importance, but consistent quality
cannot be guaranteed based on the contents of only a few of the
ginsenosides. It has become increasingly clear that a synergism
among the multiple active analytes plays an important role in
Ginseng bioactivity and the quality assessment based on mul-
tiple constituents as much as possible are comprehensive. The
development of “chromatographic fingerprints” conforms to the
concept of a comprehensive quality-control program for herbal
medicines.
Today, these chromatographic fingerprints have become the
most powerful approaches in the quality control of herbal
medicines, along with quantitative analysis (Zeng et al. 2009;
Jin et al. 2008; Tian et al. 2009; Wei et al. 2010). A
chromatographic fingerprint is a chromatographic profile repre-
senting multiple components with characteristic peaks, known
or unknown, for the herbal medicine under investigation. Fin-
gerprint chromatograms are complex multivariate data sets
because the herbal medicines tested are complex mixtures
of components. The differences among chromatographic fin-
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Fig. 1: The UPLC chromatograms of mixed standard compounds (A) and Panacis Quinquefolii Radix sample (B). The chromatogram of mixted standard compounds (A): (1)
G-Rg1; (2) G-Re; (3) G-Rh1; (4) G-Rg2; (5) G-Rb1; (6) G-Rc; (7) G-Rb2; (8) G-Rb3; (9) G-Rd; (10) G-Rg3.

gerprints from various sources are difficult to discriminate
visually or to analyze quantitatively. Thus, chemometric meth-
ods, such as similarity analysis (SA) and hierarchical clustering
analysis (HCA), should be considered to facilitate the classi-
fication of an herbal medicine (Liu et al. 2010; Kong et al.
2009).
High-performance liquid chromatography (HPLC) coupled with
various detectors is the most commonly employed analytical
method for the detection of ginsenosides (Chen et al. 2007;
Shangguan et al. 2001; Li et al. 2005). Unfortunately, to acquire
a chemical fingerprint and a quantitative analysis for the gin-
senosides of Asian or American ginseng by traditional HPLC
generally requires one or more hours per sample run (Wang
et al. 2005; Chen et al. 2007; Zhang et al. 2008). In compari-
son, ultra performance liquid chromatography (UPLC) not only
has a lower flow rate, a shorter analysis time and a lower sol-
vent consumption, it also performs satisfactory separations, has
good resolution and sensitivity and is a powerful tool for chro-
matographic fingerprints and quantitative analyses of complex
systems such as herbal medicines (Kong et al. 2009; Chen et al.
2008).
In the present study, a rapid, high-throughput UPLC–PDA
method was developed for the simultaneous determination of
ten ginsenosides in Panacis Quinquefolii Radix (Table 1). Addi-
tionally, the chemical fingerprints of Panacis Quinquefolii Radix
from various sources were investigated, and SA and HCA were
performed.

Table 1: Chemical structure of ginsenosides

No. Ginsenosides R1 R2 R3

1 G-Rg1 H -O-Glc -Glc
2 G-Re H -O-Glc2-Rha -Glc
3 G-Rh1 H -O-Glc H
4 G-Rg2 H -O-Glc2-Rha H
5 G-Rb1 -Glc2-Glc H -Glc6-Glc
6 G-Rc -Glc2-Glc H -Glc6-Ara(f)
7 G-Rb2 -Glc2-Glc H -Glc6-Ara(p)
8 G-Rb3 -Glc2-Glc H -Glc6-Xyl
9 G-Rd -Glc2-Glc H -Glc
10 G-Rg3 -Glc2-Glc H H

G: Ginsenoside; Glc: β-D-glucose; Rha: α-L-rhamnose; Ara(p): α-L-arabinose (pyranose); Ara(f):
α-L-arabinose (furanose); Xyl: β-D-xylose
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Table 2: Calibration curve, limit of detection, limit of quantification of the analytes

Compounds Regression equation Linear range (mg/ml) R2 LOD (ng) LOQ (ng)

G-Rg1 Y = 2293897X + 5572 2.51−502 1.0000 1.7 5.8
G-Re Y = 1886809x + 1809 51.7−1014 0.9998 1.7 6.0
G-Rh1 Y = 3568176X + 7082 2.55−510 1.0000 1.7 6.0
G-Rg2 Y = 3367695X + 9565 2.56−512 0.9999 1.7 3.0
G-Rb1 Y = 1792394X + 7041 51.3−1026 1.0000 1.7 6.0
G-Rc Y = 1829870X + 6204 41.5−830 1.0000 1.4 4.8
G-Rb2 Y = 1855268X + 3433 2.00−401 1.0000 1.3 4.7
G-Rb3 Y = 2262722X + 5570 2.52−504 0.9999 1.7 5.9
G-Rd Y = 2136235X + 8066 40.3−806 1.0000 1.3 4.7
G-Rg3 Y = 3402357X + 8797 2.57−128.7 0.9991 1.7 6.0

Y, peak area; X, the concentration of each reference compound (mg/ml); R, correlation coefficient of regression equations; LOD, limit of detection (S/N = 3); LOQ, limit of quantification (S/N = 10).

2. Investigations, results and discussion

2.1. Selection of extraction procedure

The efficiency of the extraction procedure was evaluated using
different solvents, i.e., different concentrations of methanol in
water (100% methanol, 70% methanol and 50% methanol),
ethanol or n-butanol saturated with water. The results demon-
strated that methanol extraction yielded the highest contents of
the target ginsenosides compared to the other solvents. Vari-
ous extraction techniques such as sonication, refluxing, Soxhlet
extraction, and marinating at room temperature were also
investigated. The sonication extractions gave concentrations of
ginsenosides higher than those for the marinating extractions
and equivalent to those for the reflux and Soxhlet extractions,
but took less time. Thus, sonication was subsequently chosen
as the extraction method for the test samples. The duration of
the extraction was also investigated; however, the results demon-
strated that the established method was adequate and appropriate
for the analysis.

2.2. Selection of chromatographic conditions

The chromatographic conditions were optimized using both the
standards for the ten ginsenosides and the Panacis Quinquefolii
Radix samples based on conditions described in previous reports
(State Pharmacopoeia Committee of the People’s Republic of
China 2010; Zhang et al. 2008; Guan et al. 2007). First, varia-
tions through gradient elution in the ratio of water to acetonitrile
in the mobile phase were investigated to obtain the baseline
separation of the target ginsenosides, especially ginsenosides
Rg1 and Re, Rb2 and Rb3. Optimized chromatographic condi-
tions were achieved to provide the best resolution and a good
separation of the ten ginsenosides by considering the effects
of flow rate and column temperature. Here, the flow rate was
set at 0.3 mL·min−1 when comparing the various column tem-
peratures (20, 25, 30 and 40 ◦C), and the column temperature
was kept at 30 ◦C when varying the flow rate (0.3, 0.4 and
0.5 mL·min−1). System backpressure and running time were
also taken into consideration during these trials. Under the opti-
mal conditions, all ten ginsenosides and the other components
in the extracts of the Panacis Quinquefolii Radix samples were
well separated, as shown in the representative chromatogram
in Fig. 1. The use of the UPLC-PAD method produced a sig-
nificant increase in peak capacity, which resulted in a better
chromatographic resolution and increased signal-to-noise ratio.

2.3. Method validation

The newly established method was validated for linearity, lim-
its of detection and limits of quantification (LODs and LOQs),

precision (inter-day and intra-day precision), reproducibility,
stability and accuracy.

2.3.1. Linearity, limits of detection (LOD) and limits of
quantification (LOQ)

Linearity was evaluated using calibration curves constructed
in triplicate by plotting the peak area of the analyte for each
ginsenoside against its standards at six different concentra-
tions; the equations and correlation coefficients corresponding
to the linear-regression curves are listed in Table 2. Here, the
limit of detection (LOD) was defined as the concentration
giving a signal three times higher than the noise level. The
limit of quantification (LOQ) was defined as the concentra-
tion giving a signal 10 times greater than the noise (S/N = 10)
(Table 2).

2.3.2. Accuracy and precision

To estimate sample-matrix effects in this newly optimized UPLC
method, ginsenoside recoveries from samples spiked with the
ten standards were evaluated. The spiked samples (Sample 5)
were extracted, processed and quantified in accordance with
the sample preparation and chromatographic-analysis methods
described above, and the analyte recoveries were determined
for three separate concentrations (low, medium and high). The
average recoveries for the three extracted aliquots of the spiked
samples were found to be within the range of 95.3% to 104.6%,
with relative standard deviations (RSD) between 0.19% and
5.98% (Table 3).
The intra-day and inter-day accuracies were evaluated under
the optimal conditions by performing six replicate analyses on
standard solutions prepared and analyzed every four hours for
intra-day analysis and twice a day for three consecutive days
for the inter-day study. The intra-day and inter-day accuracies
showed good coefficients of variance, with RSDs ranging from
2.07% to 3.20% (Table 3), which was acceptable.

2.4. Repeatability and stability

To further evaluate the repeatability and stability of the devel-
oped assay, Panacis Quinquefolii Radix sample was analyzed in
six replicate analyses as described above. The contents were cal-
culated and the RSDs were taken as measures of the repeatability
and stability of the method. Stability was tested and analyzed at
0 h, 2 h, 4 h, 8 h and 12 h, respectively. The RSDs for the repeata-
bility and stability were within 3.83% and 2.45%, respecti-
vely.
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Table 3: Precision and recovery for ten ginsenosides in Panacis Quinquefolii Radix

Analytes Accuracy (n = 6) Recovery (n = 3)

Concentration (�g/mL) Intra-Day RSD (%) Inter-Day RSD (%) Spiked (mg) Mean (%) RSD (%)

G-Rg1 0.1337 2.17 3.20 0.80 98.8 3.10
1.36 99.8 0.62
1.80 100.7 0.28

G-Re 0.2585 2.07 3.10 1.20 96.9 0.78
2.16 104.3 0.93
3.24 98.5 0.19

G-Rh1 0.1394 2.18 2.96 0.20 95.8 1.45
0.32 98.8 1.34
0.42 101.1 1.11

G-Rg2 0.1367 2.37 3.29 0.25 99.0 1.86
0.40 95.8 1.48
0.50 101.8 1.15

G-Rb1 0.2565 2.13 3.08 2.40 96.9 1.00
3.60 100.2 1.15
4.80 96.7 0.69

G-Rc 0.2075 2.20 3.12 0.08 103.3 4.53
0.40 99.8 2.04
0.64 96.6 0.94

G-Rb2 0.1069 2.45 3.15 0.15 97.5 3.87
0.27 100.8 1.05
0.36 98.9 3.96

G-Rb3 0.1345 2.41 3.12 0.16 104.6 5.98
0.32 95.3 1.38
0.44 96.3 4.01

G-Rd 0.2015 2.60 3.11 0.42 98.6 5.68
0.63 104.6 3.04
0.84 103.3 4.95

G-Rg3 0.1373 2.08 2.92 0.20 103.5 0.68
0.36 95.6 0.45
0.48 95.7 0.26

2.5. Sample analysis

The established method was applied to determine the contents
of ten ginsenosides in 16 batches of Panacis Quinquefolii Radix
from locations of varying origin. The results are shown in Table 4
as the mean values of the three replicate injections. Among
the ten target ginsenosides, ginsenosides Rh1 and Rg3 were not
detected; ginsenoside Rg2 was not detected in half of the sam-
ples, and only very small amounts were detected and quantified
in the remaining half. It is clear from the results that the con-
tents of the ginsenosides detected in the Panacis Quinquefolii
Radix samples varied remarkably. The highest contents of two
ginsenosides, Re and Rb1, exceeded 0.73% and 0.94%, respec-
tively. Comparatively, the contents of three other ginsenosides,
Rg1, Rc and Rd, which are bioactive components known to be
present in higher amounts, ranged from 0.054% to 3.94% and
were higher than ginsenosides Rb2 and Rb3. In Panacis Quin-
quefolii Radix samples from China and elsewhere, ginsenosides
Re, Rb1 and Rg1 were found to be the main bioactive com-
ponents, together with ginsenosides Rc and Rd. Regrettably,
quality control in the Chinese pharmacopoeia utilizing quan-
titative analysis remains infeasible for detecting ginsenosides
Re, Rb1, and Rg1 (State Pharmacopoeia Committee of the Peo-
ple’s Republic of China 2010). However, trace ginsenosides and
unknown ginsenosides are known to possess therapeutic effects;
synergic effects among bioactive ginsenosides play important
roles. To evaluate the comprehensive quality of Panacis Quin-
quefolii Radix, the chromatographic fingerprints established
on the rapid UPLC technique combined with HCA were per-
formed.

2.6. Establishment of chromatographic fingerprint for
Panacis Quinquefolii radix and its similarity evaluation

These experiments showed that the proposed UPLC method
could also be satisfactorily employed in the fingerprinting of
Panacis Quinquefolii Radix while simultaneously performing a
quantitative analysis of the ten ginsenosides. The information
gathered from the fingerprints was more comprehensive than
that provided from the typical approach, which only focuses on
the quantitation of individual markers or active constituents.
The Similarity Evaluation System for Chromatographic
Fingerprinting of Traditional Chinese Medicines, a computer-
aided-similarity-evaluation software developed for the statistical
evaluation of chromatographic patterns, was employed for the
synchronization and the quantitative comparison of the different
samples. The correlation coefficients of all the chromatographic
profiles for the samples were calculated, and simulated mean
chromatograms were calculated and generated by this program.
The different chromatographic patterns for each investigated
sample were compared for their similarities with the mean chro-
matogram.
The chromatograms of the sixteen Panacis Quinquefolii Radix
samples, containing 11 distinct common peaks within an elu-
tion time of 18 min, are shown in Fig. 2. All the chromatograms
were evaluated in terms of their similarity to the mean chro-
matogram through the calculation of their angle cosine value
from the original data. In other words, the similarity analyses
were conducted based on standard fingerprints, and the results
are shown in Table 5. Here, cosine values closer to 1 indicate
a high similarity of a given chromatogram to the mean chro-
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Fig. 2: The UPLC chromatograms of 16 batches of Panacis Quinquefolii Radix samples. Numbers 1–10 stand for the common peaks: (1)G-Rg1; (2) G-Re; (3) G-Rb1; (4) G-Rc;
(5) G-Rb2; (6) G-Rb3; (8) G-Rd; (7), (9), (10) and (11) were unknown; Numbers S1–S16 stand for the different samples.

matogram. The similarity values of all 16 samples were more
than 0.90, except Sample 3.

2.7. HCA based on the chromatographic fingerprint for
quality assessment and classification

Relative peak area of each characteristic peak related to the
weight was calculated for the quantitative expression of the
chemical properties in the chromatographic pattern. This infor-
mation allowed us to assess the quality and use HCA to classify
the Panacis Quinquefolii Radix samples.
HCA is a statistical method for finding relatively homogeneous
clusters in cases based on measured characteristics. In this anal-

ysis, the ratio between the areas of the 11 common peaks and
the weights determined for the 16 Panacis Quinquefolii Radix
samples formed an 11 × 16 matrix. Similarities among the 16
samples were calculated using the SPSS software, and a dendro-
gram was generated, which revealed the relationships among the
samples. The results of the HCA are shown in Fig. 3, and they
reveal that the samples could be divided into two levels and three
clusters: Samples 3–10 and 15 were in Cluster One, belonging
to Level I, while Samples 11–14, 1–2 and 16 fell in Clusters
Two (A) and Three (B), both belonging to Level II. Cluster One
consists of Sample 15 collected from Canada and Samples 3–10
collected from the Jilin and Heilongjiang provinces. Cluster Two
consists of two samples, 11 and 12, collected from Shandong.
Cluster Three consists of five samples collected from the Beijing

Fig. 3: Dendrogram of clustering of Panacis Quinquefolii Radix samples. This dendrogram was performed using SPSS16.0 software (Chicago, USA). The Ward’s method as the
amalgamation rule and the Squared Euclidean distance as metric were used to establish clusters: Numbers S1–S16 stand for the different samples.
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Table 5: Similarity values of 16 batches of Panacis Quinquefolii
Radix samples

Sample No. Similarity Sample No. Similarity

S1 0.915 S9 0.921
S2 0.912 S10 0.910
S3 0.871 S11 0.975
S4 0.958 S12 0.945
S5 0.912 S13 0.929
S6 0.952 S14 0.933
S7 0.925 S15 0.926
S8 0.941 S16 0.944

and Liaoning provinces and from Canada. It can be seen that the
rescaled distance between Clusters Three and One (or Clusters
Two and One) is 25 (arbitrary units), whereas the rescaled dis-
tance between Clusters Two and Three is 7.6. These distances
indicate that the qualities of Clusters Two and Three are more
similar to each other than with those of Cluster One. From the
plot, all the samples from Jilin and Heilongjiang were clustered
in Level I, which tells us that the qualities of these samples were
homogenous and stable. The samples from Liaoning and Bei-
jing were clustered in B, which indicates that their cultivation
climates and other factors vary only a little. The UPLC pro-
files for the Canadian-grown samples were similar to those of
the Chinese samples, ensuring that Chinese-cultivated Panacis
Quinquefolii Radix should provide the same pharmacological
effects as the Canadian form.

3. Experimental

3.1. Reagents and standards

Ginsenosides Rg1, Re, Rg2, Rg3, Rb1, Rb2, Rb3, Rc and Rd were provided
by the National Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China), and ginsenoside Rh1 was obtained from Shanghai
Tongtian Biotechnology Company (Shanghai, China). Their structures were
shown in Table 1.
HPLC-grade acetonitrile was purchased from Merck Company (Darmstadt,
Germany). Water was prepared from Millipore water purification system
(Millipore, MA, USA). Solvents were filtered through 0.22 �m membrane
filters (Waters Co., MA, USA) before use. Other solvents were of analytical
grade (Peking Chemical Factory, Beijing, China).

3.2. Plant materials

Fourteen raw material samples were collected from the provinces of Liaon-
ing, Jilin, Heilongjiang, Beijing and Shandong in China and were identified
as Panacis Quinquefolii Radix by Professor Yulin Lin (Institute of Medici-
nal Plant Development, Chinese Academy of Medical Sciences and Peking
Union Medical College). Two commercial sliced samples were purchased
from herbal stores in Beijing, marked as “American ginseng root, made in
Canada.” Voucher specimens were deposited in the Herbarium of the Insti-
tute of Medicinal Plant Development at the Chinese Academy of Medical
Sciences & Peking Union Medical College.

3.3. Sample preparation

The powdered samples (1.0 g, sieved to a size of 250 �m) were accurately
weighed and macerated in 50 mL methanol in a measuring flask for 10 min.
These samples were extracted in an ultrasonic bath for 30 min (Power
500 W). Of the methanol extracts remaining after removing the solvent in
vacuo, 25 mL residue was dissolved in 10 mL methanol. The sample solution
was filtered through a membrane filter (0.22 �m pore size) prior to injection
into the UPLC.

3.4. Apparatus and chromatographic conditions

The experiments were performed on an ACQUITY UPLCTM system (Waters
Co., MA, USA) consisting of a binary solvent delivery system, a sample
manager, a column oven, and a photodiode array detector (PDA). Data were
analyzed with the Waters Empower 2 Chemstation software.
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Chromatographic separation was performed on an ACQUITY UPLCTM

BEH C18 column (50 mm × 2.1 mm, 1.7 �m particle size, Waters Co., MA,
USA). The column was maintained at 30 ◦C, and analysis was monitored at
203 nm. The mobile phase consisted of acetonitrile as solvent A and water
as solvent B. Separation was performed by gradient elution: 0–3 min 19%
A, 4 min 21% A, 5 min 26% A, 9 min 27% A, 12 min 32% A, 15 min 43% A,
17 min 60% A and 20 min 100% A, with a flow rate of 0.3 mL·min−1. The
injection volumes of the test sample solutions and the standard solution were
each 2 �L. Each wash cycle consisted of 200 �L of a strong solvent (acetoni-
trile/water, 8:2, v/v) and 600 �L of a weak wash solvent (acetonitrile/water,
2:8, v/v).

3.5. Data analysis

The similarity analysis (SA) of the fingerprints is one of the most important
aims in the quality control of traditional Chinese medicines. Data anal-
ysis was performed using the commercial software program “Similarity
Evaluation System for Chromatographic Fingerprinting of Traditional Chi-
nese Medicines” (Version 2004), which was recommended by the State
Food and Drug Administration (SFDA) of China. A simulated mean chro-
matogram was calculated and generated by this software, which represented
the standard fingerprint chromatograms for the Panacis Quinquefolii Radix
samples from different sources. The different chromatographic patterns for
all the tested samples were compared for their similarities with the standard
chromatograms.
Hierarchical-clustering analysis (HCA) is a multivariate analysis method
used for finding relatively homogeneous clusters in cases based on mea-
sured characteristics; its aim is to classify samples into groups. In this study,
the HCA of samples was performed using SPSS 16.0 software (SPSS,
Chicago, USA). Ward’s method was selected as the amalgamation rule,
and the squared Euclidean metric distance was used to establish clusters.
The results of this hierarchical clustering process were represented in a
dendrogram.
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