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Abstract

Ginseng has been used as a powder or a crude extract of the plant
roots. The quality control of commercial ginseng preparations is
difficult due to the diverse compounds present. Most previous
quality control methods using TLC or HPLC-UV (or -MS) cannot
be expected to cover a wide range of compounds in the commer-
cial ginseng preparations. In this study, the metabolic finger-
printing of ginseng preparations was performed by 'H-NMR
spectroscopy. Although "H -NMR spectroscopy could provide in-
formation about the total profile of the compounds present, low
resolution and overlapping signals make it difficult for further
identification of each compound. For overcoming the problem
two-dimensional J-resolved NMR spectra and multivariate data

analysis techniques was applied for the analysis. Principal com-
ponent analysis (PCA) of projected J-resolved NMR spectra shows
a clear discrimination among those samples by principal compo-
nent 1 and principal component 3. The loading plot of PC values
obtained from all NMR signals indicates that alanine, arginine,
choline, fumaric acid, inositol, sucrose as well as ginsenosides
are important metabolites to differentiate the preparations from
each other. This method allows an efficient discrimination of a
ginseng preparation in less than 15 minutes without any pre-
purification steps.

Key words
Ginseng - metabolic fingerprinting - NMR - J-resolved spectrum -
principal component analysis

Introduction

Ginseng (Araliaceae) has been used for more than two thousand
years as a medicinal herb because of its diverse biological activ-
ities. There are many pharmacological effects reported for gin-
seng. The most important activity is the adaptogenic effect. The
activities might be due to a corticosteroid-like action and endo-
crinological studies have suggested that ginsenosides may aug-
ment adrenal steroidogenesis via an indirect action on the pitui-
tary gland [1]. More than 4500 tons are produced per year for
commercial purposes at present [2].

There are several classes of compounds reported in ginseng root.
They include triterpene saponins, polyacetylenes, sesquiter-
penes, polysaccharides, peptidoglycans, nitrogen-containing
compounds, fatty acids, carbohydrates, and phenolic com-
pounds. The major constituents are triterpene saponins which
are believed to contribute to the pharmacological effects of gin-
seng. However, there is no report about one single compound ex-
plaining the diverse bioactivities of the ginseng although some
compounds are thought to be related to the activity. This fact
supports the use of ginseng as a powder or an extract of the plant
roots. The lack of knowledge on the active principles makes it dif-
ficult to control the quality of ginseng preparations. The variabil-
ity in the different commercial products results in inequivalance
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of the products, hampering studies on the efficacy of the medi-
cine. Consequently, it is an important issue to define and con-
trol the quality of the commercial products of this medicinal
plant.

There are a number of reports published about the analysis of
ginseng in the past 30 years. Most methods rely on microscopic
characteristics, thin-layer chromatography (TLC) [3], high-per-
formance liquid chromatography (HPLC) [4], [5], [6], [7], 8],
mass spectrometry (MS) [9], [10], [11], [12], and mass spectro-
metry connected with different chromatographic instruments;
GC/MS, [13], [14], LC/MS/MS [15], [16], [17]. In spite of these ef-
forts, there are still some limitations of these methods. The prob-
lem of conventional analytical methods is that they are limited to
a certain group of compounds (mainly to ginsenosides). How-
ever, other metabolites including phenolics, sugars, and amino
acids might also be important as a target of quality control be-
cause they can also contribute to the quality. An efficient method
based on metabolic fingerprinting to cover a broad range of me-
tabolites is undoubtedly needed for the quality control of gin-
seng.

The term “metabolome” has been used to describe the observa-
ble chemical profile or fingerprint of the metabolites in whole or-
ganisms or parts of them [18]. For the metabolic fingerprinting, it
is necessary to use analytical methods, which should be fast, re-
producible, and stable for a wide array of compounds. Nuclear
magnetic resonance (NMR) spectroscopy is one of the techniques
that could meet those requirements. Recently, 'H-NMR spectro-
scopy combined with principal component analysis (PCA) meth-
od has been utilized to differentiate several kinds of plants based
on metabolomes including Cannabis varieties [19], Strychnos
species [20], and Ilex species [21]. However, when applied to the
analysis of multicomponents such as in plant materials, one-di-
mensional '"H-NMR has the problem of overlapping and low re-
solution of signals. High resolution NMR can solve these prob-
lems. Also some two-dimensional NMR methods have been ex-
pected to increase the resolution. Recently two-dimensional
NMR has been shown to solve these problems to a great extent
[22]. Among the possible two-dimensional NMR methods, J-re-
solved spectra considerably increase the resolution of the signals
within a short time. Moreover, by projection to a spectral axis, all
protons will appear as singlets, simplifying the spectra of com-
plex plant extracts.

In this study, 'TH-NMR and J-resolved NMR spectroscopic meth-
ods coupled with PCA were applied to the metabolomic finger-
printing of three different commercial ginseng preparations and
four kinds of ginseng roots. An efficient screening method for
quality control of ginseng preparations is reported.

Materials and Methods

Materials

Four-, five-, and six-year-old white ginseng and four-year-old red
ginseng roots were obtained from Daedong (Kumsan, Korea).
Three different commercial ginseng capsules were purchased
from De Tuinen (Alkmaar, The Netherlands), Il Hwa (Seoul, Kor-
ea), and Indros B. V. (Almere, The Netherlands). Four samples

having different lot numbers were evaluated for each commer-
cial ginseng preparation.

Solvents and chemicals

D,0 (99.0%) and methanol-d4 (99.8 %) was obtained from Cam-
bridge Isotope Laboratories Inc. (Miami, FL, USA). Trimethyl-
silanepropionic acid sodium salt (TSP) and potassium dihydro-
gen phosphate (KH,PO,) were purchased from Merck (Darm-
stadt, Germany). NaOD was purchased from Cortec (Paris,
France). KH,PO, was added to D,0 as a buffering agent. The pH
of the D,0 was adjusted to 6.0 using a 1 N NaOD solution.

Extraction

Two hundred and fifty mg of powdered material from the cap-
sules and ground roots were transferred into a centrifuge tube.
Seven hundred and fifty uL of KH,PO, buffer in D,0 (with 0.1%
TSP) and 750 uL of methanol-d4 were added to the tube followed
by vortexing for 1 min and sonication for 20 min. The tube was
centrifuged at 3000 rpm for 20 min at 25 °C. The extract was
transferred into a microtube followed by centrifugation at
13000 rpm for 1 min. The supernatant (800 uL) was transferred
to a 5-mm NMR tube. For verifying recovery of metabolites the
first extracts were compared with the second and the third ex-
tracts using the same amount of solvents. The first extracts
showed more than 92.6(+2.5)% of recovery of metabolites based
on total 'H-NMR intensity.

NMR measurements

TH-NMR and J-resolved spectra were recorded at 25 °C on a 400
MHz Bruker AV-400 spectrometer operating at a proton NMR
frequency of 400.13 MHz. TSP was used as the internal standard.
Each "H-NMR spectrum consisted of 128 scans requiring 10 min
acquisition time with the following parameters: 0.25 Hz/point,
pulse width (PW) = 90° (6.6 usec), and relaxation delay (RD) =
5.0 sec. A presaturation sequence was used to suppress the resi-
dual water signal with low power selective irradiation at the wa-
ter frequency during the recycle delay. FIDs were Fourier trans-
formed with LB = 0.3 Hz and the spectra were zero-filled to 32
K points. The window functions have been optimized for the
analysis. The resulting spectra were manually phased and base-
line corrected, and calibrated to TSP at 6 = 0.0, all using XWIN
NMR (version 3.5, Bruker). Two-dimensional J-resolved '"H-NMR
spectra were acquired using 8 scans per 32 increments that were
collected into 16 K data points, using spectral widths of 5.208
kHz in F2 (chemical shift axis) and 50 Hz in F1 (spin-spin cou-
pling constant axis). An 1.0 sec relaxation delay was employed,
giving a total acquisition time of 14.52 min. Datasets were zero-
filled to 512 points in F1 and both dimensions were multiplied by
sine-bell functions prior to double complex FT. J-resolved spectra
tilted by 45° symmetrized about F1, and then calibrated, all
using XWIN NMR (version 3.5, Bruker). Data were exported as
the 1D projection (F2 axis) of the 2D J-resolved spectra. '"H-'H-
correlated spectroscopy (COSY) spectra were acquired with 1.0
sec relaxation delay, 4194 Hz spectral width in both dimensions.
The heteronuclear single quantum coherence (HSQC) spectra
were obtained with 1.0 sec relaxation delay, 4401 Hz spectral
width in F2 and 14500 Hz in F1. The heteronuclear multiple
bond correlation (HMBC) spectra were recorded with the same
parameters as the HSQC spectrum.
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Data analysis

The 'H-NMR and the J-resolved projection spectra were auto-
matically reduced to ASCII files using AMIX (v. 3.7, Bruker Bio-
spin). Spectral intensities were expressed as a percentage of TSP
area and reduced to integrated regions of equal width (0.04 ppm)
corresponding to the region of § = 0.40-10.00. The region of
6 = 4.70-5.10 was excluded from the analysis because of the re-
sidual signal of water. Principal component analyses (PCA) were
performed with the SIMCA-P software (v. 10.0, Umetrics, Umed,
Sweden).

Results and Discussion

It was found that 'TH-NMR is a quite attractive method for quality
control of plant metabolites, as it allows the recognition of a
broad metabolome, detecting diverse groups of compounds
such as amino acids, carbohydrates, organic acids, phenolics,
and terpenoids. Fig. 1A shows the TH-NMR spectrum of the meta-
bolome of a ginseng preparation.

Mono- or disaccharides such as sucrose, fructose, and glucose
were identified in the "H-NMR spectra. Signals at & = 5.40 (d,
J =38 Hz), §=5.18 (d, ] = 7.0 Hz), 6 = 4.60 (d, J = 8.0 Hz),
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Fig.1 "H-NMR spectrum of a ginseng preparation in the range of 5=
-0.5-9.0(A)and 6 = 4.0-6.0(B). 1; H-1 of sucrose, 2; H-1 of terminal
glucose in ginsenosides, 3; H-1 of a-glucose, 4; H-1 of B-glucose and
internal glucose in ginsenosides, 5; H-1 of fructofuran of sucrose, 6;
H-2 of inositol.
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6 =417 (d, ] = 10.7 Hz), and & = 4.03 (t, J = 8.4 Hz) were as-
signed to be anomeric protons of sucrose, a-glucose, p-glucose,
fructofuran moiety of sucrose, and inositol, respectively. Several
signals overlapped with o-glucose and -glucose were assigned
to be anomeric protons of terminal and internal glucose in ginse-
nosides or in polysaccharides (Fig.1B).

In the phenolic region (6 = 5.7-69.0), amino acids, fumaric acid,
nucleotides, and phenylpropanoids were detected at low levels.
NMR-based plant analysis typically employs one-dimensional
'TH-NMR methods to minimize sample acquisition times and
hence maximize throughput. However, the spectral congestion
of one-dimensional 'H-NMR limits the number of metabolites
which can be uniquely identified and quantified. For overcoming
this congestion, the J-resolved technique was applied to the anal-
ysis and definitely improved the resolution of the "TH-NMR spec-
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Fig.2 Two-dimensional J-resolved NMR spectrum of a preparation in
therange of 6 = 6.0-9.0 (A) and 6 = 4.0-6.0 (B). 1; H-2 of adenosine
monophosphate, 2; H-2 of adenosine, 3; H-7 of adenosine monophos-
phate, 4; H-7 of adenosine, 5; H-6 of uracil, 6; H-6 of cytosine, 7; aro-
matic protons of phenyl alanine, 8; H-5 and H-9 of tyrosine, 9; H-6 and
H-8 of tyrosine, 10 H-2 of fumaric acid, 11; H-8 of phenylpropanoids,
12; H-5 of uracil, 13; H-5 of cytosine, 14; H-3 of malic acid, 15; H-3" of
malic acid, 16; H-2 of succinic acid, 17; H-3 of glutamine, 18; H-3 of
glutamic acid, 19; H-3 of proline, 20; H-2 of y-amino butyric acid, 21;
H-2 of glutamine and glutamic acid, 22; H-4 and H-5 of proline, 23; H-3
of arginine, 24; H-26 and H-27 of protopanaxdiol and protopanaxtriol,
25; H-3 of alanine, 26; H-5 of threonine, 27; H-3 and H-21 of protopa-
naxdiol and protopanaxtriol, 28; H-4 and H-5 of valine, 29; H-5 and H-6
of leucine, 30; H-18, H-19, H-28, H-29, and H-30 of protopanaxdiol and
protopanaxtriol.
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tra. Fig. 2A shows the signals obtained from J-resolved spectra.
Using this spectrum together with the "H-'H-COSY spectrum
adenosine monophosphate at § = 8.47 (H-2, s) and 6 = 8.22 (H-
7,s), adenosine at § = 8.32 (H-2,s)and § = 8.21 (H-7, s), uracil at
6 =792 (H-6,d,] = 8.5Hz)and 6 = 5.84 (H-5,d,] = 8.5Hz),and
cytisine at 6 = 7.51 (H-6, d, J = 8.5 Hz) and 6 = 5.73 (H-5, d,
J = 8.5 Hz) were identified. In addition to these nucleotides, phe-
nylalanine at § = 7.3-7.5 (m); tyrosine at § = 7.20 (H-6 and H-8,
d,J] = 85Hz)and at § = 6.89 (H-5 and H-7,d,J = 8.5 Hz); fuma-
ric acid at 6 = 6.56 (H-2, s); and ferulic acid at § = 6.4 - 6.5 (H-8,
d,J = 15.6 Hz) were identified.

Methyl protons of ginsenosides were detected in the crowded re-
gion of 6 = 0.7 - 1.8. These methyl signals cannot be properly as-
signed in the TH-NMR due to the high level of amino acids. The J-
resolved spectrum shows good resolution of the methyl signals
and the interfering amino acid signals (Fig. 2B). H-26 and H-27
of protopanaxdiol or protopanaxtriol were identified at § = 1.70
and § = 1.63 as singlets, respectively. The assignments were con-
firmed by the HMBC spectrum in which H-26 and H-27 correlat-
ed with C-24 at § = 127.5 and C-25 at § = 134.4. The clusters of
singlets in the region of 6 = 1.2 and 6 1.3 were also assigned to be
H-21, H-28, and H-29 of ginsenosides because the correlations
with oxygen-substituted carbons such as C-3 and C-20
(6 = 80-90) are clearly detected in the HMBC spectrum. The
other methyl signals of ginsenosides such as H-18, H-19, H-28,
H-29, and H-30 were identified as singlets at § = 0.8 -1.0. Acet-
ate signals, e.g., from ginsenosides containing acyl sugars were
detected at § = 1.95 (s) having a correlation with § = 182.1 in
the HMBC spectrum.

Several aliphatic amino acids including alanine, y-aminobutyric
acid, arginine, glutamic acid, glutamine, proline, threonine, and
valine were identified as major compounds in the ginseng pre-
parations evaluated in this study using J-resolved and 'H-'H-
COSY spectra (Fig. 2B). Multiplets at § = 2.47, 6 = 2.45, 6 = 2.36,
6= 213,86 = 2.04,and 6 = 1.91 were assigned to be H-3 of gluta-
mine, H-3 of glutamic acid, H-3 of proline, H-2 of glutamine and
glutamic acid, H-4 and H-5 of proline, and H-3 of arginine,
respectively. A triplet at § = 2.32 (J = 7.5 Hz) was assigned to H-
2 of y-aminobutyric acid. Methyl signals of alanine, threonine,
valine, and leucine were detected at § = 148 (d, | = 7.2 Hz),
§=1.36(d,J=72Hz),5=104(dJ=6.7Hz),s=101(d,
J =6.7Hz),5=098(d,J = 6.7Hz),and § = 0.96 (d, ] = 6.7 Hz).
N-methyl signals of choline were detected at § = 3.22 (s). Low
levels of malic acid at 6 = 2.95 (H-3, dd, J = 6.6 Hz, H-4.7 Hz)
and § = 2.81 (H-3", dd, J = 16.6 Hz, H-4.7 Hz) and succinic acid
6 = 2.75 (H-2, s) were also identified in the region of § 2.5 -3.0.

After the assignments of the NMR spectra allowing the identifi-
cation of a wide array of compounds, a chemical classification of
seven kinds of ginseng preparations (four kinds of ginseng roots
and three kinds of commercial preparations) was performed by
multivariate data analysis.

Prior to PCA analysis, projected J-resolved spectra were prepared
from 2D-J-resolved spectra in order to reduce the complexity of
TH-NMR spectra (Fig. 3). As all protons ideally appear as a singlet
in the J-resolved spectra using the projected spectrum on the
axis of chemical shift (like 3C-NMR spectra showing a fully H de-
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Fig.3 'H-NMR (A), 2D J-resolved (B), and projected 1D J-resolved (C)

spectrum of a ginseng preparation in the range of 6 = -0.5-9.0.

coupled spectrum) it becomes less complex. The degree of spec-
tral complexity in the projected J-resolved spectrum is signifi-
cantly reduced compared to the true 1D dataset. Moreover, this
enhanced resolution made it possible to directly compare or
match the spectra obtained from different samples. We applied
this enhanced resolution obtained from the projected J-resolved
spectra to discrimination of the ginseng preparations based on
chemical fingerprints obtained from the NMR spectra.

Three kinds of white ginseng roots (4, 5, and 6 years old), 4-year-
old red ginseng root, and three kinds of ginseng preparations
were analyzed by NMR combined with PCA. For the data set ac-
quired from the analysis, a seventeen-component model ex-
plained more than 99.0% of the variance, with the first three
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components explaining 80.2%. The commercial samples (1-3)
evaluated in study are close to 5- and 6-year-old white ginseng
and clearly separated from 4-year-old white and red ginsengs
(Fig. 4).

5. B .8

PC3 (10.5%)
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FC1 (47.8%)

Fig.4 Score plot of principal component analysis of ginseng prepara-
tions using PC1 vs. PC3 (B). 1-3; commercial ginseng preparations, 4;
4-year-old white ginseng root, 5; 5-year-old white ginseng root, 6; 6-
year-old white ginseng root, 7; 4-year-old red ginseng root.
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Fig.5 Score plot of principal component analysis of ginseng prepara-
tions using PC1 vs. PC2 (A) and PC1 vs. PC3 (B). 1-3; commercial gin-
seng preparations.
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However, a large number of ginseng roots from diverse source
(e.g., harvesting region and season) are needed in order to draw
a final conclusion about the source material of the ginseng com-
mercials. The aim of this study is to evaluate the feasibility of
NMR as an alternative quality control method for ginseng. Thus,
PCA was performed for only ginseng commercial products in or-
der to investigate the metabolic differentiation of the commer-
cial preparations in more detail.

Examination of the scores plot for PC1 vs. PC2 obtained from the
projected J-resolved spectra shows that sample 2 is clearly sep-
arated from samples 1 and 3 (Fig. 5A). The separation of sample
2 from the others is influenced by PC1. The high level of alanine,
fumaric acid, inositol, and sucrose characterize the sample 2
(Fig. 6A) while arginine is detected at higher levels in samples 1
and 3. The acetate signal at § = 1.92 also determines the separa-
tion of sample 2. Intriguingly, whereas PC1 influences the se-
paration between different samples, PC2 affects differentiation
within samples. Different batches of the same samples are clear-
ly separated by PC2. In the loading plot, alanine, arginine, inosi-
tol, and sucrose were found to be the major compounds explain-
ing PC2 (Fig. 6A). The lack of separation of samples 1 and 3 was
solved using another principal component, PC3. In Fig. 5B, all of
products evaluated in this study can be clearly separated by PC1
and PC3. Major NMR signals explaining PC3 were found to be
methyl and anomeric signals of ginsenosides (Fig. 6B). Higher in-
tensities of H-26 and H-27 at § = 1.70-1.63, H-21, H-28, and H-
29 at § = 1.2-1.3, and H-18, H-19, H-28, H-29, and H-30 in
6 = 0.8-1.0 were detected in sample 3. However, in the contrast
to the methyl signals of ginsenosides, the anomeric signals are
higher in sample 1 compared to sample 3. The anomeric signals
at 6 = 5.40-4.50 might belong to oligo- or polysaccharides of
ginseng. Ginseng contains about 5% of a sugar fraction, which
comprises two monosaccharides, p-glucose and p-fructose, two
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Fig.6 Loading plot of principal component analysis of ginseng pre-
parations. PC1 and PC2 (A) and PC3 (B). 1; alanine, 2; arginine, 3; fuma-
ric acid, 4; inositol, 5; sucrose, 6; acetate, 7; anomeric protons of su-
gars; 8; methyl protons of saponins.
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disaccharides, sucrose and maltose, and three trisaccharides,
maltosyl-B-o-fructofuranose, O-a-p-glucopyranosyl(1-2)-0-3-
p-fructofuranosyl(1—2)-B-o-fructofuranose, and O-o-p-glucopyr-
anosyl(1—6)-0-o-p-glucopyranosyl(1—4)-a-p-glucopyranose [23].
In addition to these oligosaccharides, a number of glycans named
panaxans have been isolated. Most of these glycans contain the
o-1—6 linked p-glucopyranose residue [24], [25]. Based on these
previous reports and our PCA results we thus conclude that sam-
ple 1 probably contains more carbohydrates and less saponins
than sample 3.

In conclusion, "H-NMR and J-resolved NMR spectroscopic meth-
ods coupled with PCA were applied to performing the metabolo-
mic fingerprinting of ginseng preparations. It is a highly efficient
screening method for quality control of ginseng preparations al-
though there are some limitations such as difficulty to differenti-
ate individual ginsenosides. Among the possible NMR methods J-
resolved NMR spectra considerably improve the resolution of the
complex spectra. Analyzing the spectral data with PCA the sam-
ples can be clearly distinguished in the score plot, especially by
PC1 and PC3. According to the PCA results obtained in this study,
the analysis can be an efficient way to evaluate the difference be-
tween different commercial products and to be a fast screening
for quality control. It allows determination of the differences of
total compounds of commercial preparations. Based on these re-
sults, this method combining 2D J-resolved NMR spectra with
PCA seems very promising for quality control of other herb med-
icinal products.
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