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Abstract — The root of Astragalus membranaceus is a traditional folk medicine that has been used for many
therapeutic purposes in Asia. It reportedly acts as an immunostimulant, tonic, hepatoprotective, diuretic,
antidiabetic, analgesic, expectorant, sedative, and anticancer drug. In this study, metabolomic profiling was
applied to the roots of A. membranaceus of different ages using NMR coupled with two multivariate statistical
analysis methods: such as principal components analysis (PCA) and canonical discriminant analysis (CDA).
This allowed various metabolites to be assigned in NMR spectra, including y-aminobutyric acid (GABA),
aspartic acid, succinic acid, glutamic acid, glutamine, N-acetyl aspartic acid, acetic acid, arginine, alanine,
threonine, lactic acid, and valine. The score plot from PCA and also CDA allowed a clear separation between
samples according to age.
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INTRODUCTION

The root of Astragalus membranaceus, which belongs to
the Leguminosae family, is a traditional folk medicine that
has been used for many therapeutic purposes in the Asia in-
cluding in China, Japan, Korea, Mongolia and Siberia
(Chang et al., 1987). It has been shown to be an im-
munostimulant, tonic, hepatoprotective, diuretic, antidia-
betic, analgesic, expectorant, sedative, and anticancer drug
(Wu et al,, 2005). The main constituents of A. membra-
naceus root are polysaccharides, saponins, flavonoids, ami-
no acids, and y-aminobutyric acid (GABA) (Ma et al., 2002;
Shao et al., 2004). Astragaloside IV is used as a marker for
quality control and is reportedly an important component re-
sponsible for the proliferation of T and B lymphocytes and
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antibody production both in vivo and in vitro. Also, iso-
flavonoids are considered useful as marker compounds for
standardizing A. membranaceus (Wu et al., 2005).
However, A. membranaceus roots of different ages can-
not be reliably discriminated using classical methods such
as capillary electrophoresis and near-infrared spectroscopy.
Ma et al. reported that the total isoflavonoids content of A.
membranaceus roots cultivated in China was higher in
3-year-old samples than in 4-year-old samples, whereas the
average content of astragaloside | was higher in the older
samples (Ma et al., 2002). However, these results were ob-
tained by targeted analysis using high performance liquid
chromatography, and the reliable differentiation of A. mem-
branaceus roots requires a systemic method that includes
consideration of a variety of metabolites. The term “metabo-
lome” has been used to describe the observable chemical
profile or fingerprint of the metabolites in whole tissues (Ott
et al., 2003). To obtain the most complete metabolomic pro-
file, it is desirable to use a wide spectrum of analytical tech-
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niques that are rapid, reproducible and temporally stable,
and require only a very simple sample preparation. NMR is
a technique that meets these requirements (Pauli, 2001),
and has recently been combined with principal components
analysis (PCA) for the metabolomic profiling of several
types of plants and plant functional genomics (Belton et al.,
1998; Fiehn et al., 2000; Raamsdonk et al., 2001; Choi et
al., 2004; Krishnan et al., 2004). The combined NMR and
PCA method has also been used as a fingerprinting tool for
the interpretation and quality assessment of both industrial
and natural products (Bailey et al., 2000; Sobolev et al.,
2003; Le Gall et al., 2004). Moreover, canonical discrim-
inant analysis (CDA) has been used to classify various natu-
ral resources such as honey, ginseng, and olive oils (Nozal
et al., 2005; Shin et al., 2007; Petrakis et al., 2008). Here we
report the fingerprinting analysis of A. membranaceus roots
of various ages using a "HNMR spectroscopic method cou-
pled with PCA and CDA.

MATERIALS AND METHODS

Plant materials

The roots of A. membranaceus at different ages (1-, 2-, 3-
and 4-year-old), which were harvested in Jeongseon, Gang-
won-do, Korea, were purchased from Jeongseon Medicine
Herbal Association at March of 2006 for this experiment.
The root samples were confirmed by Dr. Jung-Sook Sung of
National Institute of Horticultural & Herbal Science, and the
voucher specimens were deposited at the herbarium of
College of Pharmacy, Chung-Ang University.

Reagents

Methanol-d4 (99.8%) was purchased from Cambridge
Isotope Laboratories (Miami, FL, USA) and DO (99.0%)
was purchased from Sigma (St. Louis, MO, USA).

Extraction

To investigate the individual variability of root samples,
20 different root samples per each age of A. membranaceus
were freeze-dried and grinded to a fine powder in a pestle
and mortar, respectively, and then stored at —80°C until
analyzed. Freeze-dried materials (50 mg) were weighed in-
to an autoclaved 1.5 ml eppendorf tube. D,O:CDs0D (1 ml,
80:20) containing 0.05 % (w/v) TSP-d4 (sodium salt of tri-
methysilypropionic acid) added to each sample. The con-
tents of the tube were mixed thoroughly and sonicated at
40°C for 10 min. After cooling, the samples were centrifuged
at 1,000xg in a micro-centrifuge for 5 min. The supernatant
was transferred to a 5-mm NMR tube. For verifying recovery
of metabolites the first extracts were compared with the sec-

ond and the third extracts using the same amount of
solvents. The first extracts showed more than 92.9 (+ 2.6%)
of recovery of metabolites based on total "H-NMR intensity.

NMR measurements and data analysis

H NMR spectra were recorded at 25°C on a 500 MHz
Varian Unity 500 spectrometer operating at a 'H NMR fre-
quency of 500.202 MHz. Prior to Fourier transformation, ex-
ponential multiplication (LB with 0.5 Hz) and linear pre-
diction were performed to each FID and each spectrum was
auto-phased and spectrum averaging baseline corrected
(box width: 16, noise factor: 5). TSP was used as a refer-
ence for chemical shift (0.00 ppm). The processing of each
spectrum was carried out using ACD NMR processor (ver.
7.0, Advanced Chemistry Development, Inc., Canada) and
saved as ASCII files. Spectral intensities were scaled to
TSP-ds, and the spectral region 8=0.52-10.00 was seg-
mented into regions of 0.04 ppm width. Peak alignment was
performed using SpecAlign (1.2.1). The four regions 6 —0.52
-50.7 and 64.80 - 65.10 were excluded from the analysis be-
cause of the residual signal of TSP and water, respectively.
The remaining regions were normalized to the whole spec-
trum for PCA. All spectral data were mean centered with
scaled to unit variance, then analyzed by PCA based on
correlation matrix. PCA and CDA were performed with
SPSS program (Version 3.13, Kovach Computing Services,
United Kingdom).

RESULTS AND DISCUSSION

As shown in the representative 'H NMR spectrum of
D,0O:CDs0D (80:20) extracts of A. membranaceus root in
Fig. 1, various peaks were detected in the aliphatic, carbo-
hydrate, and phenolic regions of 'H NMR spectra without
any chromatographic separation. Mono- or disaccharides
such as sucrose, maltose, and glucose were identified in the
carbohydrate region (6=3.1-6.0) of the 'HNMR spectra. The
signals at 6=5.42, 5=5.35, 8=5.20, 6=4.61, 5=4.17, and
6=4.13 were assigned as anomeric protons of sucrose, mal-
tose, a-glucose, B-glucose, and fructofuran moiety of su-
crose, respectively, in accordance with spectral data in the
literature (Choi et al., 2004). The signals of several amino
acids observed in this region were assigned to N-acetyl as-
partic acid (6=4.30), aspartic acid (6=3.97), glutamic acid
(6=3.74), glutamine (6=3.72), and taurine (6=3.51) (Fig. 1B).
In the phenolic region (6=6.0-10.0), fumaric acid was de-
tected at 6=6.56 at a low level (Fig. 1C). Several com-
pounds in the aliphatic region including GABA, aspartic
acid, succinic acid, glutamic acid, glutamine, N-acetyl as-
partic acid, acetic acid, arginine, alanine, threonine, and va-
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Fig. 1. 'H NMR spectra of the aliphatic region (0.7-3.2 ppm, A),
sugar region (3.2-6.0 ppm, B), and aromatic region (6.0-10.0
ppm, C) of D,O:CD3;0D (80:20) extracts of A. membranaceus
roots of different ages.

line were also identified with signals at 6=3.01 (), 6=
2.82-2.96 (dd), 6=2.46 (s), 6=2.28 (m), 6=1.94-2.24 (m), 6=
1.93 (s), 8=1.91 (s), 8=1.66-1.74 (m), 5=1.46 (d), 5=1.32 (d),
and 6=1.04 (m), respectively, based on spectral data in the
literature (Le Gall et al., 2004).

To ensure the objective interpretation of the results, the
samples were analyzed using PCA and CDA. PCA is an un-
supervised clustering method that does not require any
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Fig. 2. PCA-derived score plots of all regions of the 1H NMR
spectra of D,O:CD3;0OD (80:20) extracts of the A. membra-
naceus roots of different ages. (A) PC1 vs PC2, (B) PC2 vs
PC3, (C) PC1 vs PC3.

knowledge of the data set and reduces the dimensionality of
multivariate data while preserving most of the variance
therein (Eriksson et al., 2001). For reliable and easy com-
parison of the metabolomic profiling, a large 'H NMR data
set obtained in the presence of numerous metabolites can
be reduced to PC1, PC2, or PC3 using PCA. Application of
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PCA to the 'H NMR spectra resulted in a clear separation
between 1-year and 2-year samples, but the separation be-
tween 3-year and 4-year samples was not clear in score
plots of PC1 versus PC2, which accounted for 88.5% of the
total variance. However, the 3-year and 4-year samples
were separated more clearly in the score plots of PC1 ver-
sus PC3, accounting for 85.5% of the total variance (Fig. 2).
This indicates that PCA is an ideal method for differentiating
A. membranaceus roots of different ages based on NMR
fingerprinting.

For a data set comprising n observations on each of N
variables, CDA takes the N variables in the original data set
and creates a new set of variables. Each new variable is a
linear function (called the canonical discriminant function) of
the original variables, and the discriminant function can be
used to calculate a set of n discriminant scores for each dis-
criminant function. For any particular discriminant function,
the correlations between the n observations for each of the
N original variables and the n discriminant scores (often
termed the canonical structure) can be used to interpret the
features of the data set described by a particular discrim-
inant function (Mattew et al., 1994). The essential difference
between CDA and PCA is that PCA - unless it is specifically
manipulated to do so - does not partition the data matrix to
account for the design structure of a particular experiment.
Instead, PCA maximizes the proportion of the total variance
of the data set expressed by successive principal com-
ponents. That is, each set of n principal component scores
exhibits the maximum possible variation among the n ob-
servations, for a linear function of the N variables in the data
set. As a supervised method, CDA identified the 1-, 2-, 3-,
and 4-year-old A. membranaceus roots with 100% discrim-
ination accuracy based on NMR data (Table I).

Table |. Posterior accuracy of classification by CDA of NMR
data of D,0O:CDs0D (80:20) extracts of A. membranaceus roots
showing that 100% of cross-validation grouped cases correctly
classified (CV: cross validation)

Predicted group membership

Group
1year 2years 3years 4years Total
Ccv
Frequency
1 year 20 0 0 0 20
2 year 0 20 0 0 20
3 year 0 0 20 0 20
4 year 0 0 0 20 20
Percentage
1 year 100 0 0 0 100
2 year 0 100 0 0 100
3 year 0 0 100 0 100
4 year 0 0 0 100 100

The presented results indicate that combining 'H NMR
with PCA and CDA is a very promising tool for the authenti-
cation and quality control of A. membranaceus roots of dif-
ferent ages. We plan to investigate the specific metabolite
markers of A. membranaceus roots at different ages by ap-
plying loading plot analysis to NMR data or using GC-MS
and LC-MS techniques coupled with multivariate statistical
analysis methods.
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