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a b s t r a c t

The metabolic profiles of Panax notoginseng and its associated therapeutic values are critically affected by
the duration of steaming. The time-dependent steaming effect of P. notoginseng is not well-characterized
and there is also no official guideline on its duration of steaming. In this paper, a UHPLC/TOFMS-based
metabolomic platform was developed for the qualitative profiling of multiparametric metabolic changes
of raw P. notoginseng during the steaming process. Our method was successful in discriminating the
differentially processed herbs. Both the unsupervised principal component analysis (PCA) score plot
(R2X = 0.664, Q2 (cum) = 0.622, and PCs = 2) and the supervised partial least square-data analysis (PLS-DA)

2 2 2
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model (R X = 0.708, R Y = 0.461, and Q Y = 0.271) demonstrated strong classification and clear trajectory
patterns with regard to the duration of steaming. The PLS-DA model was validated for its robustness
via a prediction set, confirming that the UHPLC/TOFMS metabolic profiles of the raw and differentially
steamed P. notoginseng samples were highly reproducible. Based on our method, the minimum dura-
tions of steaming for the maximum production of bioactive ginsenosides such as Rg3 and Rh2 were also
predicted. Our novel time-dependent metabolic profiling approach represents the paradigm shift in the

insen
quality control of P. notog

. Introduction

Panax notoginseng (Burk.) F.H. Chen (commonly known as Tianqi
r Sanqi) is a highly valuable and important Chinese medicinal
erb cultivated mainly in Yunnan Province, China. Extensive phy-
ochemical and pharmacological studies on P. notoginseng have
een reported. The constituents of P. notoginseng consist of var-

ous saponins, amino acids, polysaccharides and flavonoids [1].
he dammarane-type saponins, which include ginsenosides and
otoginsenosides, account for 12% of the total root contents [1].
hese are the main bioactive components of the herb, contribut-
ng to its pharmacological activities [2]. To date, a total of 56
ammarane-type saponins have been isolated and characterized
3] most of which have been proven to be bioactive for the preven-

ion and treatment of cardiovascular and cerebrovascular diseases,
mmunoregulation, hepatoprotection and anti-carcinogenesis [2].

Two different forms of P. notoginseng are available, namely,
he raw and steamed forms [1]. These two forms have different
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clinical indications due to their different pharmacological activi-
ties. The raw form of P. notoginseng is known for its hemostatic
and cardiovascular properties to arrest various internal or external
hemorrhage, eliminate blood stasis, improve blood circulation, dis-
perse bruises, reduce swelling and pain [4]. However, the steamed
form has been claimed to be a tonic used to nourish blood and
increase production of various blood cells in anaemic conditions
[4]. As the raw and steamed forms of P. notoginseng have different
pharmacological actions, it is pertinent to administer the correct
form of herb to avoid any undesirable consequences. Therefore, it
is of paramount importance to characterize the raw and steamed
forms of P. notoginseng.

Metabolites are the end products of cellular regulatory pro-
cesses, and their fluxes and levels can be regarded as the ultimate
response of biological systems to respond to genetic or envi-
ronmental changes. Therefore, metabolomics has emerged as a
valuable technology for the comprehensive profiling and compar-
ison of metabolites [5]. The curative effects of Traditional Chinese
Medicine (TCM) are principally based on the synergic effect of

their multi-targeting, multi-ingredient preparations, in contrast
to modern pharmacology and drug development that often focus
on a single chemical entity [6]. Therefore, the method employ-
ing a few markers or pharmacologically active constituents to
assess the quality and authenticity of the complex preparations

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:phakohhl@nus.edu.sg
mailto:phaccye@nus.edu.sg
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as a number of severe challenges. Currently, quality consistency
valuation of TCM products or herbal medicines based on simi-
arities among chromatograms is extensively used [7]. But, very
ittle efforts have been paid in interpreting or understanding of
he differences in the chromatograms for the purpose of qual-
ty control [7]. Metabolomics enables comprehensive assessment
f complex TCMs or herbal remedies and sample classification of
iverse biological status, origin or quality in samples, by means of
hemometrics, such as principal component analysis (PCA). Some
xamples of the applications of metabolomics in the quality control
f herbal remedies or TCM include differentiation between differ-
nt parts of herb such as P. notoginseng [3], quality assessment
nd authentication of herbs such as Atractylis chinensis DC [8], and
onitoring of batch-to-batch or manufacturer-to-manufacturer

ifferences for product such as Liuwei Dihuang Pills [9].
In our previous work [10], a UHPLC/TOFMS-based metabolomic

latform was developed for the profiling of both raw and steamed
. notoginseng. Our method measures qualitatively multiparametric
etabolic responses of raw P. notoginseng to the steaming process

nd discriminates the differentially processed herbs. Although P.
otoginseng is a well-known Chinese herbal medicine, its associ-
ted time-dependent steaming effect is not well-characterized. As
he duration of steaming affects the metabolic profiles of P. notogin-
eng and its associated therapeutic effects, it becomes important to
haracterize the metabolic changes related to the different hours
f steaming. To the best of our knowledge, there is also no offi-
ial guideline on the duration of steaming of P. notoginseng. In
he present study, the time-dependent metabolic changes of P.
otoginseng when it is subjected to different hours of steaming
ere investigated. With the developed UHPLC/TOFMS method, the
etabolic profiles of the raw and the differentially steamed sam-

les are acquired and compared using multivariate data analysis.
his novel study is important to address the current gap in cor-
elating the herbal contents with the duration of steaming of P.
otoginseng.

. Experimental

.1. Materials and reagents

Leucine enkephalin and formic acid were purchased from
igma–Aldrich (St. Louis, MO, USA). Acetonitrile (HPLC grade) was
urchased from Merck (Rahway, NJ, USA). Methanol (HPLC grade)
as purchased from Fisher Scientific (Pittsburgh, PA, USA). Dis-

illed water was purified ‘in-house’ using a MilliQ system (Millipore,
edford, MA, USA). Ginsenosides Rg1, Rb1, Rc, Rd and Re were
urchased from Indofine Chemical Company (Somerville, NJ, USA).
otoginsenoside R1 was purchased from National Institute for the
ontrol of Pharmaceutical and Biological Products (Beijing, China).
g3 was purchased from Chroma Dex Inc. (Irvine, CA, USA). Rh1,
h2 and Rg2 were purchased from Delta Information Centre for
atural Organic Compounds (Anhui, China). The raw P. notoginseng

oot was obtained as a single batch from one Chinese medical shop
n Singapore. All other chemicals used were of analytical grade.

.2. Sample preparation

Samples of the powdered raw P. notoginseng root were steamed
t 120 ◦C using an autoclave (Hirayama, Japan) for different time
eriods. The first batch (batch 1) of the P. notoginseng powder was

teamed for 1, 2, 4, 6, 9, 12, 15 and 24 h while the second batch
batch 2) was steamed for 2, 6, 9, 12 and 15 h. The steamed pow-
er was then dried in a vacuum oven at about 80 ◦C until constant
eight and extracted using the method as described [10]. 10 mL

f 70% methanol was added to 1 g of the powdered sample of raw
Biomedical Analysis 52 (2010) 43–50

P. notoginseng root. The suspension was mixed for 20 min using
an ultrasonicator (230 V, Branson model 5510, Danburry, CT, USA)
and filtered. This extraction was repeated two additional times. The
combined filtrate was evaporated to dryness in vacuo. The residue
was then dissolved in 5 mL of 70% methanol. All extracted sam-
ples were further diluted 100-fold with 50% methanol (v/v). The
diluted samples were centrifuged at 14,000 rpm for 10 min and
2 �L of the supernatant was injected for UHPLC/TOFMS analysis.
For each batch, six individual extractions were performed on the
raw and steamed samples to generate six replicates each of the
raw and steamed extracts.

2.3. Ultra-high performance liquid
chromatography/time-of-flight mass spectrometry
(UHPLC/TOFMS)

All samples were analyzed using an ACQUITY UPLC system
(Waters Corp., Milford, MA, USA) interfaced with a quadrupole
orthogonal acceleration time-of-flight tandem mass spectrome-
ter (QTOFMS) equipped with ESI source (Q-Tof PremierTM, Waters,
Manchester, UK). The UHPLC/TOFMS system was controlled
by MassLynx 4.1 software (Waters, UK). The chromatographic
separation was performed on an ACQUITY BEH C18 1.7 �m
100 mm × 2.1 mm i.d. column (Waters, UK). The mobile phases
consisted of solvent A (0.1% formic acid in water, v/v) and sol-
vent B (0.1% formic acid in acetonitrile, v/v). The optimized UHPLC
elution conditions were: 0–0.2 min, 2% B; 0.2–2.0 min, 2–30% B;
2.0–4.7 min, 30–60% B; 4.7–6.5 min, 60–80% B; 6.5–8.3 min, 80–90%
B; 8.3–9.5 min, 98% B and 9.5–10.0 min, 2% B. The flow rate was
0.5 mL/min. The column and autosampler were maintained at 45
and 15 ◦C, respectively. Each wash cycle consisted of 200 �L of
strong solvent (95% methanol, v/v) and 600 �L of weak wash sol-
vent (10% methanol, v/v).

The TOFMS system was tuned for optimal sensitivity and resolu-
tion in electrospray negative ionization mode (ESI−) using leucine
enkephalin (50 pg/�L infused at 5 �L/min). The TOFMS was oper-
ated in the ‘W’ mode and tuned using the standard compound
ginsenoside Rg1. The optimized MS conditions were as followed:
capillary voltage 3.1 kV, sampling cone voltage 45 V, extraction
cone voltage 4.5 V, ion guide 3.0 V, desolvation temperature 350 ◦C,
source temperature 120 ◦C, cone gas flow 0 L/h, desolvation gas
flow 700 L/h, collision energy 5 eV, MCP detector voltage 1800 V,
pusher voltage 938 V, pusher voltage offset −2.00 V and puller volt-
age 670 V. The analyzed mass range was 400–1500 Da and centroid
data were acquired with a 0.1 s scan time and a 0.01 s interscan
delay. Prior to analysis, the system was calibrated routinely using
sodium formate solution infused at a flow rate of 5 �L/min. All anal-
yses were acquired using an independent LockSprayTM interface
to ensure high mass accuracy and precision. The [M−H]+ ion of
leucine-enkephalin (2 ng/�L infused at 3 �L/min) was used as a
reference lock mass (m/z 554.2615). The LockSprayTM was oper-
ated at a reference scan frequency, a reference cone voltage and
collision energy of 10 s, 35 V and 5 eV, respectively. Dynamic range
enhancement (DRETM) was applied throughout the MS experi-
ment to ensure accurate mass measurement over a wider dynamic
range.

2.4. Method validation

A standard mixture containing ginsenosides Rb1, Rb2, Rc, Rd,
Re, Rg1, Rg2, Rg3, Rh1, Rh2 and notoginsenoside R1 was prepared

in 50% (v/v) methanol. This standard mixture was used during
UHPLC/TOFMS method development/validation and in the actual
analysis where it is injected once after every ten extracted sam-
ples (2 �L each time) to monitor the retention time variation and
mass accuracy. Likewise, blank sample consisting of 50% methanol
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2 �L) was injected routinely using the same sequence to monitor
nter-sample cross-over effect.

.5. Multivariate data analyses

The ESI− raw data were analyzed by the MarkerLynx appli-
ations manager version 4.1 (Waters, UK). The parameters used
ere RT range 2–8 min, mass range 400–1400 Da, mass tolerance

.01 Da, internal standard detection parameters were deselected
or peak retention time alignment, noise elimination level was set
t 7.00, intensity threshold 10 counts, mass window 0.05, RT win-
ow 0.05. MarkerLynx uses ApexTrackTM peak integration to detect
hromatographic peaks. No specific mass or adduct was excluded.
list of the intensities of the peaks detected was generated using

etention time (RT) and m/z data pairs. An arbitrary ID was assigned
o each of these RT–m/z pairs in the order of their UHPLC elution (i.e.
, 2, 3, 4, etc.) for data alignment. The process was repeated for each
un until the final sample. For each sample, the correct peak inten-
ity data for each RT–m/z pair was aligned in the final data table.
ons of different samples were considered to be the same ion when
hey demonstrated the same RT (tolerance of 0.05 min) and m/z
alue (tolerance of 0.01 Da). If a peak was not detected in the sam-
le, the ion intensity was documented as zero in the final data table.
he ion intensities for each detected peak were normalized against
he sum of the peak intensities within that sample using Mark-
rLynx. The resulting three-dimensional data comprising of peak
umber (RT–m/z pair), sample name (observations), and ion inten-
ity were analyzed by unsupervised principal component analysis
PCA) and supervised partial least square-discriminant analysis
PLS-DA) SIMCA-P+ software (Umetrics AB, Umea, Sweden). All
ariables were pareto-scaled prior to analyses. In our study, the
atch 1 data set was visualized by unsupervised PCA to check for
utliers and classification trends among the raw and differentially
teamed (1, 2, 4, 6, 9, 12, 15 and 24 h) P. notoginseng samples. The
atch 1 raw and steamed samples (1, 2, 4, 6, 9, 12, 15 and 24 h)
ere utilized subsequently to build the PLS-DA model while batch
raw and steamed samples (2, 6, 9, 12 and 15 h) were used as the

xternal validation or prediction set to cross-validate the PLS-DA
odel.

.6. Univariate data analyses

Therapeutically important marker ginsenosides that con-
ributed significantly to the clustering of observations were further
ubjected to univariate statistical analyses. Statistical differences
etween time points for the steamed samples (batch 1) were com-
ared against the raw samples (control) using repeated measure for
ne-way analysis of variance (ANOVA) and Bonferroni post-tests
GraphPad Prism 4, San Diego, CA, USA). Statistical significance was
stablished when p < 0.05.

. Results and discussion

.1. Ultra-high performance liquid
hromatography/time-of-flight mass spectrometry
UHPLC/TOFMS)

It was reported in earlier studies that 14 saponins were iden-
ified in raw and steamed P. notoginseng using a 80 min analysis

ethod [1] while 9 saponins were detected within a 50 min anal-
sis [11]. In our previous study, a 12 min UHPLC/TOFMS metabolic

rofiling assay was reported for the profiling of raw and steamed
. notoginseng, shortening the sample analysis time significantly
10]. The significant reduction in analysis time was a combination
f enhanced selectivity of TOFMS detection and enhanced chro-
atographic resolution with the use of sub-2 �m particle column
Biomedical Analysis 52 (2010) 43–50 45

chemistry. In the present study, the UHPLC method was further
optimized to 10 min without compromising the chromatographic
peak resolution. This was achieved mainly through the use of
step-gradients and optimizing the gradient time especially during
the earlier phase of the chromatography (0.2–4.7 min). The repre-
sentative chromatograms of the raw and steamed P. notoginseng
extracted samples are presented in Fig. 1. The UHPLC/TOFMS sys-
tem proved to be robust as the retention time shift and the mass
accuracy based on the analysis of a standard mixture containing
ginsenosides Rb1, Rb2, Rc, Rd, Re, Rg1, Rg2, Rg3, Rh1, Rh2 and noto-
ginsenoside R1 were <0.02 min and 10 ppm, respectively. There
was also minimal carry-over with <2.6% peak area percentage in
the blank samples. These validations were of utmost importance
as any significant shifts in retention time and m/z values and any
carry-over peaks can potentially complicate the chemometric data
analysis by adding false positive results.

ESI− was selected as the ionization mode for the TOFMS exper-
iments since our previous paper [10] demonstrated that the
ginsenosides were detected with greater ion sensitivities using
this ionization mode and hence provided richer information on
the saponins. Each saponin was identified by comparing its reten-
tion time and accurate m/z value of the extracted ion peak to that
of its standard. Three adduct ions namely, [M−H]−, [M+HCOO]−

and [M−2H]2− of the ginsenosides were observed and documented.
However, the [M+HCOO]− ions were eventually used as the target
ions for data analyses since they generally showed good abundance
and ion count consistency, as previously reported [10]. The chro-
matographic peaks at 2.34 and 2.62 min (Fig. 1) were associated
with exogenous substances derived from sample preparation. As
these unknown compounds were present at the same levels in
both raw and steamed samples, they did not affect the subsequent
chemometric data analysis.

3.2. Principal component analysis (PCA)

PCA is an unsupervised technique that assumes no prior knowl-
edge of class structure and transforms the variables in a data set
into a smaller number of latent variables known as principal com-
ponents (PCs), which are uncorrelated with each other and account
for decreasing proportions of the total variance of the original vari-
ables. Each new PC is a linear combination of the original variables
such that a compact description of the variation within a data set
is generated. Observations are assigned scores according to the
variation measured by the PCs with those having similar scores
clustering together. In our study, the data set was visualized by
unsupervised PCA to check for outliers and classification trends
among the batch 1 raw and differentially steamed (1, 2, 4, 6, 9,
12, 15 and 24 h) P. notoginseng samples. Preliminary PCA was per-
formed on all observations using 787 pareto-scaled variables. Our
results indicated out of 54 samples, there were four severe out-
liers belonging to the 2, 12, 15 and 24 h steamed samples. These
samples were found to lie outside the Hotelling T2 (0.95) ellipse
of the PCA score plot and removed from the subsequent PCA anal-
ysis. The final PCA score plot obtained using the batch 1 samples
demonstrated clear classification trends among the raw and differ-
entially steamed P. notoginseng samples with all the observations
falling within the Hotelling T2 (0.95) ellipse (Fig. 2; R2X = 0.664,
Q2 (cum) = 0.622, and PCs = 2). While there were some overlaps
among the observations (raw and 1 h; 12 and 15 h), most of the
raw and differentially steamed samples were clearly clustered in
the score plot. This strong classification pattern underscored the

feasibility of using time-dependent metabolic profiling of P. noto-
ginseng in elucidating the optimal duration of steaming to achieve
its desired herbal contents. Based on these results, we proceeded to
use supervised PLS-DA to build a prediction model using the batch
1 samples.
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Fig. 1. Representative UHPLC/TOFMS chromatograms of r

.3. Partial least square-discriminant analysis (PLS-DA)

PLS-DA is a supervised technique of multivariate data analysis;
sed to distinguish two or more classes by searching for variables
X matrix) that are correlated to class membership (Y matrix). In
his approach, the axes are calculated to maximize the separation
etween groups and can be used to examine separation that would
therwise be across three or more PCs. PLS is used to maximize
he correlation between the design matrix X (the normalized peak
reas) to matrix Y (e.g. duration of steaming) so that the response
ariable Y can be predicted from X. In this study, batch 1 raw and
teamed samples were utilized to build a PLS-DA model where the

odel performance was evaluated using the R2 and Q2 parameters,

oth of which vary between 0 and 1, where 1 indicates a perfect
t. R2X is the cumulative modeled variation in X, indicating how
uch of the variation within a data set can be explained by the

arious components of the model; R2Y is the cumulative modeled
d steamed P. notoginseng extracted samples (2 and 15 h).

variation in Y; and Q2Y is the cumulative predicted variation in Y,
indicating how accurately the data can be predicted according to
cross-validation. Batch 2 raw and steamed samples (2, 6, 9, 12 and
15 h) were used as the external validation or prediction set to cross-
validate the PLS-DA model.

A preliminary PLS-DA model was constructed where 3 severe
outliers (two raw samples and one 12 h sample) were found to lie
outside the Hotelling T2 (0.95) ellipse of the PLS-DA score plot.
These three observations were removed before constructing the
final PLS-DA model. A four latent variable (LV = 4) PLS-DA model
was constructed (R2X = 0.708, R2Y = 0.461, and Q2Y = 0.271) where
clear classification trends of the raw and differentially steamed

samples were observed as shown in the three-dimensional score
plot (Fig. 3A). The raw and steamed samples demonstrated a clear
trajectory pattern with regard to the duration of steaming (Fig. 3A).
Our results confirmed that the observed changes in the levels
and occurrence of ginsenosides evolved in a specific and time-
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ig. 2. PCA score plot of raw and steamed P. notoginseng samples (1, 2, 4, 6, 9, 12,
5 and 24 h).

ependent manner with regard to the steaming process. However,
e were not certain if such a time-dependent trajectory of the

bservations could be repeated when another batch of samples
as analyzed. As it was important to validate the robustness of

he PLS-DA model before it can be used to correlate the desired
erbal constituents with the duration of steaming process, an exter-
al validation or prediction set (batch 2) comprising both raw and
ifferentially steamed samples was used to test the PLS-DA model.
o aid visualization of the prediction, observations belonging to the
odel (batch 1) and prediction (batch 2) sets were plotted in the

ame three-dimensional score plot (Fig. 3B). It was evident that the
bservations belonging to the different groups of the prediction
et, namely the raw, 2, 6, 12 and 15 h steamed P. notoginseng sam-
les, were accurately clustered near their corresponding groups in
he PLS-DA model (Fig. 3B). The cross-validated predicted Y scores
latent variable 1) of the observations belonging to the model and
rediction sets were extracted and plotted to further ascertain
he robustness of the PLS-DA model (Fig. 4). Our results indicated
hat these predicted Y scores were comparable between the model
nd prediction observations across all differentially steaming time
oints (2, 6, 9, 12 and 15 h) including the raw samples. Accord-
ngly, we also observed a gradual darkening in the colors of the P.
otoginseng samples with increasing duration of steaming (Fig. 4).
ollectively, our external cross-validation results confirmed that
he UHPLC/TOFMS metabolic profiles of the raw and differentially
teamed P. notoginseng samples were highly repeatable. This per-

ig. 3. (A) Three-dimensional PLS-DA score plot of batch 1 raw and steamed P. notoginse
lot of batch 1 model set and batch 2 prediction set samples comprising raw, 2, 6, 9, 12 a
Fig. 4. Plot of PLS-DA cross-validated predicted Y scores of raw and steamed P.
notoginseng samples (2, 6, 9, 12 and 15 h) belonging to the batch 1 model and batch
2 prediction set, respectively. Photographs of the corresponding raw and steamed
dried powder samples are also presented.

tinent finding suggested that UHPLC/TOFMS metabolic profiling
could be applied to predict the status of an unknown P. notoginseng
sample whereby the duration of steaming could be estimated. Our
novel approach represents a paradigm shift in the quality control
of P. notoginseng products, which will lead to the correct identifi-
cation of herb form and ensure that the correct form is consumed
by our patients.

3.4. Univariate data analyses of therapeutically important
ginsenosides

The steamed form of P. notoginseng has different therapeutic
uses as compared to the raw form. During the steaming process,
the ginsenosides in the raw powder undergo hydrolysis to produce
different ginsenosides. In our study, we found that the levels of
some ginsenosides (Rg1, Rb1, Rc, Rd, Re and notoginsenoside R1)
were reduced with steaming while the levels of other ginsenosides

(Rg3, Rh1, Rh2, Rk3, Rh4, Rk1 and Rg5) were increased according
to the duration of steaming. The structures of these ginsenosides
are shown in Fig. 5. Ginsenosides 20S-Rg3 and Rh2 which were
reported to have anticancer activity were produced upon steam-
ing. As shown in Fig. 6, the levels of ginsenosides 20S-Rg3 and Rh2,

ng samples (1, 2, 4, 6, 9, 12, 15 and 24 h) and (B) three-dimensional PLS-DA score
nd 15 h steamed samples.
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ig. 5. Chemical structures of some saponins present in raw and steamed P. notog
lucose; Ara(f), arabinose in furanose form; Ara(p), arabinose in pyranose form; Rh

s estimated using integrated peak area of the [M+HCOO]− ions,
ere found to increase steadily upon steaming. Using repeated
easures one-way ANOVA, it was confirmed that for both 20S-Rg3

nd Rh2, their levels in the steamed samples were statistically sig-

ificant compared to the raw samples after 6 and 9 h of steaming
rocess respectively (p < 0.05). For 20S-Rg3, it was found that its

evels among 6, 9, 12, 15 and 24 h samples were not statistically
ignificant. This implied that for 20S-Rg3, steaming up to 6 h is suf-

ig. 6. Plots of integrated peak area of the [M+HCOO]− ions of (A) 20S-Rg3 and (B)
h2 against the duration of steaming process (hours) for the batch 1 samples (# is
< 0.05 while * is p < 0.001 when compared to the raw samples).
. The saponins in bold are characteristic for steamed samples. Abbreviations: Glc,
nose; Xyl, xylose.

ficient. On the other hand, for Rh2, it was determined that its level
at 24 h was statistically different from the 15 h sample. Hence, for
Rh2, steaming up to 24 h is necessary. Official information on the
duration of steaming used traditionally is not available [4]. Accord-
ing to Ye and Zhang, processed P. notoginseng can be prepared using
two methods [12]. For the first method, raw P. notoginseng was first
cut into pieces and they were fried using edible oil until the sur-
face color becomes dark yellow. The oil was then removed and the
sample was cooled and powdered. In the second method, raw P.
notoginseng sample was washed and “steamed thoroughly”. It was
cut into small pieces and dried [12]. However, the duration was
not specified. In this study, various steaming durations up to 24 h
were selected for comparisons of the chemical compositions. The
maximum duration of 24 h was chosen for convenience.

For the raw form of P. notoginseng, its traditional use as a hemo-
static was supported and proven by several studies [2]. Dencichine,
a hemostatic agent is found present in the raw P. notoginseng,
giving hemostatic activity of P. notoginseng [13]. The raw form
is also claimed to remove blood stasis and improve circulation.
Such pharmacological activities were also proven by studies that
showed it has blood thinning effect such as antiplatelet and anti-
coagulant effects [2]. In addition, P. notoginseng was reported to
be able to regulate lipid levels to prevent atherosclerosis [2,14].
These therapeutic effects will aid in the prevention of thrombosis
and cardiovascular events and improve microcirculation. Overall,
the traditional uses of raw P. notoginseng are well supported by
the modern scientific findings of its pharmacological actions and
clinical studies.
It has been reported that the hemostatic effect was abolished
by autoclaving [15]. Study have shown that steamed P. notoginseng
was found to contain less dencichine than the raw P. notoginseng
and its level diminished with longer duration of steaming such
as 6 h [13]. Decline in the amount of dencichine upon steaming
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orresponds to the less or no hemostatic effect in the steamed
. notoginseng. And, the steamed form is used traditionally as a
ematinic to increase blood production. A study has shown that P.
otoginseng saponins can increase proliferation and upregulation
f hematopoiesis [16]. In vitro studies have shown that panaxadiol
aponin can stimulate proliferation of bone marrow and panaxa-
riol saponin will inhibit the proliferation [17]. Some examples of
anaxadiol saponin are ginsenosides Rb1, Rb2, Rc, Rd, Rg3, Rh2,
k1 and Rg5. Panaxatriol saponin will include Re, Rg1, Rh4, Rg2,
h1, notoginsenoside R1, Rg6, and Rk3. Ginsenoside Rg3 which is a
anaxadiol saponin and a deglycosylated ginsenoside, formed dur-

ng steaming, was proven to possess hematopoietic effects whereby
t enhanced the proliferation of the total spleen and bone marrow
BM) cells [18]. Based on these findings, hematopoietic activity of
insenoside Rg3 is supported. In terms of modern scientific find-
ngs, there are limited amount of information on the effects of
teamed P. notoginseng on the blood. Further research is required to
ddress the gap between the traditional use and modern scientific
ndings.

In terms of the modern scientific findings on the pharma-
ological activity of raw and steamed P. notoginseng, our group
as recently reported that the raw and steamed form demon-
trated differences in antiplatelet and anticoagulant activities, with
he steamed form having greater activity and the activities were
nhanced with increasing steaming durations [19]. In addition, the
n vitro antiplatelet and anticoagulant effects are positively trans-
ated into a prolongation of in vivo rat bleeding time after oral
dministration of the raw and steamed extracts [19]. This finding
grees with the antithrombotic activity found in the Korean red
inseng, which is a steamed form of P. ginseng [20]. It was demon-
trated in a study that the red ginseng which is a steamed form of
. ginseng has a significantly stronger activity in promoting blood
irculation, antithrombotic and fibrinolytic activity, as compared
o the white ginseng (untreated P. ginseng) [21]. Ginsenosides Rg3
nd Rg2 were shown to have strong inhibitory activity on platelet
ggregation and inhibitory effect on the conversion of fibrinogen to
brin [22]. In addition, ginsenoside Rk1, Rg5 and Rg3 were found
o inhibit platelet aggregation induced by various agonists [23].
hese ginsenosides which were formed upon steaming could be
he ones contributing to the antithrombotic effect in the steamed
. notoginseng.

Differences in pharmacological activities of the raw and
teamed/heated form of herb have also been reported in other
anax species. It is reported that steaming or heating of P. ginseng
auses changes in the saponin content/composition. This, in turn
ffects their properties such as bioactivity with significant impli-
ations for product quality and product development. Enhanced
iological activity (antioxidant and anticancer activities) of heat-
reated ginseng (such as red ginseng produced by steaming and
rying) has put the research focus on the identification of trace
ompounds formed during heating (Rh2, Rg3, Rg5, and Rh1). Steam-
ng of raw ginseng at temperatures more than 100 ◦C enhanced
ts biological properties such as its vasodilation, radical scavenging
ctivity and anticarcinogenicity [24]. The enhanced activity was in
urn attributed to the changes in the composition of the ginsenoside

ixture induced by the heat treatment. These findings have led to
he use of processing as a means to enhance the biological activity
f ginsenosides [24]. A ginseng product (sun ginseng, with a ratio
f ginsenoside [Rg3 + Rg5] to [Rc + Rd + Rb1 + Rb2] above 1) pro-
uced by heat treatment at 120–180 ◦C for 0.5–20 h with enhanced
harmacological effects such as antioxidant, anti-tumorigenic and

asodilation has also been patented [25]. In another study, it has
een demonstrated that heat treatment of P. ginseng at a tem-
erature and under pressure higher than those applied to the
onventional preparation of red ginseng, gave rise to increased pro-
uction of saponins such as Rg3, Rg5, Rg6, Rh2, Rh3, Rh4 and Rs3,

[

Biomedical Analysis 52 (2010) 43–50 49

which are absent or present, if any, in trace amounts in conven-
tional white or red ginseng [26]. For Panax quinquefolius, it had also
been shown that heat-processing of the roots and berries increased
the antiproliferative [27] and radical scavenging activity [28] of
American ginseng significantly. The antiproliferative activities of
red American ginseng are augmented when ginsenoside Rg3 is
increased [27].

This finding supported the fact that steaming causes changes
to the metabolic profile of Panax species and lead to differences
in pharmacological activity and therapeutic effects of the raw and
steamed herb. Studies on the steamed P. notoginseng are still lacking
and inconclusive. Hence, more research on its activities is neces-
sary. It is critical to study the differences between raw and steamed
P. notoginseng using metabolomics as a first step to investigate their
profiles and relating them to their different therapeutic uses. It
is pertinent to administer the correct form of herb to avoid any
undesirable clinical consequences. Therefore, it is paramount to
characterize the raw and steamed forms of P. notoginseng for the
investigation of their pharmacological use and safety.

4. Conclusion

An optimized UHPLC/TOFMS metabolic profiling method was
developed for the analysis and evaluation of raw and steamed P.
notoginseng. The UHPLC/TOFMS metabolic profiles combined with
multivariate statistical analysis represents a powerful platform for
the time-dependent profiling of raw and differentially steamed P.
notoginseng. The methodology holds potential to be applied to the
quality control of the steaming process to achieve desired herbal
contents of the steamed products.
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