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ABSTRACT: Although both rhizome and root of Panax notoginseng are officially utilized as notoginseng in “Chinese
Pharmacopoeia”, individual parts of the root were differently used in practice. To provide chemical evidence for the differentiated
usage, quantitative comparison and metabolite profiling of different portions derived from the whole root, as well as commercial
samples, were carried out, showing an overall higher content of saponins in rhizome, followed by main root, branch root, and
fibrous root. Ginsenoside Rb, was proposed as a potential marker with a content of 0.5 mg/g as a threshold value for
differentiating rhizome from other parts. Multivariate analysis of the metabolite profile further suggested 32 saponins as potential
markers for the discrimination of different parts of notoginseng. Collectively, the study provided comprehensive chemical
evidence for the distinct usage of different parts of notoginseng and, hence, is of great importance for the rational application and

exploitation of individual parts of notoginseng.
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B INTRODUCTION

The root of Panax notoginseng (Burk.) F.H. Chen, commonly
referred to as notoginseng and “Sangi”, is a well-known botanic
material that has been historically used as both medicinal herb
and food. It has been widely used as a tonic and hemostatic
agent for the treatment of cardiovascular diseases, inflamma-
tion, different body pains, trauma, and internal or external
bleeding caused by injury. Substantial studies have demon-
strated hemeostatic,' > antioxidant,”* hypolipidemic,® hepato-
protective,""® renoprotective, and estrogen-like activities of
notoginseng.s’9 Moreover, chemopreventive and antitumor
activities of this herb and its major constituents have been
increasingly reported.'®”"*

Owing to the time-honored benefits for health, notoginseng
is also widely used as a distinguished functional food beyond
the medicinal application. In China, 47 health foods with
notoginseng as a single or major ingredient, including a variety
of tablets, capsule, and medicinal liquors, have been approved
by the China Food and Drug Administration for manufacturing.
These health foods are claimed to benefit people with low
immunity and hyperlipidemia because of their health functions
such as liver protection, immunomodulation, blood lipid
regulation, antifatigue effect, and antihypoxia activity. In
addition, notoginseng is also widely consumed in the form of
tea, powder, and raw materials of Chinese soup in China and
other Asian countries. In the United States, a variety of
notoginseng products are available as dietary supplements in
the health food market.>"

Although both rhizome and root (Notoginseng Radix et
Rhizoma) are officially described as notoginseng in “Chinese
Pharmacopoeia” since 1985, individual parts of the whole root,
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that is, rhizome, main root, branch root, and fibrous root, were
separately used, and their market values are greatly different.
Rhizome, commonly known as “Jiankou”, is usually used for the
manufacturing of ginsenosides and related preparations.'® The
main root is generally utilized in Chinese medical clinics and
traditional Chinese proprietary medicines, whereas branch root
(known as “Jintiao”) and fibrous root are often ground to yield
powder as health food. The market prices of the different parts
rank in the order main root > rhizome and branch root >
fibrous root.

Due to the different utilizations of individual parts of
notoginseng, chemical differences among them are of great
significance for both authentication and medicinal usage of
different parts of this herb. Although numerous studies have been
carried out to assess the chemical differences among notoginseng,
American ginseng (the root of Panax quinquefolius L.), and Asian
ginseng (the root of Panax ginseng C.A. Mey.),"”'® only limited
studies have been performed to assess the chemical characteristics
of individual parts of notoginseng."®>* Consequently, the
following limitations still existed: (1) More than 80 dammarane-
type saponins with various bioactivities have been isolated from
notoginseng and steamed notoginseng,”**">* but only major
ginsenosides, that is, notoginsenoside R;, ginsenosides Rg;, Re,
Rb;, and Rd, have been examined in most of the previous
studies.>"****37 Several recent studies quantitatively determined
both high- and low-abundance ginsenosides,”**® but the total
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Table 1. Validation Data of UPLC-MS Quantitative Method for Eight Saponins

precision (RSD%) (n = 6)

marker regression eq linearity (pg/mL) I intraday interday repeatability recovery rate (%) LOD (ug/mL) LOQ (ug/mL)
R, y = 132995x + 4969.8 0.125-10 0.9998 1.99 1.25 225 98.66 (1.81) 0.00S 0.021
Rg; y = 125416x — 6776.7 0.125—-10 0.9998 1.28 1.99 1.08 99.10 (2.90) 0.004 0.024
Re y = 148540x + 15054 0.125—-10 0.9995 2.67 2.18 2.11 103.03 (2.22) 0.005 0.017
Rb, y = 64969x — 4164.7 0.125—-10 0.9997 231 2.60 1.72 99.65 (3.29) 0.015 0.054
Rb,  y=116356x — 5883 0.125—10 09997  2.87 1.68 3.84 99.06 (3.43) 0.011 0.029
Rb, y = 134365x — 851 0.05—4 0.9999 3.00 3.44 1.61 97.7 (1.26) 0.008 0.025
Rc y = 122449x — 500.33 0.05—4 0.9999 2.18 221 2.79 99.62 (2.70) 0.008 0.026
Rd y = 152720x — 6790.6 0.125-10 0.9999 241 1.22 297 101.65 (1.60) 0.006 0.021
“The values in the parentheses are the RSDs of six replicated determinations of recovery rate.
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Figure 1. Total ion chromatogram (TIC) of rhizome (A), main root, (B) branch root (C), and fibrous root (D) of Panax notoginseng.

number of quantified saponins is still quite limited. (2) Metabolite
profiling by using UPLC-ESI-MS has been applied for evaluating
the chemical characteristics of different parts of P. notoginseng, that
is, flower, leaf, seed, rhizome, and main root,'”*** or raw
notoginseng and steamed notoginseng.*’ However, this approach
is still not well applied for the examination of different
underground parts of P. notoginseng. Especially, comparison
among the four parts of notoginseng by using a metabolomics
approach is absent. (3) Comparison was often made among the
different parts sampled from roots of diverse origin (e.g, roots
collected from different regions or collected at different seasons).
However, the different origin itself might introduce significant
variation in the content of chemical constituents. As such, the
“real” variation resulting from biosynthesis in different portions of
the root might be compromised by the origin-derived variation.
Therefore, we herein conducted a quantitative comparison
on the different parts derived from the whole root of
P. notoginseng collected from the major production region of
notoginseng, Wenshan city, Yunnan province. Eight dammar-
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ane-type saponins were quantitatively compared by using the
validated UPLC-Q-TOF MS method. Commercial samples of
individual parts of notoginseng were also analyzed to verify the
chemical difference. A nontargeted metabolomics approach was
subsequently applied for discrimination of different parts of the
root. This combinative comparison approach facilitated an
overall evaluation of chemical difference among these closely
related samples.

B MATERIALS AND METHODS

Plant Materials. Twelve batches of the whole root of P. notoginseng
(3 years) were collected from the wholesale markets of Wenshan,
Yunnan province, China, in December 2008. For each batch of the
root, three to five of the whole roots were divided into rhizome, main
root, branch root, and fibrous root. The obtained individual parts were
then mixed to yield the representative portion of each batch. The yield
of each part from the whole root was measured to be 15% (rhizome),
66% (main root), 18% branch root, and 2% (fibrous root) on average.
Commercial samples of individual parts of notoginseng were also
collected from the markets of Wenshan during 2006—2008, including
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Figure 2. Contents of eight dammarane-type saponins and total saponins in rhizome, main root, branch root, and fibrous root of P. notoginseng. Each
bar represents the mean + SD (n = 12). (%) p < 0.05, one-way ANOVA (compared with main root).

four batches of rhizome; main roots with growing years of 3 years
(four batches), 4 years (two batches), and S years (two batches); four
batches of main root without growing year information; four batches
of branch root; and six batches of fibrous root.

Chemicals. Notoginsenoside R; and ginsenoside Rg; (purity >
98%) were purchased from Kunming Zhongzheng Biotech Co., Ltd.
(Kunming, China); ginsenosides Re, Rb;, Rb,, Rb;, Re, and Rd (each
purity > 98%) were purchased from Chengdu Scholar Biotech Co.,
Ltd. (Chengdu, China). HPLC grade methanol and acetonitrile were
purchased from Anaqua Chemicals Supply Inc.,, Ltd. (Houston, TA,
USA), and distilled water was purified by a Milli-Q system (Millipore).

Preparation of Standard and Sample Solution. Stock solutions
of notoginsenoside R, and ginsenosides Rg;, Re, Rb;, Rb, and Rd in 70%
methanol were diluted to a series of working solutions (0.125, 0.625, 1.25,
2.5, S, and 10 pg/mL), whereas those of ginsenosides Rb; and Rc were
diluted to yield working solutions of 0.05, 0.25, 0.5, 1, 2, and 4 ug/mL.

Sample solutions were prepared following the procedures developed
in our previous studies.*"** Briefly, 200 mg of powdered samples of
each representative part was accurately weighed into a PTFE-stopped tube
and sonicated with 10 mL of 70% methanol for 1 h. The mixture was
centrifuged, and the supernatant was collected and then diluted by 200-
and 4-fold for the quantitation of major ginsenosides (R;, Rg), Re, Rb;, Rd,
and Rb,) and minor ginsenosides (Rb; and Rc), respectively. All samples
were filtered through a 0.2 ym filter before analysis.
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LC-MS Analysis. LC-MS was performed using a Waters Acquity
UPLC system (Waters, Milford, MA, USA) coupled to a Bruker
MicroTOF mass spectrometer with an ESI source (Bruker, Bremen,
Germany). All of the operation, acquisition, and data analysis were
operated by Hystar software (Bruker). MS/MS experiments were
carried out on an Agilent 1290 infinity UHPLC system (Santa, Clara,
CA, USA) coupled with an Agilent 6550 QTOF.

Chromatographic separation was performed on an Acquity UPLC
BEH C,4 column (2.1 mm X 100 mm, 1.7 gm). The mobile phase
consisted of 0.1% formic acid in water (A) and 0.1% formic acid in
acetonitrile (B), with a flow rate of 0.35 mL/min. The following
gradient was used: 0—23 min, 10—40% B; 23—27 min, 40—85% B;
2729 min, 85—100% B; 29—32 min, 100% B; 32—36 min, 10% B.
The column was maintained at 40 °C, and the injection volume of
each sample was 1 uL.

The mass spectrometer was operated in the negative mode with a
scanning range of m/z 100—3000. The optimized mass conditions
were as follows: drying gas (N,) flow rate, 8 L/min; drying gas
temperature, 180 °C; capillary voltage, 4500 V; nebulizing gas (N,)
pressure, 2.5 bar; end plate offset, =500 V. The following ions were
extracted for the quantitative analysis of different compounds: m/z
977.5 ([M + HCOO]", notoginsenoside R;), m/z 845.5 ([M +
HCOO], ginsenoside Rg,), m/z 991.5 ([M + HCOO]", ginsenosides
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Figure 3. Contents of eight dammarane-type saponins in the commercial sample of rhizome (n = 4), main root (n = 12), branch root (n = 4), and
fibrous root (n = 6) of P. notoginseng. (%) p < 0.05, (%) p < 0.01, (%) p < 0.001, one-way ANOVA (compared with main root).

Re and Rd), m/z 1153.5 ([M + HCOO]", ginsenoside Rb,), m/z
1123.5 ([M + HCOO], ginsenosides Rb,, Rb;, and Rc).

Method Validation for Quantitation. The calibration curve (y =
a + bx) for each ginsenoside was constructed by plotting the peak area
against concentration, and the linearity was verified by correlation
coefficients (1*). The lower limit of detection (LOD) and lower limit
of quantification (LOQ) were determined on the basis of response at
signal-to-noise ratios (S/N) of 3 and 10, respectively. The precision
was determined by intra- and interday variations. The intraday precision
was performed by six replicate analyses of a mixed standard solution
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within a day, and the interday precision was carried out by analyzing the
same mixed standard solution on five consecutive days. The repeatability
was evaluated by carrying out six replicate analyses of the same sample.
The recovery test was performed by spiking a sample with the mixed
standards, and the recovery rate was calculated by using the following
formula: recovery rate (%) = (observed amount — original amount)/
spiked amount X 100%. Variations were expressed as relative standard
deviations (RSD%).

Multivariate Analysis. The UPLC-Q-TOF MS data of different
parts of notoginseng were first exported as cdf format. The peak
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finding, alignment, and filtering of raw data were preprocessed by
MassLynx V4.1 (Waters, Milford, MA, USA). The parameters were set
as the following conditions: retention time of 2—27 min, mass range of
100—1500 Da, mass tolerance of 0.05 Da. The resulting three-
dimensional matrix using retention time, mass to charge ratio, and
intensities of all detected peaks were tabulated and exported for
subsequent analysis. Principal component analysis (PCA), partial least
squares discriminate analysis (PLS-DA), and orthogonal partial least
squares discriminate analysis (OPLS-DA) were performed by using
SIMCA 13.0 software (Umetrics, Umea, Sweden). Components that
played important roles in differentiation were picked out according to
the variable importance in the projection (VIP) value.

B RESULTS AND DISCUSSION

Method Validation for Quantitation. All calibration
curves showed good linearity (r* > 0.999). The LOD ranged
from 0.0038 to 0.0146 pg/mL, and the LOQ ranged from
0.0171 to 0.0541 ug/mL. The calibration curves, correlation
coefficients, LOD, and LOQ_of each compound are given in
Table 1. The UPLC-Q-TOF MS method showed good precision
for the quantitation of the eight saponins with intra- and interday
variations of 1.28-—3.00 and 122—3.44% and repeatability
variations of 1.08—3.84%. The overall recoveries ranged from
97.70 to 103.03%, with variations of 1.60—3.46% (Table 1). These
results demonstrated that the established UPLC-Q-TOF MS
method was sensitive, accurate (with recovery accuracy within the
criteria of 95—105%), and precise (with precision of <5%) and
thereby appropriate for the quantitative analyses of notoginseno-
side R, and ginsenosides Rg;, Re, Rb;, Rb,, Rb;, R¢, and Rd in
different parts of notoginseng.

Quantitative Comparison of Different Parts of
Notoginseng. The contents of chemical constituents are
always influenced by various factors such as the place of origin,
the growing year, and the harvesting season. To evaluate the
variation of ginsenosides inherently associated with the
different parts of the root, we specially collected the whole
root for the comparative study. The qualitative results revealed
quite similar content distribution of eight dammarane-type
saponins in different parts of the root (Figure 1). As can be
seen in Table 1, in all parts of the root, ginsenosides Rb; and
Rg, were shown to be the most abundant ginsenosides, both
accounting for >20% of the total saponins (Table 2).
Notoginsenoside R, was less abundant than Rg, and Rb,, but
with great variation among individual samples in both absolute
content and relative composition of the total amount of
saponins. Content of ginsenosides Re and Rd also varied greatly
among individual samples, but their percentage in the total
amount of saponins remained at about 1—10% in most portion
samples of the root, whereas ginsenosides Rb,, Rc, and Rb;
were minor constituents in all parts of the root (Supporting
Information, Table S1). In commercial samples, similar patterns
were observed for all individual parts of notoginseng (Figure 3).

Among different parts of the root, the content of each
saponin was always the highest in rhizome, followed by main
root and branch root, and then fibrous root. This observation
was consistent with previous studies.”****® Individually, except
for notoginsenoside Ry, contents of all ginsenosides in rhizome
were significantly higher than those in main root (Figure 2),
among which Rb, was the most important ginsenoside as
teatured by up to 8-fold content in rhizome of that in main root
(Figure 2). The higher content of each saponin in rhizome
accumulatively led to the significantly higher content of subtotal
PPD-type and PPT-type ginsenosides, as well as the content of
total saponins than that in main root (Figure 2). On average,
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Figure 4. PLS-DA scores plot (A), OPLS-DA scores plot (B), and
loading plot (C) of UPLC-Q-TOF MS data of rhizome (1), main root
(2), branch root (3), and fibrous root (4) of P. notoginseng.

the content of total ginsenosides in rhizome is about 20—60%
higher than that in main root and about 50—90% higher than
that in branch root. The higher saponin content, together with
the considerable biomass of the rhizome (about 15% of the
whole root), supported the utilization of rhizome as the raw
material for manufacturing ginsenoside-based products.

The contents of all eight ginsenosides in branch root appear
to be lower than that in main root, but statistical significance for
such difference was not observed (p value > 0.05). Moreover, in
PLS-DA scores plot (Figure 4A), branch root is almost
superimposed with main root but separated from rhizome and
fibrous root. In OPLS-DA scores plot, branch root is separated
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from main root but still very close to the main root in the space.
These results indicated an overall similar chemical profile of branch
root with main root, therefore supporting the equivalent usage of
branch root and main root as indicated in “Chinese Pharmacopeia”.

In commercial unassorted samples, the content of individual
saponins in the rank order of rhizome > main root > branch
root > fibrous root was also observed, demonstrating this is an
overall pattern of saponin distribution in different parts of
notoginseng. Consistent with that revealed in whole root-
derived samples, significant differences in the content of
ginsenosides Rg;, Rb;, Rd, Rc, and Rb, between rhizome and
main root were observed, despite the great intragroup variation
(Figure 3). In addition, significant difference in the contents of
R}, Rg;, Re, and Rb; between main root and fibrous root were
observed. Most notable is the significantly different contents of
Rb, in rhizome and other parts (Figure 3). It has been found

that the content of Rb, in rhizome was >0.5 mg/g in all
samples, whereas the contents in other parts were all <0.3 mg/g
and mostly <0.2 mg/g. This evidence facilitated 0.5 mg/g of
Rb, as a threshold value for the discrimination of rhizome and
other parts of notoginseng.

Multivariate Analysis of Different Parts of Notogin-
seng. Untargeted metabolomics has the ability to profile
diverse classes of metabolites and thereby has been widely used
for comparing the overall metabolic composition between
samples.** Among the techniques used for untargeted
metabolomics, UPLC-Q-TOF MS has been especially widely
utilized for profiling metabolites due to its superiority in high-
resolution mass, precision, and sensitivity. In the current study,
>15000 ions were achieved in the UPLC-Q-TOF MS data of
notoginseng. Analysis results of these ions were exported for
subsequent multivariate analysis by using SIMCA 13.0. As
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shown in Figure 4A, separation of rhizome, fibrous root, and
main/branch root can be observed in the PLS-DA plots. Q? the
parameter that estimates how well the model predicts Y, was
calculated to be 63.8% (five significant components, R*Y =
91.2%) for this PLS-DA model, suggesting the good predictive
capacity of the model. To minimize any effects of nonrelevant
metabolite variability, OPLS-DA analyses were also carried out
to identify the differences between groups (Figure 4B).
Consistent with the results obtained from quantitative analysis,
branch root and main root were very close in the OPLS-DA
plot, indicating high similarity of the two parts. In a loading
plot, the ions farthest away from the main cluster of ions
possess the higher VIP value and play more important roles in
the differentiation. As shown in Figure 4C, a number of ions
were distant from the main cluster and were identified as the
marker jons. These marker ions were identified according to
the accurate mass, retention time, and targeted MS/MS data.
Figure S represents examples for the identification of potential
markers by MS/MS data. A list of the identified marker ions is
shown in Table 2, which included both major and minor
constituents in notoginseng. This result suggested ginsenosides
Rf, Rg;, Re, Rg,, Rh;, Rb;, Rb,, Rd, and Rg; and notoginseno-
sides A, Fa, F¢, I, K, R}, R,, R, and Rw,, as well as malonyl-
ginsenosides Rb;, and Rd were the major potential marker
compounds responsible for differentiation of rhizome, main
root, branch root, and fibrous root of P. notoginseng.

The relative contents of the first 20 potential marker
compounds in each part of notoginseng were then compared
on the basis of their peak areas. As shown in Figure 6,
notoginsenosides Fc and Rw;, malonyl-ginsenoside Rd, and
ginsenoside Rb, were found to present in rhizome at
significantly higher content than in other parts. It is worth
pointing out that both quantitative and multivariate analyses
showed that the content of ginsenoside Rb, was much higher in
rhizome than in other parts of notoginseng. This implied the
potential marker compounds identified from the multivariate
analysis were instructive.

In the current study, quantitative comparison by using a
validated UPLC-Q-TOF MS method and metabolite profiling
approach was combinatively employed for evaluating the
similarities and differences among rhizome, main root, branch
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root, and fibrous root of P. notoginseng. Both quantitative
analysis and metabolite profiling study suggested that rhizome
was significantly different from the other parts. It contained the
highest contents of individual saponin and total saponins,
clearly suggesting the suitability of this part as the raw material
for the manufacture of ginsenoside-based products. The
chemical compositions of the main root and branch root are
quite similar and thereby can be utilized equivalently. The
fibrous root also showed a clear separation from the other parts
and contained the lowest content of saponins. The multivariate
study suggested that notoginsenosides Fc and Rw,, malonyl-
ginsenoside Rd, and ginsenoside Rb, could be potential
chemical markers for discrimination of different parts of
notoginseng. Because processing (e.g., steaming) and trans-
formation in the gastrointestinal tract would further introduce
chemical diversity of saponins,®** chemical differences among
individual parts of notoginseng might be amplified or become
more complicated after processing or oral consumption.
Overall, our work represents the first comprehensive study
dealing with four parts of notoginseng by using an approach
integrating quantitative and qualitative comparison. The result
is of importance for the appraisal of the chemical characteristics
of different parts of notoginseng and provides chemical
evidence for the rational application of each part of
notoginseng.

B ASSOCIATED CONTENT

© Supporting Information
Table SI1. This material is available free of charge via the
Internet at http://pubs.acs.org.

B AUTHOR INFORMATION

Corresponding Authors

*(L.L.) Phone: +853-8897 2077. Fax: +853-2882 7222. E-mail:
lliu@must.edu.mo. Mail: State Key Laboratory of Quality
Research in Chinese Medicine, Macau University of Science
and Technology, Taipa, Macau, 999078, China.

*(Z.-HJ.) Phone: +853-8897 2777. Fax: +853-2882 5886.
E-mail: zhjiang@must.edu.mo. Mail: State Key Laboratory of
Quality Research in Chinese Medicine, Macau Institute for

dx.doi.org/10.1021/jf502214x | J. Agric. Food Chem. 2014, 62, 9024—9034


http://pubs.acs.org
mailto:lliu@must.edu.mo
mailto:zhjiang@must.edu.mo

Journal of Agricultural and Food Chemistry

Applied Research in Medicine and Health, Macau University of
Science and Technology, Taipa, Macau, 999078, China.

Funding

This project is sponsored by the Macao Science and
Technology Development Fund, Macau Special Administrative
Region (066/2011/A3 to J.-RW.) and the National Institutes
of Health (AT005522-03).

Notes
The authors declare no competing financial interest.

B REFERENCES

(1) Gao, B.; Huang, L.; Liu, H.; Wu, H.; Zhang, E.; Yang, L.; Wy, X;
Wang, Z. Platelet P2Y(1)(2) receptors are involved in the haemostatic
effect of notoginsenoside Ftl, a saponin isolated from Panax
notoginseng. Br. J. Pharmacol. 2014, 171, 214—223.

(2) Que, W; Liao, L; Li, Y. Traditional Chinese medicinal
composition with analgesic and hemostatic effects. CN1961912A,
2007.

(3) Li, B; Wang, Y.; Zuo, W.; Hong, W.; Meng, T.; Xiao, N. A water-
soluble hemostatic gauze prepared from Panax notoginseng having
function of activating blood and promoting healing, and its
preparation. CN103623458A, 2014.

(4) Han, J. B; Hua, Y. Q; Chen, L. Y;; Liu, L. M. Advances in
smoothened-targeting therapies for pancreatic cancer: implication for
drug discovery from herbal medicines. J. Chin. Integr. Med. 2012, 10,
256—263.

(5) He, N. W,; Zhao, Y.; Guo, L.; Shang, J.; Yang, X. B. Antioxidant,
antiproliferative, and pro-apoptotic activities of a saponin extract
derived from the roots of Panax notoginseng (Burk.) F.H. Chen. J. Med.
Food 2012, 15, 350—359.

(6) Ng, T. B. Pharmacological activity of sanchi ginseng (Panax
notoginseng). J. Pharm. Pharmacol. 2006, 58, 1007—1019.

(7) Yoshikawa, M.; Murakami, T.; Ueno, T.; Yashiro, K.; Hirokawa,
N.; Murakami, N.; Yamahara, J.; Matsuda, H.; Saijoh, R;; Tanaka, O.
Bioactive saponins and glycosides. VIII. Notoginseng (1): new
dammarane-type triterpene oligoglycosides, notoginsenosides-A, -B,
-C, and -D, from the dried root of Panax notoginseng (Burk.) F.H.
Chen. Chem. Pharm. Bull. (Tokyo) 1997, 4S, 1039—1045.

(8) Yoshikawa, M.; Morikawa, T.; Kashima, Y.; Ninomiya, K;
Matsuda, H. Structures of new dammarane-type triterpene saponins
from the flower buds of Panax notoginseng and hepatoprotective effects
of principal ginseng saponins. J. Nat. Prod. 2003, 66, 922—927.

(9) Chan, R. Y,; Chen, W. F; Dong, A; Guo, D.; Wong, M. S.
Estrogen-like activity of ginsenoside Rgl derived from Panax
notoginseng. J. Clin. Endocrinol. Metab. 2002, 87, 3691—3695.

(10) Konoshima, T.; Takasaki, M.; Tokuda, H. Anti-carcinogenic
activity of the roots of Panax notoginseng. 1. Biol. Pharm. Bull. 1999,
22, 1150—1152.

(11) Wang, C. Z; Yuan, C. S. Potential role of ginseng in the
treatment of colorectal cancer. Am. J. Chin. Med. 2008, 36, 1019—1028.

(12) Yang, J. M;; Lu, F. H; Jin, S. K; Sun, S. W.; Zhao, Y. X.; Wang,
S. J; Zhou, X. H. [A cohort study on the predictive value of factors
influencing cardio-cerebro vascular death among people over 40 years
of age]. Zhonghua Liu Xing Bing Xue Za Zhi 2007, 28, 119—122.

(13) Mao, Q,; Li, Y; Li, S.-L; Yang, J.; Zhang, P.-H; Wang, Q.
Chemical profiles and anticancer effects of saponin fractions of
different polarity from the leaves of Panax notoginseng. Chin. J. Nat.
Med. 2014, 12, 30-37.

(14) Dong, H.; Bai, L. P.; Wong, V. K;; Zhou, H,; Wang, J. R;; Liu, Y,;
Jiang, Z. H,; Liu, L. The in vitro structure-related anti-cancer activity of
ginsenosides and their derivatives. Molecules 2011, 16, 10619—10630.

(15) Ruan, J. Q; Leong, W. L; Yan, R.;; Wang, Y. T. Characterization
of metabolism and in vitro permeability study of notoginsenoside R1
from Radix Notoginseng. J. Agric. Food Chem. 2010, 58, 5770—5776.

(16) Cui, H; Zhang, C.; Lin, H; Lu, W,; Cheng, H; Wang, ]J.
[Determination of effective components in different positions of
Panax notoginseng by HPLC]. Zhongyaocai 2009, 32, 1810—1813.

9033

(17) Liu, J. H; Lee, C. S.; Leung, K. M; Yan, Z. K;; Shen, B. H,;
Zhao, Z. Z.; Jiang, Z. H. Quantification of two polyacetylenes in Radix
Ginseng and roots of related Panax species using a gas
chromatography-mass spectrometric method. J. Agric. Food Chem.
2007, S5, 8830—883S.

(18) Kim, D. H. Chemical diversity of Panax ginseng, Panax
quinquifolium, and Panax notoginseng. J. Ginseng Res. 2012, 36, 1—15.

(19) Wan, J.-B,; Zhang, Q.-W.; Hong, S.-J.; Li, P; Li, S.-P.; Wang, Y.-
T. Chemical investigation of saponins in different parts of Panax
notoginseng by pressurized liquid extraction and liquid chromatog-
raphy-electrospray ionization-tandem mass spectrometry. Molecules
2012, 17, 5836—5853.

(20) Yamada, Y.; Yuasa, Y, Udaka, Y; Takeuchi, K. Quality
estimation by the head number of Tienchi ginseng. Igaku to
Seibutsugaku 1998, 137, 145—150.

(21) Zhang, C.; Bao, J; Li, X.; Zheng, Y. HPLC determination of the
amount of ginsenosides in different parts of Panax ginseng C. A. Mey.
and P. quinquefolius L. and P. notoginseng (burk) F. H. Chen. Yaowu
Fenxi Zazhi 2008, 25, 1190—1194.

(22) Wang, D; Zhu, H; Chen, K; Xu, M; Zhang, Y.; Yang, C.
Saponin accumulation in the seedling root of Panax notoginseng. Chin.
Med. 2011, 6 (5), No. http://www.cmjournal.org/content/6/1/5.

(23) Wang, D.; Li, H; Chen, K; Zhang, Y; Yang, C. HPLC
comparative analysis of ginsenoside saponins in different underground
parts of Panax notoginseng. Yunnan Zhiwu Yanjiu 2008, 27, 685—690,
694.

(24) Jia, X-H,; Wang, C.-Q,; Liy, J.-H,; Li, X.-W.; Wang, X.; Shang,
M.-Y; Cai, S-Q; Zhu, S.; Komatsu, K. Comparative studies of
saponins in 1—3-year-old main roots, fibrous roots, and rhizomes of
Panax notoginseng, and identification of different parts and growth-year
samples. J. Nat. Med. 2013, 67, 339—349.

(25) Wang, J. R; Yamasaki, Y.; Tanaka, T.; Kouno, L; Jiang, Z. H.
Dammarane-type triterpene saponins from the flowers of Panax
notoginseng. Molecules 2009, 14, 2087—2094.

(26) Yoshikawa, M.; Morikawa, T.; Yashiro, K; Murakami, T.;
Matsuda, H. Bioactive saponins and glycosides. XIX. Notoginseng (3):
immunological adjuvant activity of notoginsenosides and related
saponins: structures of notoginsenosides-L, -M, and -N from the roots
of Panax notoginseng (Burk.) F. H. Chen. Chem. Pharm. Bull. (Tokyo)
2001, 49, 1452—1456.

(27) Zhou, J; Wu, M. Z.; Taniyasu, S.; Besso, H,; Tanaka, O.;
Saruwatari, Y.; Fuwa, T. Dammarane-saponins of Sanchi ginseng, roots
of Panax notoginseng (Burk.) F.H. Chen (Araliaceae): structures of
new saponins, notoginsenosides-R1 and -R2, and identification of
ginsenosides-Rg2 and -Rh1. Chem. Pharm. Bull. 1981, 29, 2844—2850.

(28) Komakine, N.; Okasaka, M. Takaishi, Y.; Kawazoe, K;
Murakami, K; Yamada, Y. New dammarane-type saponin from roots
of Panax notoginseng. J. Nat. Med. 2006, 60, 135—137.

(29) Qiy, L;; Jiao, Y.; Huang, G.-K;; Xie, J.-Z.; Miao, J.-H.; Yao, X.-S.
New dammarane-type saponins from the roots of Panax notoginseng.
Helv. Chim. Acta 2014, 97, 102—111.

(30) Fu, H.-Z; Zhong, R-J; Zhang, D.-M; Wang, D. A new
protopanaxadiol-type ginsenoside from the roots of Panax notoginseng.
J. Asian Nat. Prod. Res. 2013, 15, 1139—1143.

(31) Pei, Y.; Du, Q.; Liao, P. Y.; Chen, Z. P.; Wang, D.; Yang, C. R;;
Kitazato, K;; Wang, Y. F.; Zhang, Y. J. Notoginsenoside ST-4 inhibits
virus penetration of herpes simplex virus in vitro. J. Asian Nat. Prod.
Res. 2011, 13, 498—504.

(32) Liao, P. Y,; Wang, D.; Zhang, Y. J.; Yang, C. R. Dammarane-type
glycosides from steamed notoginseng. J. Agric. Food Chem. 2008, S6,
1751-1756.

(33) Xie, Y. Y.; Luo, D.; Cheng, Y. J.; Ma, J. F.; Wang, Y. M,; Liang,
Q. L; Luo, G. A. Steaming-induced chemical transformations and
holistic quality assessment of red ginseng derived from Panax ginseng
by means of HPLC-ESI-MS/MS(n)-based multicomponent quantifi-
cation fingerprint. J. Agric. Food Chem. 2012, 60, 8213—8224.

(34) Qin, F; Yu, S; Gao, Y.; Zheng, Y. Simultaneous determination
of ginsenoside Rgl and ginsenoside Re in total saponins of fibrous

dx.doi.org/10.1021/jf502214x | J. Agric. Food Chem. 2014, 62, 9024—9034



Journal of Agricultural and Food Chemistry

roots of Panax notoginseng by HPLC-MS/MS. Zhongguo Yaofang 2010,
21, 2922-2924.

(35) Jiang, Y.; Wang, Q; Ma, S.; Dang, X. Quantitative determination
of saponins in the root of Panax pseudo-ginseng var. notoginseng by
HPLC-ELSD and UV spectrophotometry. Zhongcaoyao 2000, 31,
737—739.

(36) Wang, X; Ni, J; Guo, Y. Quantitative determination of
ginsenoside Rgl and Rbl in Radix Notoginseng. Beijing Zhongyiyao
Daxue Xuebao 2000, 23, 38—40.

(37) Lang, W,; Lou, Z; But, P. P. High-performance liquid
chromatographic analysis of ginsenosides in Panax ginseng, P.
quinquefolium, and P. notoginseng. ]. Chin. Pharm. Sci. 1993, 2, 133—
143.

(38) Wan, X.-q.; Xia, B.-h; Lou, Z.-h,; Peng, Y.-s; Gong, Y.-c.; Wy,
Y.-y. Determination of saponins in different processed products of
Panax notoginseng. Zhonghua Zhongyiyao Zazhi 2011, 26, 841—843.

(39) Dan, M,; Xie, G.; Gao, X,; Long, X.; Su, M.; Zhao, A.; Zhao, T.;
Zhou, M,; Qiu, Y,; Jia, W. A rapid ultra-performance liquid
chromatography-electrospray ionisation mass spectrometric method
for the analysis of saponins in the adventitious roots of Panax
notoginseng. Phytochem Anal. 2009, 20, 68—76.

(40) Toh, D. F; New, L. S; Koh, H. L; Chan, E. C. Ultra-high
performance liquid chromatography/time-of-flight mass spectrometry
(UHPLC/TOFMS) for time-dependent profiling of raw and steamed
Panax notoginseng. J. Pharm. Biomed. Anal. 2010, 52, 43—50.

(41) Hy, P; Luo, G. A;; Wang, Q.; Zhao, Z. Z.; Wang, W.; Jiang, Z.
H. The retention behavior of ginsenosides in HPLC and its application
to quality assessment of Radix Ginseng. Arch. Pharm. Res. 2009, 32,
667—676.

(42) Wang, J. R; Leung, C. Y,; Ho, H. M,; Chai, S.; Yau, L. F.; Zhao,
Z. Z; Jiang, Z. H. Quantitative comparison of ginsenosides and
polyacetylenes in wild and cultivated American ginseng. Chem.
Biodivers. 2010, 7, 975—983.

(43) Dong, T. T. X,; Cui, X. M,; Song, Z. H,; Zhao, K. J; Ji, Z. N,;
Lo, C. K; Tsim, K. W. K. Chemical assessment of roots of Panax
notoginseng in China: regional and seasonal variations in its active
constituents. J. Agric. Food Chem. 2003, 51, 4617—4623.

(44) Clarke, J. D.; Alexander, D. C; Ward, D. P.; Ryals, J. A;
Mitchell, M. W,; Wulff; J. E; Guo, L. Assessment of genetically
modified soybean in relation to natural variation in the soybean seed
metabolome. Sci. Rep. 2013, 3, 3082.

(45) Wang, J. R;; Yau, L. F,; Zhang, R; Xia, Y,; Ma, J; Ho, H. M,;
Hu, P,; Hu, M,; Liu, L,; Jiang, Z. H. Transformation of ginsenosides
from notoginseng by artificial gastric juice can increase cytotoxicity
toward cancer cells. J. Agric. Food Chem. 2014, 62, 2558—2573.

(46) Domon, B; Costello, C. E. A systematic nomenclature for
carbohydrate fragmentations in FAB-MS/MS spectra of glycoconju-
gates. Glycoconjugate J. 1988, S, 397—409.

9034

dx.doi.org/10.1021/jf502214x | J. Agric. Food Chem. 2014, 62, 9024—9034



