This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

( OF
LIQUID
HROMATOGRAPHY

ECHN ES*

HPLC ANALYSIS OF GINSENOSIDES IN THE ROOTS OF ASIAN
GINSENG (PANAX GINSENG) AND NORTH AMERICAN GINSENG

Pl ana Tach r IS

Bl v (PANAX QUINQUEFOLIUS) WITH IN-LINE PHOTODIODE ARRAY

| AND EVAPORATIVE LIGHT SCATTERING DETECTION
| Wenkui Li% John F. Fitzloff*

Exfitess by
dack Cazes, Ph.D.

| 2 Functional Food for Health (FFH) Core Analytical Laboratory, Program for Collaborative Research in
the Pharmaceutical Sciences, Department of Medicinal Chemistry and Pharmacognosy, College of
l . i Pharmacy, University of Illinois at Chicago, Chicago, IL, U.S.A.
(j_/ Tayhor B Francis
Online publication date: 01 November 2002

To cite this Article Li, Wenkui and Fitzloff, John F.(2002) 'HPLC ANALYSIS OF GINSENOSIDES IN THE ROOTS OF
ASIAN GINSENG (PANAX GINSENG) AND NORTH AMERICAN GINSENG (PANAX QUINQUEFOLIUS) WITH IN-
LINE PHOTODIODE ARRAY AND EVAPORATIVE LIGHT SCATTERING DETECTION', Journal of Liquid
Chromatography & Related Technologies, 25: 1, 29 — 41

To link to this Article: DOI: 10.1081/JLC-100108537

URL: http://dx.doi.org/10.1081/JLC-100108537

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be |iable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1081/JLC-100108537
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09:12 24 January 2011

Downl oaded At:

J. LIQ. CHROM. & REL. TECHNOL., 25(1), 29-41 (2002)

HPLC ANALYSIS OF GINSENOSIDES IN
THE ROOTS OF ASIAN GINSENG (PANAX
GINSENG) AND NORTH AMERICAN
GINSENG (PANAX QUINQUEFOLIUS)
WITH IN-LINE PHOTODIODE ARRAY
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ABSTRACT

In-line connected ultraviolet (UV) and evaporative light
scattering (ELS) detection were compared in the reversed-phase
high-performance liquid chromatographic (HPLC) analysis of
ginsenosides in ginseng roots. Similar to all the QA/QC litera-
ture on ginseng and ginseng products, employing HPLC-UV,
the UV detection showed a good linearity in the range of
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30 LI AND FITZLOFF

100-2000 ng of ginsenosides, with minimum detectable concen-
tration of 10 ng of ginsenosides on the column.

In contrast, the sensitivity of the ELSD was found to be 5
times lower than that obtained with the UV, with minimum
detectable concentration of 50 ng of ginsenosides on the column.
Further, the calibration curve obtained with the ELSD was expo-
nential linear in the range of 200-2000ng of ginsenosides.
Quantitative evaluation in terms of ginsenosides using both
methods of detection showed similar results. But, in view of the
better sensitivity and easier handling, the UV is still recom-
mended for the routine analysis of ginseng samples.

INTRODUCTION

Ginseng has been widely used as a tonic and restorative agent in Chinese
traditional medicine. (1) During the last decade, the consumption of ginseng and
ginseng products have expanded outside of the Far East to the level of a
commonly used herbal medicine. Although several compounds in ginseng root
extracts may exert biological effects, it is well known that ginsenosides are the
compounds mainly responsible for the effects ascribed to ginseng. (2—4) Ginseng
and ginseng products are usually standardized and characterized according to the
content of ginsenosides. (5) The amount of ginsenosides in ginseng roots,
however, vary greatly, depending on the time of harvesting, growing environ-
ment, and species. There is, therefore, a real need for a rapid, simple, and reliable
methodology to determine the content of ginsenosides in the ginseng roots in
order to ensure a constant quality of ginseng products.

Measurement of ginsenosides can be accomplished by means of thin layer
chromatography (TLC)-densitometry, (6—7) radioimmunoassay, (8) droplet
counter current chromatography (DCCC), (9-10) gas chromatography (GC),
(11-13) and high performance liquid chromatography (HPLC), (10,14-30) with
HPLC having been studied extensively for the routine assessment of quality
assurance (QA) and quality control (QC) of ginseng and ginseng products.

Several detection techniques have been employed in the HPLC analysis,
including UV (10,14-24) pulsed amperometry, (25) photo-reduction fluores-
cence, (26) and refractometry. (27) Among these techniques, UV was utilized in
most of the published literature. Evaporative light scattering detection (ELSD)
was mainly used for biological molecules such as triglycerides, fatty acid esters,
steroids, and sugars, which lacked appropriate chromophores for UV absorbance
based detection. It has recently enjoyed renewed interest as an alternative to UV
in the saponin analysis; in part because of the dramatic improvements in the
design of the instruments, which have made the ELSD more sensitive than before.
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ANALYSIS OF GINSENOSIDES 31

In 1996, Park et al, first reported an HPLC-ELSD methodology to analyze
ginsenosides in Asian ginseng (Panax ginseng). The minimum detectable
concentration was reported to be more than 35 ng of ginsenosides on the column.
It was also claimed in the paper that the HPLC-ELSD method is superior to the
HPLC-UV method with respect to both sensitivity and separation. (28)

The ELSD is now complementary to, and competitive with the UV in the
routine analysis of ginseng because it can provide a stable baseline when gradient
elution is employed, even when buffer is used in the mobile phase. (29) However,
one concern is the comparability of the technique with the UV in routine analysis.
Further, the ELSD might have a lower sensitivity when compared with that of the
UV, although it could detect all the compounds in the effluents, especially those
without double bonds, e.g., 24(R)-pseudoginsenoside F;;, a characteristic
compound in North American ginseng (Panax quiquefolius). (30)

Based on a project aimed at evaluating HPLC-ELSD in routine analysis of
biologically active components in herbal extracts, this article reports an in-line
comparison of sensitivity, linearity, and reproducibility of UV versus ELSD for
the HPLC qualitative and quantitative analysis of ginsenosides in ginseng roots,
under identical conditions.

EXPERIMENTAL
Plant Material and Chemicals

Samples of Asian ginseng (Panax ginseng) and North American ginseng (P
quinquefolius) roots were obtained from the Institute of Chinese Materia Medica,
Chinese Academy of Chinese Traditional Medicine, Beijing, China and ginseng
farms located in Wisconsin, USA, respectively, and the voucher specimens are
deposited in the herbarium of the University of Illinois at Chicago Pharmacog-
nosy Field Station, Downer’s Grove, IL 60515, USA. The samples were ground
and mixed thoroughly before use. Ginsenoside standards (Rg;, Re, Rb;, Rc, Rb,
and Rd, Figure 1) were isolated and identified in the Program for Collaborative
Research in the Pharmaceutical Sciences, College of Pharmacy, University of
Illinois at Chicago, Chicago, IL 60612, USA.

Instrumentation

All HPLC analyses were performed using a Waters Alliance (Waters,
Milford, MA, USA) 2690 model instrument with a model 996 photodiode array
detector (PDA). The detection wavelength range of the PDA was set at 195—
210 nm. The evaporative light scattering detector (ELSD) model Sedex 75 (Cedex
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32 LI AND FITZLOFF

Rs

Ginsenoside R, R, R;
Rg, H gle O-glc
Re H gle O-gle[2-1]rha
Rb;, gle[2-1]gle gle[6-1]glc H
Re glc[2-1]glc  glc[6-1]ara(f) H
Rb, gle[2-1]gle  glc[6-1]ara(p) H
Rd gle[2-1]gle gle H

(gle: glucose; ara (p): o-L-arabinopyranose;
ara (f): a-L-arabinofuranose; rha: rhamnose)

Figure 1. Structures of ginsenosides Rg;, Re, Rb;, Rc, Rb,, and Rd.

94141, Alfortville, France) was connected in series to the PDA and the ELSD was
interfaced to the Waters Millennium 2000"™ chromatographic manager system
(Waters, Milford, MA, USA) loaded on a Compaq computer (Houston, TX, USA)
using a SATIN box for data handling and chromatogram generation. The HPLC
system was cleaned approximately once a month using 30% phosphoric acid,
followed by DI water, and 80% methanol in water, consecutively.

Standard Solutions and Calibration Curves of Ginsenosides

The ginsenoside Rg;, Re, Rb;, Rc, Rb, and Rd were dissolved in HPLC
grade methanol (Fisher Scientific Co. Fair Lawn, NJ, USA) to make a stock
solution. It should be noted, that this stock solution was found to be stable for
more than two months when stored at —20°C. Calibration standards were
prepared by diluting the stock solution with methanol in appropriate quantities. A
series of calibration standard solutions were made at the concentrations of 10, 20,
40, 80, 120, 160, and 200 pg/mL for each ginsenoside. Three controls were
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ANALYSIS OF GINSENOSIDES 33

prepared at 37.5, 62.5, and 125pg/mL for ginsenoside Rg;, Re, and Rby,
respectively. In the UV detection, the calibration curve was generated by plotting
the peak area under curve versus the concentration of standards. In the calibration
of the ELSD, the calibration curve was generated by plotting log-transformed
peak area under curve versus log-transformed concentration of the standards. The
regression equation was used to determine the concentration of control and
unknown samples.

Preparation of Sample Solutions

An accurately weighed portion of sample (0.5 g) was placed into a tarred
50-mL flask. 15 mL of methanol was added and shaken to mix. The mixture was
sonicated at 25-30°C for 30min, cooled, and filtered through filter paper
(Whatman #40) into a 250-mL round-bottom flask, and the residue returned to the
flask. Another 15 mL of methanol was added and the mixture was sonicated at
25-30°C for 30 min. The extract was filtered into the same round-bottom flask,
and the residue was washed with methanol (3 x 15mL) while on the filter. The
combined methanol extracts were brought to dryness, in vacuo, at 45-50°C. The
residue was redissolved with methanol (4 x 2 mL) and the solution transferred to
a 10-mL volumetric flask, and made up to the volume with methanol. The sample
solution was filtered directly into a HPLC sample vial, using a 0.2 pm Whatman
hydrophilic membrane filter (Whatman Inc., Clifton, NJ, USA) just prior to
HPLC analysis.

Chromatography

The chromatographic separations were carried out on a Waters Spherisorb
ODS-2 Cig column (250 x 4.6 mm, 5 pm particle size, Serial # 0123391941L,
Waters, Milford, MA, USA) protected by a Waters Delta-Pak C;g guard column
(Waters Technological Ireland, Ltd, Wexford, Ireland) and set at 20°C. The mobile
phase used for the separation consisted of solvent A (water, DI) and solvent B
(acetonitrile, Fisher Scientific Co., Fair Lawn, NJ, USA). The elution profile was:
0 — 20 min, 20% B; 20-60min, 20 — 42% B; 60 — 61 min, 42 — 90% B;
61 — 71 min (wash out), 90% B; 71 — 72 min, 90 — 20% B; 72 — 80 min,
20% B (reconditioning); all gradient steps were linear. The flow rate was set to
1.6 mL/min. The column temperature was fixed at 20°C and the injection volume
was chosen to be 10 pL.

The peak identifications were based on retention times, and comparison
with injected authentic reference compounds. The peaks were detected,
consecutively, with the UV and the ELSD. In the UV, the detection wavelength
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34 LI AND FITZLOFF

was set at 203 nm. After the UV detector, the eluent was transferred to the ELSD
with a gain of 11, the evaporation chamber temperature at 35°C, and the
nebulizing gas pressure at 3.4 bar. Prior to each run, the HPLC-UV-ELSD system
was allowed to warm up for 20-30 min and the pumps were primed using the
protocol suggested by the manufacturer. Using freshly prepared mobile phase, the
baseline was monitored until stable before the samples were run.

Quantification

Asian ginseng (Panax ginseng) and North American ginseng (P
quinquefolius) were extracted, following the procedure as above, and analyzed
in triplicate. Concentrations of ginsenoside Rg;, Re, Rb;, Rc, Rb,, and Rd were
interpolated using the calibration graphs made with external standards.

Reproducibility

The reproducibility of the UV and the ELSD were determined by analyzing
three quality control solutions containing a known amount of ginsenoside Rgy,
Re, and Rb;, respectively. Each solution was injected three times and the
concentrations of ginsenosides, Rg;, Re and Rb;, were calculated using the
calibration graphs. The precision was determined by calculating the relative
standard deviation (RSD). The accuracy was estimated by comparing the average
of measured values and the actual concentration of quality control solutions.

RESULTS AND DISCUSSION
Chromatography and Sensitivity

The main aims of the current study were to compare the ELSD with the UV
for the qualitative and quantitative analysis of ginsenosides in ginseng roots.

For the quantitation of ginsenosides in ginseng roots, the present HPLC
method was developed, because not only could the ginsenosides be simulta-
neously determined, but also, the different ginsenosides in each group were well
separated in 60 minutes with baseline resolution.

In the UV, the detection was highly sensitive with identical minimum
detectable concentrations (S/N>3) of 10ng on the column for all the
ginsenosides analyzed in the current assay.

In ELSD, a constant nebulization process is important for satisfactory
repeatability. Several factors have influence on the average diameter of the
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ANALYSIS OF GINSENOSIDES 35

droplets and their distribution, which include density, viscosity, and liquid surface
tension. Among these factors, the nebulizer gas flow rate affects the signal
responses most significantly. When the gas flow rate is too low, large droplets are
formed, resulting in spikes and random noise. But, when the gas flow rate is too
high, the droplets decrease in size, which results in a decreased signal response.
The optimum nebulizer gas (nitrogen) pressure in this work was determined to be
3.4 bar. The evaporating temperature is also an important parameter affecting the
signal response.

At low temperature, solvent evaporation is not complete, and at high
temperature, the detector response is decreased, owing to the decrease in particle
size by improper vaporization of the nebulized analytes in the drift tube. The
signal-noise ratio (S/N) was improved when the temperature was lowered to
35°C. Also the gain in ELSD was set at 11 in order to obtain the best sensitivity.
(31) Compared with the UV, the ELSD showed a lower sensitivity with minimum
detectable concentration of 50ng (S/N > 3) of ginsenosides on the column.

Calibration

As indicated in the literature,(14—24) the calibration curve generated in the
UV detector was linear with the peak area against the concentration (r* being
more than 0.998 for all ginsenosides) in the range of 100-2000 ng. In the ELSD,
second-order polynomial calibration curves were observed with peak area against
concentration. After log-transformation, the plot of the logarithm of the peak area
versus the logarithm of the concentration was a straight line with r* more than
0.997 for all ginsenosides.(29—30) Calibration range, detection limits, and
correlation coefficient for each ginsenoside in the UV and the ELSD are
summarized in Table 1.

Reproducibility

The reproducibility of both detectors was validated on the basis of analysis
of three sets of quality control solutions, containing 37.5, 62.5, and 125 pg/mL of
ginsenoside Rg;, Re, and Rby, respectively. The results are shown in Table 2. At
three different concentrations, the coefficients of variation for the UV were found
to be less than 4.24% and the mean relative errors ranged from —1.5 to —5.67%.
In the ELSD, the coefficients of variation were found to be less than 9.89% and
the mean relative errors ranged from —1.43 to —8.35%, respectively.

MaRcEL DEKKER, INC.
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36 LI AND FITZLOFF

Table 1. Determination of Linearity of Calibration of Ginsenosides Employing UV and
ELSD

Correlation
Ginsenoside Detection Mode Regression Curve Coefficient (%)
Rg; UV (10-200 pg/mL) Y =326.6287X—5841.978 0.9992
ELSD (20200 pg/mL) Y =1.6132X+0.709 0.9982
Re UV (10-200 pg/mL) Y =317.7215X—-9370.835 0.9987
ELSD (20200 pg/mL) Y = 1.793X+0.248 0.9976
Rb, UV (10-200 pg/mL) Y =230.0347X—-3038.414 0.9987
ELSD (20-200 pg/mL) Y = 1.6675X+0.8587 0.9998
Re UV (10-200 pg/mL) Y =259.1406X—2888.536 0.9992
ELSD (20200 pg/mL) Y =1.668X+0.9248 0.9992
Rb, UV (10-200 pg/mL) Y =281.5289X—5719.268 0.9992
ELSD (20200 pg/mL) Y =1.7153X+0.8117 0.9997
Rd UV (10-200 pg/mL) Y =205.1927X-3691.178 0.9992
ELSD (20-200 pg/mL) Y = 1.6385X+0.7542 0.9997

Sample Analysis

Both techniques gave reliable and reproducible results, both in qualitative
and quantitative terms. Table 3 compared the contents (percentage of dry weight)
and relative standard deviations of six ginsenosides in Asian ginseng (Panax
ginseng, Figure 2) and North American ginseng (Panax quinquefolius, Figure 3).
The reported values are the means of three separate extractions of each sample.
The results with the two techniques are comparable for all ginsenosides tested
herein, although, most of the ELSD% values and standard deviations are, in all
cases, slightly higher than those obtained with the UV.

Table 2. Relative Standard Deviation (RSD, %) and Accuracy (RE, %) of Integration
Results for Ginsenosides Rg;, Re and Rb,*

Rgl Re Rb]

RSD RE Concentration RSD RE Concentration RSD RE Concentration
(%) (%)°  (ng/mL) (%) (%)" (ng/mL) (%)" (%)  (ng/mL)

LC-UV 424 —1.53 37.5 4.03 2.39 62.5 2.93 —-5.67 125
LC-ELSD 9.89 —1.43 37.5 4.88 9.35 62.5 4.23 —8.35 125

?The amount of the compounds (ng) are reported in parentheses.
b
n=3.
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Figure 2. The typical HPLC-UV and HPLC-ELSD chromatograms of Asian ginseng
(Panax ginseng) methanolic extract.

As expected, the HPLC-UV analysis is much easier in setting the detector
parameters than that of HPLC-ELSD; using HPLC-ELSD, it is necessary to
optimize three important parameters, e.g., nebulizing gas pressure, evaporating
temperature, and gain. But, as long as these parameters have been optimized, they
could be set for routine analysis.

CONCLUSIONS

An in-line comparison of ultraviolet (UV) and evaporative light scattering
(ELS) detections was carried out in the reverse-phase high performance liquid
chromatographic (HPLC) analysis of ginsenosides in ginseng roots. These two
detectors were found to be comparable with regard to sensitivity, calibration, and
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Figure 3. The typical HPLC-UV and HPLC-ELSD chromatograms of North American
ginseng (Panax quinquefolius) methanolic extract.

reproducibility. Similar results were obtained for the quantitation of six
ginsenosides in Asian ginseng (Panax ginseng) and North American ginseng
(P quinquefolius). Further studies to find applications of HPLC-ELSD and
HPLC-UV-ELSD in ginseng analysis are presently under way.
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