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Abstract{JGinseng saponins were analyzed by thermospray (TSP) LC/MS method using ODS column

and with acetonitrile/ammonium acetate solution. Optimal condition for TSP LC/MS was found as fol-

lows; capillary temperature: 330C, repeller voltage: 200V, and concentration of ammonium acetate: 0.

05 M. Panaxadiol and panaxatriol type saponins showed characteristic fragment ions. The calibration

curve of ginseng saponin showed good linearity with a correlation coefficient of 0.99. Detection limits

using selected ion monitoring (SIM) technique were improved by 10~200 times compared to conventio-

nal HPLC/UV detection method.
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Introduction

Ginseng is a well-known herbal medicine in the
Orient. Reported activities of ginseng include seda-
tive,” antifatigue,” hyperglycemic,” and anti-tumor?
activities. Ginsenosides are known to be the major
constituent of ginseng.

Many reports described analytical methods for
the ginsenosides which include colorimetry,” TLC
GC,"® HPLC” ' ion chromatography (IC)*® and
radioimmunoassay.” ' Among these techniques,
HPLC is the most widely accepted method since
it provides quantitative analytical data of individual
ginsenosides. However, UV detection at short wa-
velength limits the detection sensitivity.

Mass spectrometer is an universal detector which
can detect almost all organic compounds with good
sensitivity and selectivity.” Furthermore, it provi-
des valuable information on the structure of the
compound. In this respect, mass spectrometer is
one of the most ideal detector for the chromatogra-
phy. The problem in using mass spectrometer as
a liquid chromatographic detector arises from the
nature of the mass spectrometer and liquid chro-
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matography. Mass spectrometer principally works
in high vacuum and deals with gas-state analyte,
while liquid chromatography works with liquid mo-
bile phase and analyte molecule in solution. Recen-
tly, many interfaces have been developed to connect
LC and mass spectrometer.

Thermospray (TSP) LC/MS interface was first
introduced by Vestal, and successfully applied to
many compounds.” Normal HPLC flow rate of 1~2
m//min can be directly introduced to mass spectro-
meter through this interface. In the TSP interface,
column effluent containing volatile electrolyte pas-
ses through the hot stainless steel capillary, where
minute charged droplets are formed. The droplets
lose the solvent in the ionization chamber, and gas-
state ionized analyte is introduced into the mass
analyzer. Reverse phase HPLC which uses high pe-
rcentage of water as mobile phase is easily applied
in TSP ionization method. Since TSP ionization is
a mild ionization process, labile compound also can
be analyzed.

In this paper, we examined the analysis of ginse-
nosides by TSP LC/MS.

Materials and Methods

1. Reagents and chemicals
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Five kinds of ginsenoside standards were gene-
rous gift from Korean Tobacco and Ginseng Resea-
rch Institute and 5 kinds of ginsenosides were iso-
lated in our laboratory. Six-year old white ginseng
was purchased from the local botanical market in
Seoul. Distilled deionized water was prepared with
Barnstead ultrapure water system (USA). Acetonit-
rile was of HPLC grade and other chemicals were
of reagent grade.

2. Chromatography

The mass spectrometer was VG Trio-2 quadra-
pole mass spectrometer (VG Masslab, Manchester,
UK) with VG thermospray ion source and VG ther-
mospray probe. Young-In 910 pump (Young-In Sci.
Co., Korea) with Rheodyne Model 7125 injector was
used for HPLC. Hitachi L-4200 UV/Vis detector
(Hitachi, Japan) was used to monitor ginseng sapo-
nins. Zorbax ODS column (8cmX4.6 mm, 5 um,
USA) was used for the separation of ginsenosides.

3. Optimization of the condition of TSP LC/MS

The temperature of TSP capillary, repeller vol-
tage, and concentration of the electrolyte affect the
detection sensitivity and fragmentation in TSP inte-
rface.”™ To optimize these parameters the peak in-
tensity of ginsenoside Rgl was observed under va-
rious conditions. The repeller voltage was varied
from 100 to 300V, and capillary temperature from
280 to 340C. The effect of the concentration of the
electrolyte (ammonium acetate) in the mobile phase
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Fig. 1. The effect of repeller voltage on the total ion
current of ginsenoside Rg, (Zorbax ODS co-
lumn, 25% CH,CN in 0.05 M NH,Ac, 1 ml/min).
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was also examined.

4. TSP LC/MS spectra of ginsenosides

TSP LC/MS spectra of panaxadiol, panaxatriol,
and 10 kinds of ginsenosides were obtained by flow
injection at the optimal condition of each saponin.

5. Detection limit and dynamic linear range

To determine the dynamic linear range, the stan-
dard solution of each ginsenoside was injected at
its optimal condition and calibration curve was ob-
tained. The detection limit was determined with
the S/N ratio of 3. To compare the result with that
of HPLC/UV detection method, ginsenoside stan-
dard solution was injected with mobile phase of
25% acetonitrile and was detected at UV 207 nm.

Results and Discussion

1. Optimization of TSP LC/MS condition
Capillary temperature (OC) and repeller voltage
(SEL) were varied to observe their effect on the
signal of ginsenosides. In the case of ginsenoside
Rg,, the optimal condition was found at 280C (OC)
and 200V (SEL) (Fig. 1, 2). The peak intensity sho-
wed the maximum when the concentration of am-
monium acetate in mobile phase was 0.05 M (Fig. 3).
2. TSP LC/MS spectra of ginseng saponins
The TSP LC/MS spectral data of ginseng sapo-
nins which were obtained by flow injection analysis
are summarized in Table 1. The peaks at m/z 443,
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Fig. 2. The effect of capillary temperature on the total
ion current of ginsenoside Ryg, (conditions are
as in Fig. 1).
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Fig. 3. The effect of the concentration of the electrol-
yte on the peak intensity of sodium adduct ion
of ginsenoside Rf (flow injection, 20% CH,CN
In ammonium acetate aqueous solution, flow
rate : 1 ml/min).

425, 407 appeared in the spectra of panaxadiol type
saponins, which arised from the extraction of seve-
ral molecules of water from protopanaxadiol. Pana-
xatriol type saponins showed peaks at m/z 459, 441,
423, 405 which also arised from the extraction of
several molecule of water from their aglycon, proto-
panaxatriol. The panaxatriol and panaxadiol type
saponins could be distinguished by these peaks.
The peak at m/z 360 in the spectrum of ginsenoside
Rb1 was arised from glucose-glucose fragment, and
m/z 330 peak in the spectrum of ginsenoside Rb2

Table 1. LC/TSP-MS spectral peaks of ginseng saponins
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Fig. 4. TSP LC/MS chromatogram of some ginsenosi-
des, A~D : m/z 425, 423, 330 and 325, E : total
ion current (Zorbax ODS column, gradient elu-
tion : 30%—50% CH;CN in 0.05M ammonium
acetate, 1 mi/min).

was from glucose-arabinose.

3. Determination of ginsenosides by SIM

Fig. 4 shows TSP LC/MS chromatogram of ginse-
nosides on ODS column. Though a small drift was
observed in total ion chromatogram (TIC, Fig. 4E)
due to the change of eluent composition by gradient

Ginsenoside M.W. Formula m/z
Rb, 1108 CaaHuOs3 343, 361, 365, 407, 784, 806, 1130, 1131
Rb, 1078 CssHuOnz 313, 331, 407, 784, 1101
Re 1078 Cs3HeO:2 331, 360, 407, 426, 785, 1078, 1101
Rd 946 CisHgOus 424, 785, 969
Rg, 784 CuxHuwOi 342, 407, 425, 750, 783, 784, 808
PD 460 CaHs04 127, 407, 425, 443, 461
Re 946 CaxHiOns 345, 406, 424, 442, 459, 604, 639, 784, 946, 969
Rf 800 Ci:H7,044 361, 406, 424, 441, 765, 800, 823
Rg, 800 CpHrnOy 405, 423, 441, 603, 638, 823, 859
Rg. 784 CuH0q; 406, 424, 442, 749, 784, 808
Rh, 638 CysHeOg 406, 424, 442, 603, 621, 639, 661
PT 476 CH:sO4 127, 405, 423, 441, 459, 477

PD : panaxadiol, PT : panaxatriol.
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Table 2. Detection limits of ginseng saponins in TSP

LC/MS

) Detection limit (ng)

Ginseno- mz*
side SIM Scan
Rb, 49 1000 360
Rb;, 114 1200 312 330 342 407 425
Rc 21.8 4000 312 342 425
Rd 317 1500 342 407 425
Re 10.9 1800 405 423 441
Rg; 1.4 500 405 423 441
Rg. 74 400 423
Rgs 32.8 8200 342 407 425
Rh, 8.9 400 423

*Selected m/z for SIM (selected ion monitoring)

elution, the peaks of each saponin in the selected
ion monitoring (SIM) chromatogram (A~D) did not
show any drift. At m/z 425 (Fig. 4A), only panaxa-
diol-type saponins appeared and panaxatriol-type
saponins appeared at m/z 423 (Fig. 4B). The peaks
of ginsenoside Rb; and Rd were clearly separated
at their characteristic peaks of m/z 330 and 325
(C and D), while they were overlapped in TIC (E).

4. Detection limit and dynamic linear range

The detection limit was determined in both scan
mode and SIM mode. Intense peaks were monito-
red up to five for each saponins. The detection li-
mits were lowered by two orders compared to scan
mode or UV detection method (Table 2). The dete-
ction limit of ginsenoside Rgl was 400ng in UV
detection, while it was 1.4 ng in TSP LC/MS with
SIM mode. The calibration curve of ginsenoside
Re showed the correlation coefficient of 0.99 in the
range of 0.25~20pg in SIM mode.
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