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A liquid chromatography/mass spectrometry (LC/MS) method with selected ion monitoring was
developed and validated to analyze the contents of protodioscin and rutin in asparagus. The distribution
of rutin and protodioscin within the shoots was found to vary by location, with the tissue closest to
the rhizome found to be a rich source of protodioscin, at an average level of 0.025% tissue fresh
weight in the three tested lines, while the upper youngest shoot tissue contained the highest amount
of rutin at levels of 0.03—0.06% tissue fresh weight. The lower portions of the asparagus shoots that
are discarded during grading and processing should instead be considered a promising source of a
new value-added nutraceutical product.
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INTRODUCTION xanthine oxidase inhibitord 6), antineoplastic activityl(7, 18),

Asparagus (Asparagus officinalis, Family Liliaceae) is a angl improving sexual desire a_md gnhancing e'rectifbﬁ); (tis _
popular vegetable that is consumed in many parts of the world of interest t_o .nott_a that p_rotod!oscm is the major component in
for its edible shoots used in salads, vegetable dishes, and soups® Popular libido-increasing dietary supplemefiibulus ter-
Historically, asparagus has been used as a traditional medicingestris (20). Given these activities, this compound became a
in both European and Asian cultures. In China, asparagus hagnajor focus of our research, but the accurate analysis of
been used in traditional Chinese medicine as a tonic, antifebrile, pProtodiosin from botanical sources has limited research and is
antitussive, hair growth stimulator, and diuretic agehj. (  challenging due to its weak UV absorption. Only a few papers
Asparagus root is also formally listed by the German Commis- provide reliable procedures for the quantification of protodiosin,
sion E @) as an approved medicinal product in the treatment and of these, the analytical focus was on the determination of
of inflammatory diseases of the urinary tract, for prevention of this compound inTribulus. Those protocols focused on the
kidney stones, and with a noted diuretic effect. Modern analysis of protodioscin by a colorimetric metha2il) and
pharmacological studies have found the extracts of asparagusjuantification of the aglycone diosgenin by high-performance
to possess certain biological activities including antifun@y (  liquid chromatography (HPLC) and then converting it back to
diuretic (4), cytotoxic {, 5—7), antiviral 8), and molluscicide protodioscin (22) and direct quantification of protodioscin by
(9) properties. HPLC using evaporative light scattering detecti@0); How-

Asparagus is a rich source of phytochemicals. Several typesever, these methods may not directly apply to protodioscin
of compounds including flavonoids, sterol saponins, oligosac- analysis in asparagus.
charides, cfarote_n_md_s, sulfur-containing acids, and amino acids Rutgers University has an active program in asparagus re-
have been identified in asparags10—-12). Among thiswide  go5:ch Among the goals of this program is to increase the levels

group of compounds,h protodlosc(;n 4fisiOz2), the Pmajo‘;. _of bioactive compounds (protodioscin and rutin) in asparagus
saponin in asparagus, has attracted more attention. Proto .'QSC"P)y breeding. This requires accurate identification and quantifica-
has_ been associated with b|oact|V|t_|es |ncIud|n_g CYLOWOXICILY 4 of these compounds in the parent plants and a large number
against several human cancer cell lines, especially selectlvelyOf the progenies. Here, we report a positive and negative

against one leukemia line (MOLT-4), one NSCLC line (AS49/ electrospray ionization (ESI)-mass spectrometry (MS) method
ATCC), and two colon cancer lines (HCT-116 and SW-620) in pray . pec o4 .
to characterize the major compounds including saponins and

a brand new pattern when compared in the NCI's anticancer fl ids hoots. We also develoned and validated
drug screen database (13), antiherpes simplex virus type 1 (HSV- avonolds In asparagus shoots. We aiso developed and valldate
1) activity (14), cytotoxic activity against human leukemia HL- a L_C/ MS me_thod with _sele_cted lon _mc_)nltormg to quantify the .
60 cells (1,5), cytotoxicity on cultured C6 glioma cell4s), major saponins protod|o_scm and ru_tl_n in asparagus shoots. This
method is accurate, reliable, sensitive, and simple and can be
* To whom correspondence should be addressed. Tel: 732-932-9711 used to analyze various asparagus samples with varied amounts
ext. 367. Fax: 732-932-9441. E-mail: mwang@aesop.rutgers.edu. of rutin and protodioscin.
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MATERIALS AND METHODS monitoring (SIM) and LC/MS/MS with selected daughter ion monitor-

i ) ing under positive ion mode and negative ion mode. For LC/MS with
Plant Materials. Asparagus shoots were harvested from three lines g\ under the positive ion mode (0.1% formic aeidcetonitrile as

of asparagus from Rutgers Agricultural Research and Extension Center, oo phase), we selected the [M 18 + 1]* ion peak to quantify
at Bridgeton, NJ, in May—June 2000. Shoots were harvested by hand, pqtodiosin in asparagus; yet, even under these conditions, we only
at the ideal time for the fresh market, cleaned, and prepared as if for ¢, g achieve good linearity in a very narrow concentration range, not
sale on the fresh market. Each spear was then immediately frozen afterjiaple for analyzing asparagus samples with wide protodioscin content
field harvesting and stored underl0 °C. variation. Under positive mode, we also tried to quantify protodioscin
Chemicals and General ProceduresAll solvents used in this using an LC/MS/MS method by monitoring the daughter ion 869 from
research were HPLC grade and purchased from Fisher Scientific the first stage mass ion peak [M 18 + 1]*. This method should
(Springfield, NJ). Rutin was purchased from Sigma (St. Louis, MO), ' theoretically be better than LC/MS because it goes through a two stage
prOtOdiOSin was purified from tribulus eXtI’aCt, and the structure was Selection’ for We”_separated asparagus Compounds’ the advantage was
validated by NMR spectra and MS data. HPLC analyses were performednot significant, and there, too, a linearity was achieved only across a
on an Agilent 1100 system equipped with an autosampler, a quaternarynarrow concentration range. We next evaluated a negative mode,
pump system, a photodiode array and multiple wavelength detector, agjthough theoretically, formic acid in the mobile phase should suppress
thermostated column compartment, a degasser, and a Chemstatiofhe negative ion formation thus lowering the sensitivity of testing. Under
software. Negative and positive ESI-MS were measured on an Agilent this negative mode, at the energy level of 60%, the drying temperature
1100 LC/MSD system equipped with an electrospray ion source, Bruker gt 325°C, and the [M— 1]~ was observed as the major ion peak for
Daltonics 4.0 and Data analysis 4.0 software. A prepacked 25«mm  protodioscin, thereby allowing this ion to be selected for use in the
4.6 mm (5um particle size) Luna & (2) column (PhenomeneX,  quantification of protodioscin in asparagus. We later found this method
Torrance, CA) was selected for HPLC analysis. The absorption spectratg pe very sensitive and accurate in achieving a linearity over a wide
were recorded from 200 to 400 nm for all peaks; quantification for concentration range. Finally, the LC/MS quantification method was
rutin was carried out at a single wavelength of 255 nm. selected to run under negative mode. The instrumental conditions were
Preparation of Samples for HPLC Analysis and LC/MS Analysis. identical to that described above except the mobile phase A was 0.1%
Six frozen asparagus shoots of each line were separated equally intoformic acid. SIM was used to record the abundance of the-{MI]~
three parts (top, middle, and bottom, each about 8 cm long). Samplesmolecular ion peaks an/z1047.9 for protodioscin and at/z609 for
were removed from the freezer, immediately cut into small pieces, and rutin. Quantification was based on the LC/MS peak areas of proto-
ground under liquid nitrogen to ensure that all samples were uniform. disocin and rutin, and standard curves were used for calculation.
About 2 g of each sample was then separately weighed to 50 mL  validation of LC/MS Method with Selected lon Monitoring.
volumetric flasks, and 35 mL of 70% ethanol aqueous solution was Accurate assessment of the contents of bioactive compounds in botanical
added to the flasks. Samples were sonicated for 45 min and then allowedsamples requires the validation of certain analytical parameters such
to cool to room temperature and filled to volume with 70% ethanol. as precision, recovery, linearity, and limit of detection. The precision
The extraction solution was transferred to the centrifuge tube and cen-of this LC/MS method with SIM under negative mode was performed
trifuged at 12 000 rpm for 2 min to obtain a clear solution for HPLC by injecting an asparagus shoot bottom extract eight times. The relative
analysis. standard deviation (RSD) was found to be 2.47% for the content of
Preparation of Standards for HPLC Analysis. About 3 mg of protodioscin and 3.01% for the content of rutin, suggesting that the
each standard compound (rutin and protodioscin) was accurately method is suitable for protodioscin and rutin analysis. The recovery
weighed and placed into a 10 mL volumetric flask. Seven milliliters was validated by spiking one sample with known concentrations of
of 70% ethanol was added, and the solutions were sonicated for 15protodioscin and rutin and then calculating recovery rate. Results
min. The flasks were allowed to cool to room temperature and filled showed that 95.25 and 92.70% of the theoretical amounts of rutin and
to full volume with 70% ethanol solution. Calibration curves were protodioscin were recovered. The calibration cunkégyre 10) of this
established on 12 data points covering a concentration range of 8:0487 method were constructed by injecting the standard solution across 12
280 ug/mL for rutin and 0.0609350 ug/mL for protodioscin. Ten different concentrations (0.000048@.28 mg/mL for rutin and
microliter aliquots were used for HPLC analysis. 0.0000609—0.35 mg/mL for protodioscin). The linearity range of
Quantitative Determination of Rutin by HPLC. A Luna C18 @), detection was found to be 0.0000487.001554 mg/mL for rutin and
5um, 4.6 mmx 250 mm column was used in this HPLC analysis. 0.0000609—0.0777 mg/mL for protodioscin, suggesting that this
The column temperature was ambient, and the mobile phase includedprotocol is a very sensitive method for the quantitative analysis of
water (containing 0.1% formic acid, solvent A) and acetonitrile (solvent protodioscin and rutin. The linearity of the HPLC method with UV
B) in a gradient system. The total running time was 30 min. The gra- detection for rutin was found to be 0.000487.28 mg/mL (see
dients were 0 min, 84% solvent A and 16% solvent B, 20 min, 60% calibration curve irFigure 11). These validation studies show that the
A, 40% B, 30 min, 40% A and 60% B, and the postrunning time was recommended method is reliable and sensitive allowing for the
15 min. The flow rate was 0.7 mL/min, the injection volume was 10 phytochemical analysis of rutin and protodioscin from asparagus.
uL, and the detection wavelength was set at 255 nm for rutin analysis.
HPLC/MS Conditions for Characterizing Major Compounds in RESULTS AND DISCUSSION

Asparagus Shoot Extract. The mobile phase was the same as the . f
HPLC method described above except mobile phase A was 0.05 M EXtraction. Fresh asparagus was ground and extracted for

ammonium acetate buffer (pH 4.25) instead of 0.1% formic acid. The analysis of bioactive phytochemicals. Ethanol (70%) was se-
electrospray ion mass spectrometer (ESI-MS) was operated under dected as extraction solvent in this study because in our prelim-
positive ion mode or negative mode and optimized collision energy inary work we found that when dissolved in methanol or meth-
level of 60%, scanned from/z200 to 1400. ESI was conducted using  anol solution, protodioscin could rapidly convert into methyl
a needle voltage of 3.5 kV. High-purity nitrogen (99.999%) was used protodioscin. In contrast, this compound was stable in ethanol,
as drying gas, and the flow rate was at 9 L/min, while the capillary - ethanol solution, and acetonitrile. Methanol was avoided in this
temperature was at 32%. Helium was used as the r!epulizer at 45_ udy.
ﬁf;(gfm'zsse'r:gitﬁ\ﬁ;ce and MS parameters were optimized 10 0btain -5 4 terization of Major Components in Asparagus by

) LC/MS Method. Positive and negative ESI-MS were used to

Selection of HPLC/MS Conditions for the Quantification of identify th . dsi s Authentic rutin and
Protodioscin. As protodioscin lacks a chromophore, it precludes identify the major compounds in asparagus.

sensitive detection by UV and only can be accurately analyzed by Protodioscin were run first to confirm that the protonated,
specific detection such as evaporative light scattering detection and Sodium-abducted, and deprotonated molecules could be observed
MS detection. We tried many different conditions to identify a reliable under either positive or negative mode. For rutin, at reasonable
and accurate method of analysis including LC/MS with selected ion experimental conditionsn/z611 [M + 1] or 633 [M + NaJ"
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Figure 1. Representative positive ESI mass spectrum of rutin.
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Figure 2. Representative positive ESI mass spectrum of protodioscin.
100

was always observed in the positive mode amd 609 [M — 7955 [M+ha]

1]~ was observed under the negative mode. The representative
MS spectrum of rutin under positive mode is illustrated in
Figure 1. Results were significantly different with protodisocin,
where under a negative mode, optimized collision energy level
of 60%, scanned fronm/z 200 to 1400, using 0.1% formic
acid—acetonitrile as mobile phase; significant [M 1]~
molecular ion was observed. Under positive mode, the dominant
peak was always [M- 18 + 1]" and neither [M+ 1] nor [M

+ NaJ* could be detected under various analytical conditions 033

including low collision energy and low drying temperature. 4653

However, when the mobile phase was changed to 0.05 M 1 | | [ L . .
ammonium acetate buffer (pH 4.25)cetonitrile gradient, and 200 500 1000

at the optimum collision energy level of 60%, the [ 1]* Figure 5. Positive ESI-MS of peak 1.

and [M + NaJ* were finally detected. Other peaks detected

include neutral losses of rhamnose (Rha) and glucose (Glu) atl appears to be a rutin type of flavonoid based on its MS spectra
m/z: 869.8 [M— 18 — Glu + H]*, 739.7 [M— 18 — 2Rha+ (Figure 5) as the same aglycone mass peakn&303.3 was
H]*, and 577.6 [M— 18 — 2Rha— Glu + H]*. The mass found for this compound as found with rutin and online UV
spectrum of protodioscin is illustrated Figure 2. The major spectrum with maximum absorption at 255 and 355 nm. On
ion peak [M— 18+ 1]" observed in MS for protodioscin was the basis of its molecular ion at/z[M + NaJ" at 795.6, the
further subjected to MS/MS analysis, the major second stagecompound should have an extra sugar molecule on its structure
mass ion peaks include 869.5 [M 18 — Glu + H]*, 723.4 as compared to rutin alone.

[M — 18 — Glu — Rha+ H]*, 577.5 [M— 18 — 2Rha— Glu The mass spectrum of the fourth compound showed ion peaks
+ H]*, and 415.3 [M— 18 — 2Rha— 2Glu + H]". The [M + 23]" atm/z925.8, [M— 18 + 1]* atm/z885.9, and [M
MS/MS of ion peak am/z1031.9 was shown ifigure 3. All — 18 — Glu + 1]" at m/z723.8 (Figure 6). The major ion

mass data were assignable to the structure of protodisocin. peak atm/z885.9 was further subjected to MS/MS analysis. In
A representative total ion chromatogram of asparagus shootits MS/MS spectra, ion peaks at/z415.4, 579.5, and 723.5
bottom parts under positive ion mode (run using 0.05 mM were observedHigure 7). An ion peak aim/z415.4 suggests
ammonium acetateacetonitrile gradient) shows five significant  that this compound may have the same aglycone as protodisocin,
peaks (Figure 4). Peaks 2 and 3 were identified as rutin and and m/z 723.5 [M — Glu — 18 + 1]* suggests its structure
protodioscin, respectively, by comparing the mass spectrum, may also have a substituted glucose at the C-26 position. For
retention time, and UV absorption with reference standards. Peakm/z 579.5, we suggest that there may be a typical steroidal
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asparagus as reported earlier is likely an artifact produced during
methanolic extraction and isolation.
Determination of the Contents of Rutin and Protodiosicin
in Asparagus ShootsThe sample solutions were subjected to
saponin loss of 144 fromvz 723.5 (the mechanism was recently LC/MS analysis under negative ion mode with UV detection at
proposed for steroidal saponin@3). These mass data suggest 255 nm for rutin, with monitoring ion peaks a¥z 609 for rutin
that the fourth compound might be asparsaponin Il, a saponinand 1047.9 for protodioscin analysis. The RSDs of these
previously purified from asparagus (12). analyses were found to be less than 8%. Each section of the
The fifth compound showed ion peaks [M Na]™ at m/z shoot tissue differed significantly in the accumulation of rutin
927.8, [M— 18+ 1]t at 887.9, and [M— 18 — Glu + 1] at and protodioscinKigures 12and13). The bottom or older tissue
m/z 725. 8 Figure 8). The MS/MS of the major ion ain/z contained> 100 times the protodioscin concentration than the
887.9 (Figure 9) showed ion peaks at/z417.4, 579.5, and  top and youngest tissues ar@0 times of the middle part. In
725.5. An ion peak ain/z417.4 suggested that its aglycone contrast, the youngest stem tissue of the spear, the top part,
might have two extra protons than the aglycone of protodioscin. contains the most rutin. Asparagus for the fresh market is
The ion peak ain/z725.5 [M — 18 — Glu + 1]* suggests that  generally harvested at the length in excess of 23 cm and later
it may also have a substituted glucose at the C-26 position. Theserimmed to a length of 23 cm. Results from this research show

ull

1
1000

data indicate that the fifth compound may b &5,25S)-26-
(5-p-glucopyranosyl)-22-hydroxyfurostan-3-yl®-6-deoxyet-
L-mannopyranosyl)-®-glucopyranoside, a saponin purified
from Asparagus cochinchinensi®4). On the basis of the

that those sections normally removed and discarded are an
excellent source of protodioscin. The calculated contents of
protodioscin at the tops were about 0.24 mg per 100 g in these
three lines, while the bottom section, which would be a

retention time and mass spectrum, methylprotodioscin was notbyproduct of fresh asparagus, contained very high levels of 25
detected in the asparagus extract indicating that its presence irmg of protodioscin per 100 g fresh sample and 250 mg per 100
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