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Abstract
In this study, a fingerprint of steroid saponins, the major bioactive constituents in the crude
extracts from Dioscorea zingiberensis C. H. Wright (DZW), has been established for the first time
by high-performance liquid chromatography coupled with evaporative light scattering detector
(HPLC-ELSD) and the simultaneous characterization of the steroid saponins by high-performance
liquid chromatography coupled with electrospray ionization-mass spectrometry and quadrupole
tandem time-of-fight mass analyzers detection (HPLC-ESI-Q/TOF). These HPLC analyses were
both carried out on a Welchrom C18 column (250 mm × 4.6 mm I.D., 5 μm) with a mobile phase
composed of water and acetonitrile under gradient elution. There were 68 common characteristic
peaks in the fingerprints, in which 12 of them were confirmed by comparing their mass spectra
and retention times with those of the reference compounds. In order to identify the other unknown
peaks, their fragmentation behaviors characteristic for the major groups of steroid saponins from
DZW with six types of aglycone skeletons were discussed in detail, and possible MS/MS
fragmentation pathways were proposed for aiding the structural identification of these
components. According to the summarized fragmentation patterns, these peaks were tentatively
assigned by matching their empirical molecular formula with those of the published compounds,
or by elucidating their quasi-molecular ions and fragment ions referring to available literature
information when the reference standards were unavailable. As a result, 22 steroid saponins were
found in DZW for the first time. In addition, the quantitative analysis of the 12 known peaks was
accomplished at the same time which indicated that there was a great variability in the amount of
these active compounds in different batches in the crude extracts. This approach could
demonstrate that the fingerprint could be considered to be a suitable tool to comprehensively
improve the quality control of DZW, and the identification and structural elucidation of the peaks
in the fingerprint may provide important experimental data for further pharmacological and
clinical researches.
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1. Introduction
It is well known that traditional Chinese medicine (TCM) is a complex mixture containing
tens or even hundreds of chemically different constituents which, unlike pure synthetic
drugs, often exhibit the synergic therapeutic effects [1–3]. In the standardization quality
control of TCM, direct qualification and quantification of the naturally-occurring active
constituents is a desirable criterion. However, it would be impossible if some of the active
markers or reference compounds in the complex TCM are not commercially available. In
addition, most of the natural products are so complex that the analysis during quality control
of the TCM is rather tedious. So the traditional quality control methods require a number of
very severe challenges [4, 5]. Therefore, it is absolutely necessary to develop more sensitive
and reliable analytical methods for the quality control of TCM in order to guarantee its
efficacy and safety when they are utilized in clinical practices.

The application of quadrupole time-of-flight tandem mass spectrometry (Q-TOF), which can
yield empirical chemical formula based on the accurate masses of molecular ions and
detailed fragmentation information, is a rapid and sensitive technique with great accuracy
and precision for structural elucidation [6–8]. So, direct coupling of high-performance liquid
chromatography with tandem mass spectrometry (HPLC-MS/MS) could facilitate
informative and high-throughput screening of chemical constituents, and it has been proven
to be a powerful tool for the rapid on-line analysis of the known compounds as well as
identification of the structures of unknown compounds in complex TCM [9, 10]. Because of
aforementioned characteristics, this technology will be widely employed to control the
quality of TCM in the future. The chromatographic fingerprint of a plant material, as a
comprehensive quantifiable identification method to show chemical information of herbal
medicines, has been an efficient approach for the evaluation and quality control of complex
TCM in recent years [11, 12]. This chromatographic fingerprint technique could be used to
determine the identity, authenticity, batch-to-batch consistency of the herbal medicines, and
it is also useful to overcome the limitations when using few marker compounds [13].
Consequently, the method would be more valid and efficient than the traditional methods in
quality control of TCM.

Dioscorea zingiberensis C.H.Wright (DZW), a native plant in China, is one of the most
commonly used raw materials in a traditional Chinese medicine (TCM) [14]. The steroid
saponins, especially the water-soluble ones present primarily in the rhizomes, are the main
bioactive components that have been used in clinic for the treatment of coronary heart
disease, because of enhansing coronary blood flow (MBF), improving peripheral circulation
and depressing platelet aggregation, as well as decreasing cholesterol and triglyceride in
blood for many years [15]. What’s more, diosgenin, which exists in the form of steroid
saponins and extracted mainly from the tubers of Dioscorea zingiberensis, is an important
precursor for the synthesis of steroid hormone drugs and steroidal contraceptives such as
adrenal cortex hormone, sex hormone, progestational hormone and anabolic steroid [16, 17].
In China, DZW is the preferred species for the production of diosgenin, as it has the highest
contents of steroid saponins among the Dioscorea L. plants [18]. Although separation and
purification of steroid saponins from DZW have been challenged by some researchers for
many years, only a small fraction of them, about twenty, have been identified, because of the
structural complexity, especially their sugar linkages. Many published papers have reported
the determination of some steroid saponins in DZW [19], such as zingiberensis new saponin,
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deltonin, and dioscin, using analytical methods mainly including high performance liquid
chromatography (HPLC). Obviously, only identification and quantitative determination of
these few compounds alone are not sufficient for the comprehensive quality control of the
DZW, since TCM is a complicated system. Because of these reasons, it is necessary to
develop an effective and reliable method for qualitative and quantitative analysis of DZW,
which can analyze as many steroid saponins as possible in DZW to ensure its safety and
efficacy.

This paper describes two combined methods, a fingerprint using HPLC coupled with
evaporative light scattering detector (HPLC-ELSD) and HPLC coupled with Q-TOF
(HPLC-Q-TOF) for qualitation and quantification of the common characteristic peaks
present in the fingerprint. Among the HPLC peaks, 12 known compounds were
unambiguously confirmed by comparing their mass spectra and retention times with that of
available reference compounds. Sugar chains of these reference compounds were
summarized and divided into six different classes based on their aglycones in Fig. 1 and in
some cases from the data reported in the literature. Other 56 unknown compounds were
tentatively assigned either by matching empirical molecular formula with those of the
published compounds or by elucidating quasi-molecular ions and fragment ions referring to
the available literature information. The generated data thus provided valuable insight into
the application of fingerprint and HPLC-MS in the analysis and quality control of DZW.

2. Experimental
2.1. Plant materials

In the present study 20 batches of DZW were collected in several different natural growth
sites in Ankang County of Shaanxi Province in China. These herbs were identified by
Professor Yazhou Wang (Northwest University, Xi’an 710069, China), and were
spontaneously dried in the sun. Voucher specimens were deposited in the Biology and
Medicine Key Laboratory of Shaanxi province, China.

2.2. Chemicals and reagents
HPLC grade acetonitrile (ACN) was obtained from Merck (Darmstadt, Germany).
Deionized water (18 MΩ cm−1) was supplied with a Millipore Milli-Q water system
(Milford, MA, USA). Other reagents were of analytical purity.

2.3. Standard compounds and preparation solutions
The following ten steroid saponins, were isolated and purified from DZW in the authors’
laboratory and their structures were elucidated by their spectral data (MS, and 13C NMR),
and their purities were above 98% as determined by HPLC: they are (1) 26-O-β-D-
glucopyranosyl-(25R)-furost-5-en-3β, 22ζ, 26-triol-3-O-[β-D-glucopyranosyl-(1→3)-β-D-
glucopyranosyl-(1→4)-α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside (A), (2) 26-O-
β-D-glucopyranosyl-(25R)-furost-5-en-3β, 22 ζ, 26-triol-3-O-[β-D-glucopyranosyl-(1→3)-
α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside (C), (3) 26-O-β-D-glucopyranosyl-
(25R)-furost-5, 20(22)-diene-3β, 26-diol-3-O-{α-L-rhamnopyranosyl-(1→4)-[β-D-
glucopyranosyl-(1→3)-β-D-glucopyranosyl-(1→2)]}-β-D-glucopyranosid (E), (4) 26-O-β-
D-glucopyranosyl-(25R)-furost-5, 20(22)-diene-3β, 26-diol-3-O-[β-D-glucopyranosyl-
(1→4)-α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranosid (F, Huangjiangsu A), (5) 26-O-
β-D-glucopyranosyl-(25R)-furost-5-en-3β, 22ζ, 26-triol-3-O-[α-L-rhamnopyranosyl-
(1→4)]-β-D-glucopyranoside (G), (6) 3-O-β-D-glucopyranosyl-(1→3)-[α-L-
rhamnopyranosyl-(1→2)-β-D-glucopyranosyl-(1→3)-β-D-glucopyranosyl-(1→4)]-
diosgenin (H, zingiberensis new saponin), (7) 3-O-β-D-glucopyranosyl-(1→3)-[α-L-
rhamnopyranosyl-(1→2)]-[β-D-glucopyranosyl-(1→4)]-diosgenin (I, deltonin), (8) 3-O-β-
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D-glucopyranosyl-(1→3)-[α-L-rhamnopyranosyl-(1→4)]-[α-L-rhamnopyranosyl-(1→2)]-
diosgenin (J, dioscin), (9) 3-O-β-D-glucopyranosyl-(1→3)-[α-L-rhamnopyranosyl-(1→2)]-
[β-D-glucopyranosyl-(1→3)]-diosgenin (K, gracillin), (10) β-daucosterol (L). Standards of
(11) protodioscin (B) and (12) methylprotodioscin (D) were purchased from the National
Institute for the Control of Pharmaceutical and Biological Products (NICPBP) (Beijing,
China). These twelve stock samples: each accurately weighed and dissolved with HPLC
grade methanol to prepare twelve reference compound of stock solutions (about 5 mg
mL−1). Reference compounds mixture solution was prepared as follows: a certain amount of
stock solutions of above twelve reference compounds were mixed and diluted with methanol
to get a series of reference compound mixture solutions (520 μg mL−1 for A; 340 μg mL−1

for B; 560 μg mL−1 for C; 360 μg mL−1 for D; 420 μg mL−1 for E; 320 μg mL−1 for F; 300
μg mL−1 for G; 400 μg mL−1 for H; 380μg mL−1 for I; 200 μg mL−1 for J; 220 μg mL−1 for
K; 240 μg mL−1 for L), while the corresponding working calibration solutions were
prepared by successive serial dilution of the stock solution with methanol. All the solutions
were stored in refrigerator at 4°C for subsequence use.

2.4. Sample preparation
Dried raw material of DZW (5 g) was powdered and refluxed thrice with 50 mL of 70%
ethanol at 80°C, and each reflux time was 1 h. The ethanol solution was combined and
evaporated to dryness under reduced pressure by a rotary evaporator, and the residue was
redissolved in 30 mL of water, and subjected to centrifugation. In order to enrich the target
components and remove impurities, the supernatant was separated on a D-101 macroporous
resin column (2 cm × 15 cm), by eluting with water at first and next 20% ethanol until the
effluent was colourless in every step. Then, the column was eluted with 70% ethanol, and 80
mL of effluent was collected. Finally, the collecting effluent was concentrated and decanted
into a 25 ml volumetric flask, and then the methanol was added to make up to the scale. The
final solution was passed through a 0.22 μm membrane prior to subsequent use. An aliquot
of 10 μL sample solution was injected into the HPLC system for analysis.

2.5. HPLC apparatus
2.5.1. HPLC-ELSD analysis instrumentation—The HPLC fingerprinting analysis was
carried out on a Waters Alliance 2695 equipment (Waters, Milford, MA, USA) with a
vacuum degasser, a high pressure quaternary pump, an autosampler, and an Alltech 2000
evaporative light scattering detector. The separation of sample solution was performed on a
Welchrom C18 column (250 × 4.6 mm, 5 μm), and evaluation and quantification were made
on an Empower Workstation. The solvent flow rate was 1 mL min−1, and 10 μL of sample
solution was injected in each run. A binary gradient elution system composed of acetonitrile
as solvent A and water as solvent B was applied for the fingerprint analysis as follows:
initial 25% A; 0–5 min linear gradient from 25% to 30% A; 5–20 min from 30% to 30% A,
20–35 min from 30% to 35% A, 35–45 min from 35% to 47% A, 45–47 min from 47% A to
70% A, 47–60 min from 70% to 70%. The effluent was introduced into the Alltech 2000
ELSD which the drift tube temperature was 90°C, and the gas flow rate was 2.8 L min−1.

2.5.2. HPLC-MS analysis instrumentation—The HPLC system described above was
replaced with a Varian 212-LC equipped with a Q-TOF Premier, a quadrupole and
orthogonal acceleration time-of-flight tandem mass spectrometer (Waters Co., USA), which
was attached to an electrospray ionization interface. The MS data was recorded by the varian
MS workstation software. High-purity nitrogen was used as the nebulizer and auxiliary gas.
Argon was used as the collision gas. The same HPLC conditions including the column,
elution program and flow-rate were applied for HPLC-ESI-MS analysis. A portion of the
column effluent (0.2 mL min−1) was delivered into the ion source of mass spectrometry after
a microsplit. The conditions of the ESI source were as follows: drying gas (N2) flow rate,
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9.0 L min−1; drying gas temperature, 350°C; nebulizer, 35 psig; capillary voltage, 5000 V;
scan spectra from m/z 300 to 1500.

2.6. Data fingerprint analysis
The data analysis was performed by the software named the Similarity Evaluation System
for Chromatographic Fingerprint of Traditional Chinese Medicine (Version 2004A)
according to the recommendation made from State Food and Drug Administration (SFDA)
of China and mainly applied in the similarity study of chromatographic and spectral
patterns. In this study, this software was used to synchronize the chromatographic peaks and
to calculate the correlation coefficients between entire chromatographic profiles, as well as
to compute and generate the mean chromatogram as a representative standard fingerprint
chromatogram from a group of chromatograms. The similarities of different
chromatographic patterns were analyzed among tested samples.

2.7. HPLC method validation
After the optimum conditions had been established, the method validation was performed to
ensure the validity of this newly developed fingerprinting method. The mixture standard
solution was analyzed under the optimal conditions six times both in 1 day for intra-day
variation and in a day on 3 successive days for inter-day variation to evaluate the precision
and stability. In order to check the repeatability, five solutions made by the same sample
(S3) were measured. All the validations were determined by calculating their relative
standard deviations (RSD) of the peak areas and retention times of reference standards. The
linearity calibration curves were evaluated with at least six different concentrations of
standard solutions by plotting logarithm of the peak area versus logarithm of the
concentration, and so was the liner regression analysis by the external standard method.
Each concentration was analyzed in triplicate. The limits of detection (LOD) and limits of
quantification (LOQ) were measured with the signal-to-noise ratio of 3 and 10 as criteria to
evaluate the sensitivity, respectively. The recovery of this method was using the standard
addition method. This involved the addition of three different concentrations of known
quantities of reference standard compounds to half the sample weight of DZW plant material
(S4) in triplicate. The fortified samples were then extracted and analyzed as described
before. The results were expressed as percentage recovery values. The data of the proposed
method validation were listed in Tables 1–2. All results indicated that the method of HPLC
fingerprint analysis was valid and satisfactory.

3. Results and discussion
3.1. HPLC fingerprint analysis of DZW

The above described HPLC-ELSD method was subsequently applied to analysis and quality
evaluation of 20 batches of DZW which were collected from a variety of sources and
conditions, including different naturally distributed areas, various growth environments,
different harvesting times, etc. The results indicated that their chromatographic patterns
were generally consistent although the absorbance intensity of peaks was different. The
similarity of each chromatogram to their simulative mean chromatogram was 0.919 ± 0.022
(mean ± SD, n=20, Table 3). Our observation revealed that the chromatograms of different
RS samples were associated with similar chemical components regardless of the
morphological differences and variations in growth environments. In addition, structure
determination of 12 reference compounds (Figure 2) was simultaneously accomplished.
However, the reference compounds A, B and C displayed in Figure 3 failed to show clear
separation with other sample peaks where their peaks were overlapped with the neighboring
peaks. Therefore, quantification with the extracted ion chromatography (EIC) by HPLC-
ESI-MS was applied to determine their structures not identified by HPLC-ELSD. The
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quantitative analytical results in Table 4 indicated that the variations of their contents
existed, even in the samples from the same areas. Chinese medicine preparation with
different pretreatment processes, manufacturing procedure, and dosage forms would be of
different quality. Meanwhile, the content of bioactive markers was also affected by plant
origins, sources, cultivated year, harvest time, geographical climate and environment. All of
these could result in significant differences in quality of DZW.

3.2. Investigation of the fragmentation patterns of standard steroidal saponins
In order to qualitatively express the chemical constituents in the fingerprints of DZW, the
on-line ESI-MS technique was used to identify their structures. Preliminarily, both positive
and negative ion modes were tested to ionize the standards and the fragmentation patterns of
the standards were summarized. In the positive ion mode the MS/MS spectra of the [M+H]+

ions also displayed ions arising from the eliminated sugar moieties substituted at C (3) or C
(26) from the aglycone. This was followed by the characteristic fission of aglycone to form
the diagnostic ions such as [Aglycone+H]+, [Aglycone+H-H2O]+, [Aglycone+H-144]+ and
so on. This positive ion method was found to be more suitable for the identification of
steroidal saponins than negative mode. Therefore, ESI in the positive mode was selected for
the follow-up analysis.

In this experiment, we investigated the fragmentation patterns for these standard steroid
saponins with different aglycone core rings displayed in Figure 4. They showed various rich
characteristic fragment ions which were produced by the loss of branched glycoside chains
or side chains, or by dehydration. They were classified into six types as summarized in
Figure 1.

3.2.1 Type I—As the four reference standards (H, I, J, and K) shared the same aglycone
skeleton and similar fragmentation pattern, dioscin was used as an example to discuss the
fragmentation patterns for these reference standards in detail. In (+)ESI-MS/MS, observed
were the fragment ions of the dioscin at m/z 723.3723, 577.6542, 433.1347, 415.2256,
271.3376 and 253.4963 (Fig. 4a) which were attributed to the loss of two rhamnosyls, one
glucosyl, and one molecule of water from the protonated molecular ion [M+H]+ (m/z
869.4832). Loss of 144 Da from the fragment ion at m/z 577.6542 produced the fragment
ion at m/z 433.1347. The fragment ions at m/z 271.3376 and 253.4963 may result from the
consecutive loss of 144 and 18 Da from the fragment ion at m/z 415.2256. The elimination
of 144 Da (fragment C8H16O2) might be produced by the cleavage of E-ring of the
aglycone. The 18 Da units was derived from the loss of a molecule of water [20–24]. At the
same time, the ions at m/z 433.13, 415.22, 271.33 and 253.49 from other three standards
were also found as those from dioscin. Therefore, the fragment ions at m/z 433.13, 415.22,
271.33 and 253.49 can be considered as diagnostic ions for this type of spirostanol steroidal
saponins.

3.2.2 Type II—In (+)ESI-MS/MS, reference standard A produced ions at m/z 1209.3421,
1047.2874, 885.4625, 739.3745, 577.6314, 415.2134, 397.1045, 271.6732, 253.1654 (Fig.
4b) which were attributed to the sequential loss of one molecule of water, two glucosyls, one
rhamnosyl, two glucosyls, one molecule of water, 144 Da (formula C8H16O2) and one
molecule of water from the protonated molecular ion [M+H]+ (1227.3462). This
fragmentation pattern that the [M+H]+ yielded the ion at the m/z [M+H-H2O]+ via loss of
one molecule of water, was a common feature for this kind of furostanol steroidal saponins,
suggesting the presence of a hydroxyl group at the C-22 position of the aglycone as reported
[23, 24, 25–27]. However, the fragment ion at m/z 433 was not observed which was
attributed to neutral loss of C8H16O2 (144 Da) directly from the fragment ion at m/z
577.6314. Zhu et al. [20, 24] concluded that the neutral loss of C8H16O2 directly from the

Zhang et al. Page 6

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



molecular ion would occur in spirostanol saponins, while the sugar moiety present in C-26
position was preferentially eliminated in furostanol saponins. What’s more, B, C, and G
produced almost the same ions except for the sugar moiety, so the fragment ions at m/z
577.63, 415.21, 397.10, 271.67, 253.16 together with the ion at m/z [M+H-H2O]+ can also
be considered as the diagnostic ions for this type of furostanol steroidal saponins in which
the sugar moiety was present in C-26 position. At the same time, the similar MS/MS
behaviors of this type of saponins were also reported in the literature.

3.2.3 Type III IV V and VI—As shown in Figure 4, D, E, F, and L reference standards all
showed that the [M+H]+ ion would lose sugar rings consecutively to form the ions of the
type [Aglycone+H]+ in the (+)ESI-MS/MS mode. F produced main fragment ions at m/z
885.3867, 739.4371, 577.3521, 415.1013, 397.0860, 271.8613, and 253.1048 (Fig. 4c)
which resulted from the consecutive loss of one glucosyl, one rhamnosyl, two glucosyls, one
molecule of water, 144 Da and one molecule of water from the protonated molecular ion [M
+H]+ (m/z 1047.2101). Comparing the difference between the aglycones of type II and type
III, only one change exists in the E-ring. Therefore, it was reasonable to deduce that the
fragment ion at m/z 270.7382 from m/z 415.1013 could be generated via elimination of the
neutral formula C8H16O2 (144 Da). E produced ions at m/z 1045.2628, 883.1162, 736.9689,
574.8224, 412.6758, 394.6605, 270.5204, and 253.2465 (Fig. 4d) by the sequential loss of
two glucosyls, one rhamnosyl, two glucosyls, one molecule of water (142 Da), and one
molecule of water from the protonated molecular ion [M+H]+ (m/z 1207.4093). Considering
the difference between the aglycones of type III and type IV, it might be concluded that the
fragment ion at m/z 270.5204 from m/z 411.8157 could be produced by a loss of the neutral
formula C9H18O (142 Da) which was 2 Da smaller than formula C8H16O2 (144 Da). D
generated ions at m/z 1032.1723, 902.1033, 755.9322, 609.7903, 447.6792, 429.6634,
271.4168, and 253.4015 (Fig. 4e) resulted from the consecutive loss of one molecule of
methanol, one glucosyl, two rhamnosyls, one glucosyl, one molecule of water, (176 Da) and
one molecule of water from the protonated molecular ion [M+H]+ (m/z 1063.2249).
Regarding the different structures between the aglycones of type II and type V, it might be
deduced that the fragment ion at m/z 289.4397 originated from m/z 447.6792 could be
produced by loss of the neutral formula C9H20O3 (176 Da) which was 14 Da larger than
formula C8H16O2 (144 Da). However, two major fragmental ions at 415.7263 and 397.7106
resulted from the protonated molecular ion [M+H]+ (m/z 577.8321) (Fig. 4f) which
attributed to loss of one glucosyl and gain of one molecule of water in compound L.
Therefore, these ions originated from [Aglycone+H]+, in which all sugar moieties were lost,
could be regarded as the diagnostic ions of these types. In order to elucidate structures of the
saponins in this report, these ions may offer some information serving as reference ions.

3.3. Identification of the structures of unknown common characteristic peaks in the
fingerprints

As shown in Figures 3 and 5, there existed a total of 68 common characteristic peaks in the
HPLC-ELSD fingerprint and HPLC-MS chromatogram. Among those, twelve characteristic
peaks were assigned by comparing their retention times and the MS and MS/MS data in the
literature with those of the reference compounds in peaks A, B, C, D, E, F, G, H, I, J, K
and L. Other unknown peaks corresponding to Table 5 were tentatively assigned based on
their on-line MS fragmentation behaviors obtained by LC-MS/MS.

3.3.1. Characterization of peaks 1–2, 4–7, 11, 14–15, 17–19, 22–28, 30–32, 35,
39–41, and 43—Based on the characteristic ions (at m/z 577.7, 433.5, 415.5, 271.3, and
253.3), compounds of these peaks showed the same fragmentation behaviors as reference
compound H. Thus, they were considered sharing the same aglycone skeleton of Type I
saponins.
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Peaks 1, 5, 6, 11, and 32 shared the same protonated molecular ion [M+H]+ (m/z 1210.3)
and molecular formula. Through the major fragments, there were four glucosyls and one
rhamnosyl in these five compounds. Peaks 5 and 32 had the same five main fragments (at m/
z 1048.19, 902.05, 739.91, 577.77, and 415.54) attributed to the consecutive loss of one
glucosyl, one rhamnosyl and three glucosyls from the protonated molecular ion [M+H]+ (m/
z 1210.33). Hence they were characterized to be a pair of structural isomers whose
difference existed in the sequence of sugar units of the saponins and location variation of the
glycosidic bond. Peaks 6 and 11 showed another five main fragments (at m/z 1048.19,
886.04, 739.90, 577.76, and 415.54) via sequence of two glucosyls, one rhamnosyl and two
glucosyls from the protonated molecular ion [M+H]+ (m/z 1210.33). So, they were also
considered to be a pair of structural isomers whose difference existed in the sequence of
sugar units of the saponins and location variation of the glycosidic bond. While, seen from
the fragments of peak 1 formed by the loss of one rhamnosyl and four glucosyls, they had
different sugar units linkage.

Peaks 2, 18, and 25 possessed the identical molecular formula. Their fragmental patterns
indicated that there were one rhamnosyl and three glucosyls in their structures. Peaks 2 and
18 displayed similar fragmental behavior with the reference compound zingiberensis
saponin, and they were tentatively identified as a pair of structural isomers of zingiberensis
saponin with the same sugar residues [24]. Although having the same sugar groups with
peaks 2 and 8, peak 25 showed five different ion behaviors by generating the protonated
molecular ion [M+H]+. Considering these fragments, it was tentatively identified as 3-O-β-
D-glucopyranosyl-(1→3)-β-D-glucopyranosyl-(1→4)-[α-L-rhamn opyranosyl-(1→4)]-β-D-
glucopyranoside which had been isolated from Dioscorea parviflora, the same genus with
DZW [28].

Peaks 4, 7, 14, 23, and 26 generated four major fragmentation ions (at m/z 902.05, 739.91,
577.7, and 415.54) from the protonated molecular ion [M+H]+ (m/z 1064.19) suggesting
that a saccharide chain including four glucosyls connecting to the hydroxyl group at C-3
position of the aglycone was present in their structures. Consequently, they were tentatively
identified as structural isomers of each other with the same sugar residues. Their structural
difference could be deduced to the different sugar units linkage and location variation of the
glycosidic bond.

The major ions of peaks 27 (at m/z 870.0533, 723.9121, 577.7790, and 415.5442) and 28 (at
m/z 886.0485, 723.9079, 577.7667, 415.5400) in the (+)ESI MS/MS mode could be
deduced to represent two rhamnosyls and two glucosyls groups in their structures. The
distinction between these two compounds existed in the sequence of sugar moieties linkage.

According to the main ions by the loss of certain fragments from the protonated molecular
ion [M+H]+ (m/z 886.05), peaks 17, 24, 30, and 43 suggested the presence of one rhamnosyl
and two glucosyls in their structures. Three major fragmental ion behaviors (at m/z 723.90,
577.76, and 415.54) were observed in peaks 17 and 30, while three different fragmental ions
(at m/z 739.91, 577.77, and 415.54) were observed in peaks 24 and 43. Therefore, these four
compounds can form two groups, each being tentatively identified as structural isomers of
the two reference compounds of zingiberensis new saponin and deltonin, respectively,
whose structural difference could be deduced to be the sequence of sugar units in the
aglycone [24].

Two main fragments (at m/z 577.7 and 415.5) were obtained from protonated molecular ion
[M+H]+ (m/z 739.9) of peaks 15, 19, 39, and 40 suggesting the presence of two glucosyls
group in these four compounds. For this reason, they were tentatively identified as structural
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isomers of the diosgenin diglucoside that had the same molecular formula and ion behavior
patterns [24].

Peak 35 yielded the main fragments (at m/z 739.9133, 577.7727, and 415.5460) resulted
from the consecutive loss of three glucosyls from the protonated molecular ion [M+H]+ (m/z
902.0539). It was tentatively identified as a structural isomer of the diosgenin triglucoside
[24]. Peak 41 whose ions chiefly included two fragments at m/z 577.7681 and 415.5412, had
only one glucosyl residue in its structure. As it had only one sugar moiety, it was identified
as the same structure with trillin. Peak 22 produced main fragments (m/z 1064.7894,
902.0488, 739.9082, 577.7676, and 415.5409) attributed to consecutive loss of five
glucosyls. Peak 31 showed seven fragments resulted from the loss of two rhamnosyls and
three glucosyls. To our knowledge, steroid saponin with six sugar moieties was reported for
the first time in Dioscorea zingiberensis C. H. Wright. Since the accurate structure of this
unknown compound couldn’t be elucidated by the MS data alone, further investigation must
be carried out.

3.3.2. Characterization of peaks 10, 16, 20, 34, 42, 45, and 51—According to the
characteristic ions (at m/z 577.7, 415.6, 397.61, 271.41, and 253) and the main
fragmentation pattern [M+H-H2O]+ as the similar ion behaviors with reference compound
A, these peaks were considered to have the same aglycone skeleton of Type II whose
structures shared a hydroxy group at C-22, and were assigned as furostanol saponins.

Peak 10 was dominated by the main fragment ion at 1210.3307, 1048.1901, 902.0489,
739.9083, 577.7677, and 415.6271 which may be resulted from the consecutive loss of one
molecule of water, one glucosyl, one rhamnosyl and three glucosyls from the protonated
molecular ion [M+H]+ (m/z 1228.3459) in (+)ESI-MS. According to the fragmentation
patterns, reference data and comparison with known compounds in the literature, peak 10
was tentatively identified as the isomer of parvifloside which had been isolated from D.
zingiberensis [24] and Dioscorea parviflora [28]. The difference instructure between these
two isomers could be in the sequence of sugar units in the aglycone.

As shown in Table 5, peak 16 readily gave five major fragmentation ions (m/z at 1048.1921,
886.0515, 739.9103, 577.7697, and 415.6291) from the protonated molecular ion [M+H]+

(m/z at 1066.2073) via consecutive loss of one molecule of water, one glucosyl, one
rhamnosyl and two glucosyls. Based on the MS/MS data and the known structure reported in
the literature, this compound was tentatively identified as the isomer of deltoside or
protodeltonin which had been isolated from Dioscorea parviflora and D. zingiberensis [28],
respectively.

In the (+)ESI-MS mode, peak 20 showed four fragments (at m/z 902.0492, 739.9086,
577.7608, and 415.6274) by the sequential loss of one molecule of water and three
glucosyls. Considering the fragmental behavior and reported structure in the literature, it
was tentatively identified as an isomer of 26-O-β-D-glucopyranosyl-(25R)-furost-5-en-3β,
22ξ, 26-triol-3-O-β-D-glucopyranosyl-(1→4)-β-D-glucopyranoside [24], whose structural
difference was only at the location of glycosidic bond, probably C1–C4, C1–C3, or C1–C2,
between these two glucosyls attaching to C-3 position of aglycone.

Peaks 34 and 45 shared the same formula and protonated molecular ion [M+H]+ (at m/z
904.06), and showed the same four main fragmentation patterns which were attributed to
successive loss of one molecule of water, one rhamnosyl, and two glucosyls. Comparing
with ions and structure reported in the literature, these two compounds were tentatively
characterized as an isomer of 26-O-β-D-glucopyranosyl-(25R)-furost-5-en-3β, 22α, 26-
triol-3-O-[α-L-rhamnopyranosyl-(1→4)-β-D-glucopyranoside or 26-O-β-D-glucopyranosyl-
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(25R)-furost-5-en-3β, 22ξ, 26-triol-3-O-[α-L-rhamnopyranosyl-(1→2)-β-D-glucopyranoside
(Protobioside) [29] whose structural difference existed in the sequence of sugar linkage
between rhamnosyl and glucosyl connecting to the hydroxyl group at C-3 position of the
aglycone.

Peaks 42 and 51 showed three primary fragmentation ions (at m/z 739.9, 577.76, 415.62)
originated from the protonated molecular ion [M+H]+ (at m/z 757.92) suggesting the
presense of two glucosyls in the aglycone. As the aglycone was furostanol type, one
glucosyl was connected to the hydroxyl groups at C-3, while the other connected to the
hydroxyl groups at C-26. Therefore, they were tentatively characterized as 26-O-β-D-
glucopyranosyl-(25R)-furost-5-en-3β, 22ξ, 26-triol-3-O-β-D-glucopyranoside or 26-O-β-D-
glucopyranosyl-(25S)-furost-5-en-3β, 22ξ, 26-triol-3-O-β-D-glucopyranoside. The variation
between them could attribute to the different stereoscopic position of C-25 methyl.

3.3.3. Characterization of peaks 3, 9, 13, 29, 37–38, and 47—These compounds
showed the same fragmental diagnostic ions (at m/z 576.7, 414.62, 396.6, 271.4, and 253.4)
as reference F. Thus, they may be sharing the same aglycone skeleton as the type III
saponins.

Peaks 37, 38, and 47 generated three major fragment ions at m/z 738.90, 576.76, and 414.62
from the protonated molecular ion [M+H]+ (at m/z 885.04) and could be deduced to
represent the loss of one rhamnosyl and two glucosyls in their structures. Taking into
account the characteristic of furostanol saponins and comparison with the data in the
literature, these compounds were tentatively designated as 26-O-β-D-glucopyranosyl-3β, 26-
diol-25(R)-Δ5, 20(22)-dien-furost-3-O-[α-L-rhamnopyranosyl-(1→4)]-β-D-glucopyranoside
or 26-O-β-D-glucopyranosyl-3β, 26-diol-25(R)-Δ5, 20(22)-dien-furost-3-O-[α-L-
rhamnopyranosyl-(1→3)]-β-D-glucopyranoside or 26-O-β-D-glucopyranosyl-3β, 26-
diol-25(R)-Δ5, 20(22)-dien-furost-3-O-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranoside
whose structural difference was only present in the location of the glycosidic bond between
the rhamnosyl and glucosyl connecting to the hydroxyl group at C-3 position of the
aglycone [20, 24, 30].

Two peaks, namely 9 and 29, had the same formula and four similar fragments (at m/z
901.04, 738.90, 576.76, and 414.621) resulted from the consecutive loss of one rhamnosyl
and three glucosyls from the protonated molecular ion [M+H]+ (m/z 1047.18). Therefore,
they were tentatively characterized to be a pair of isomers whose structural difference
existed in the sequence of sugar units of the saponins.

Peak 3 generated three fragmental ions (at m/z 738.9011, 576.7605, and 414.6200) via
consecutive loss of three glucosyls from the protonated molecular ion [M+H]+ (m/z
901.0417). Considering the characteristic of this type of aglycone and linkage between sugar
moieties, this compound was tentatively regarded as 26-O-β-D-glucopyranosyl-3β, 26-
diol-25(R)-Δ5, 20(22)-dien-furost-3-O-[β-D-glucopyranosyl-(1→4)]-β-D-glucopyranoside or
26-O-β-D-glucopyranosyl-3β, 26-diol-25(R)-Δ5, 20(22)-dien-furost-3-O-[β-D-
glucopyranosyl-(1→3)]-β-D-glucopyranoside or 26-O-β-D-glucopyranosyl-3β, 26-
diol-25(R)-Δ5, 20(22)-dien-furost-3-O-[β-D-glucopyranosyl-(1→2)]-β-D-glucopyranoside
whose structural difference was only present in the location of glycosidic bond between two
glucosyls connecting to the hydroxyl group at C-3 position of the aglycone.

Peak 13 produced two fragment ions at 576.7010 and 414.6304 resulted from the sequential
loss of two glucosyls from the protonated molecular ion [M+H]+ (m/z 739.2037). So, it was
tentatively identified as 26-O-β-D-glucopyranosyl-3β, 26-diol-25(R)-Δ5, 20(22)-dien-furost-3-
O-β-D-glucopyranoside.
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3.3.4. Characterization of peaks 48, 49 and 55—Considering the similar fragment
ions (at m/z 574.7, 412.64, 394.63, 271.41, and 253.40) resulted from the loss of certain
moieties from the protonated molecular ion [M+H]+ as the reference E, it was reasonable to
deduce that these peaks shared the same aglycone skeleton as the type IV saponins.

Peaks 48 and 49 had the same protonated molecular ion [M+H]+ (at m/z 883.07) and three
major fragments (at m/z 736.93, 574.7, and 412.64) attributed to the sequential loss of one
rhamnosyl and two glucosyls. They were characterized to be a pair of isomers whose
structural difference existed in the sequence of sugar units of the saponins.

Peak 55 showed two fragment ions (at m/z 574.7903 and 412.6497) resulted from the
protonated molecular ion suggesting that one glucosyl was connected to the hydroxyl groups
at C-3 and the other to the hydroxyl groups at C-26 in its structure. It was tentatively
identified as 26-O-β-D-glucopyranosyl-3β, 26-diol-25(R)-Δ5, 20(22)-dien-furost-3-O-β-D-
glucopyranoside.

3.3.5. Characterization of peaks 44, 46 and 50—These three peaks generated several
major and diagnostic fragment ions (at m/z 447.6, 429.6, 271.4, and 253.4) resulted from the
consecutive loss of neutral formula C9H18O2 and one molecular of water with the same
behavior as reference D. Therefore, it could be considered that they possessed the same
aglycone skeleton as the type V saponins whose structures shared a methoxy group at C-22,
hence they were designated as furostanol saponins.

Peaks 46 and 50 generated the identical formula and three main similar fragment ions (at m/
z 739.1, 609.5, and 447.6) resulted from the same protonated molecular ion suggesting the
presence of two glucosyls in their structures (at m/z 771.1). As the aglycone was of
furostanol type, there might be one glucosyl connected to the hydroxyl groups at C-3, while
the other connected to the hydroxyl groups at C-26. Because of this, these two compounds
were characterized as a pair of isomers and tentatively designated as 26-O-β-D-
glucopyranosyl-(25R)-furost-5-en-22-methyl-3β, 26-diol-3-O-β-D-glucopyranoside or 26-O-
β-D-glucopyranosyl-(25S)-furost-5-en-22-methyl-3β, 26-diol-3-O-β-D-glucopyranoside.
The difference between these compounds could be derived from the different stereoscopic
positions of C-25 methyl.

Three primary fragment ions (at m/z 771.9444, 609.8038, and 447.6632) were generated
from the protonated molecular ion (at m/z 934.0850) in peak 44. This ion behavior
suggested the presence of three glucosyls in its structure. According to the report of
furostanol aglycone type, a glucosyl was connected to the hydroxyl group at the C-26
position and a saccharide chain including two glucosyls was connected to the hydroxyl
group at C-3 position of the aglycone.

Based on the data in the literature, the compounds with the aglycone of type VI were also
found in Dioscorea zingiberensis C. H. Wright for the first time. As we all know that the
MS data alone couldn’t supply enough information to determine the exact structure, further
research, for instance NMR, will be requisite.

3.3.6. Characterization of peaks 53, 54 and 56—The characteristic ions and similar
fragmentation patterns (at m/z 577, 415, and 397) as reference L indicated that these peaks
had the same aglycone skeleton as the type VI saponins.

Peaks 53 and 54 had the same protonated molecular ion [M+H]+ (at m/z 739) and three
major fragments (at m/z 577, 415, and 397) resulted from the consecutive loss of two
glucosyls. They were considered to be a pair of isomers whose structural difference existed
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in the sequence of sugar linkage between two glucosyls connected to the hydroxyl groups at
C-3 in aglycone of type VI. Comparing the formulas between peaks 53, 54 and 56, their
difference only existed in the number of oxygen atoms which could be deduced to represent
one rhamnosyl and one glucosyl in peak 56. To our knowledge, these three compounds with
the aglycone of type VI were also found in Dioscorea zingiberensis C. H. Wright for the
first time, and the precise structures of these new saponins can’t be determined by MS data
alone. Therefore, further investigation is required.

3.3.7. Characterization of peaks 8 and 12—Comparing the data reported in the
literature [23] and the readily diagnostic ions (at m/z 579, 435, 417, 273, and 255), these two
compounds could be deduced to possess the same aglycone of type VII.

The major ions (at m/z 887.8673, 741.7261, 579.5855, 435.3741 for peak 8; at m/z
1050.2098, 888.0692, 741.9208, 579.7874, and 435.5760 for peak 12) originated from the
protonated molecular ion [M+H]+ (at m/z 1050.0079 and 1212.3504, respectively) may have
lost one glucosyl, one rhamnosyl, and two glucosyls in the structure forming peak 8, while
the loss of two glucosyls, one rhamnosyl, and two glucosyls resulted to form peak 12. In
order to elucidate the definite structures, further investigation must be needed.

3.3.8. Characterization of peaks 21, 33, 36, and 52—Comparing the data reported in
the literature [23], the characteristic ions (at m/z 579.78, 417.64, 399.6, 273.43, and 255.41)
and the primary fragmental pattern [M+H-H2O]+ whose structures share a hydroxy group at
C-22 elucidated as furostanol saponins, they may share the skeleton aglycone as the type
VIII.

Peaks 33 and 36 showed the same protonated molecular ion [M+H]+ (at m/z 922.0) and four
main fragments (at m/z 904.06, 741.92, 579.78, and 417.64) by the consecutive loss of three
glucosyls. They were considered to be the isomers of 26-O-β-D-glucopyranosyl-furost-3β,
22, 26-triol-3-O-β-D-glucopyranosyl(1→2)-β-D-glucopyranoside [31, 32] whose structural
difference existed in the sequence of glycosidic bond of sugar moieties.

The main fragmental ions (at m/z 1050.2050, 904.0644, 742.9238, 579.7826, and 417.6420
for peak 21; at m/z 741.9245, 579.7839, and 417.6431 for peak 52) resulted from sequential
loss of one molecule of water and four glucosyls formed peak 21, whereas the loss of one
molecule of water and two glucosyls formed peak 52, both from the protonated molecular
ion [M+H]+. Comparison with the structure reported in the literature, peak 52 was
tentatively identified as 26-O-β-D-glucopyranosyl-furost-3β, 22, 26-triol-3-O-β-D-
glucopyranoside in which one glucosyl was attached to the C-3 position of aglycone by a
hydroxyl group, whereas the other was connected to the C-26 position of aglycone by a
hydroxyl group.

4. Conclusions
An HPLC-ELSD fingerprinting and an HPLC-ESI-Q/TOF methods were simultaneously
established for comprehensive analysis of multiple steroid saponins in Dioscorea
zingiberensis C. H. Wright with the advantage of avoiding the tedious purification of
compounds from the crude extracts. As a result, 68 common characteristic peaks including
22 new steroid saponins with eight aglycone skeletons in the fingerprint were detected.
However, it should be noted that like other mass spectrometric methods, this analytical
method still has some limitations in the linkage position of sugar moieties. To determine the
definite structures of the unknown compounds, further investigation, for example NMR
experiment, is requisite. Overall, this research sets a good example for quality evaluation
and the consistency check of DZW collected from different sources, and structural
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characterization of steroid saponin constituents in the crude extracts. Fingerprinting
combined with the on-line HPLC/MS technique, could become a powerful tool in the quality
control of TCMs and chemical constituents analysis.
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Figure 1.
Chemical structures of twelve known reference standard steroid saponins from Dioscorea
zingiberensis C. H. Wright.
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Figure 2.
HPLC chromatograms of 12 reference steroid saponins. Conditions: column: Welchrom C18
column (250×4.6 mm, 5 μm); mobile phase: acetonitrile (Solvent A) water (Solvent B) as
follows: initial 25% A; 0–5 min, 25% to 30% A; 5–20 min, 30% to 30% A; 20–35 min, 30%
to 35% A; 35–45 min, 35% to 47% A; 45–47 min, 47% A to 70% A; 47–60 min, 70% to
70%. flow rate:1 mL min−1; Alltech 2000 ELSD condition: drift tube temperature: 90°C; gas
flow rate 2.8 L min−1; column temperature: 25°C; injection volume: 10 μL. The names of
these reference compounds corresponding to those given in Fig. 1.
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Figure 3.
The common pattern HPLC fingerprint of steroid saponins from Dioscorea zingiberensis C.
H. Wright based on 20 samples. The HPLC conditions as in Fig. 2. The peak numbers of
compounds corresponding to those in Table 3.
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Figure 4.
Figure 4a–4f. The proposed MS and MS/MS spectra of reference standards with six type
aglycone skeletons. (4a): Reference J with type I; (4b): Reference A with type II; (4c):
Reference F with type III; (4d): Reference E with type IV; (4e): Reference D with type V;
(4f): Reference L with type VI. The MS detection parameters as follows: drying gas (N2)
flow rate, 9.0 L min−1; drying gas temperature, 350 °C; nebulizer, 35 psig; capillary voltage,
5000 V; scan spectra from m/z 100 to 1500.
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Figure 5.
The representative total ion chromatograms of steroid saponins from Dioscorea
zingiberensis C. H. Wright by HPLC-ESI-Q/TOF. The chromatographic conditions and MS
detection parameters were described in section 2.5.2. Peak numbers of compounds
corresponding to those in Table 3.

Zhang et al. Page 24

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 25

TA
B

LE
 1

Pr
ec

is
io

n,
 s

ta
bi

lit
y 

A
nd

 R
ep

ea
ta

bi
lit

y 
st

at
is

tic
al

 r
es

ul
ts

 o
f 

th
e 

pr
op

os
ed

 m
et

ho
d 

va
lid

at
io

n 
fo

r 
th

e 
an

al
yt

ic
al

 m
et

ho
d.

R
ef

er
en

ce
 s

ta
nd

ar
ds

 c
od

e
In

tr
a-

da
y 

(n
=6

)
In

te
r-

da
y 

(n
=6

)
R

ep
ea

ta
bi

lit
y 

(n
=5

, S
4)

P
re

ci
si

on
St

ab
ili

ty
P

re
ci

si
on

St
ab

ili
ty

(R
SD

 o
f 

R
T

,
%

)
(R

SD
 o

f 
P

A
,

%
)

(R
SD

 o
f 

R
T

,
%

)
(R

SD
 o

f 
P

A
,

%
)

(R
SD

 o
f 

R
T

,
%

)
(R

SD
 o

f 
P

A
,

%
)

(R
SD

 o
f 

R
T

,
%

)
(R

SD
 o

f 
P

A
,

%
)

(R
SD

 o
f 

R
T

, %
)

(R
SD

 o
f 

P
A

, %
)

A
0.

21
3.

21
0.

17
2.

53
0.

19
2.

51
0.

11
2.

66
0.

13
2.

56

B
0.

38
3.

03
0.

24
3.

64
0.

27
2.

72
0.

19
3.

37
0.

22
2.

67

C
0.

24
3.

48
0.

16
2.

67
0.

18
3.

22
0.

23
2.

55
0.

20
2.

79

D
0.

25
3.

62
0.

23
3.

55
0.

11
2.

73
0.

27
2.

83
0.

16
2.

77

E
0.

27
2.

84
0.

19
3.

77
0.

24
2.

69
0.

14
3.

09
0.

18
3.

03

F
0.

24
2.

76
0.

11
2.

61
0.

26
2.

97
0.

17
2.

59
0.

12
2.

98

G
0.

13
2.

59
0.

20
2.

73
0.

25
3.

56
0.

18
3.

45
0.

11
3.

66

H
0.

21
1.

98
0.

26
3.

69
0.

23
3.

66
0.

26
3.

67
0.

24
3.

01

I
0.

19
1.

79
0.

22
2.

54
0.

15
2.

76
0.

15
2.

87
0.

26
3.

28

L
0.

17
2.

01
0.

10
3.

06
0.

22
3.

77
0.

09
3.

39
0.

21
3.

56

K
0.

18
2.

32
0.

18
2.

98
0.

09
2.

83
0.

22
3.

62
0.

19
2.

99

L
0.

14
2.

46
0.

09
3.

66
0.

21
3.

52
0.

11
2.

99
0.

23
3.

77

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 26

Ta
bl

e 
2

L
in

ea
ri

ty
, s

en
si

tiv
ity

, a
nd

 r
ec

ov
er

y 
da

ta
 f

or
 th

e 
an

al
ys

is
 o

f 
th

e 
12

 r
ef

er
en

ce
 c

om
po

un
ds

 (
C

om
po

un
ds

 A
, B

, a
nd

 C
 b

y 
H

PL
C

-M
S/

M
S,

 w
hi

le
 o

th
er

 r
ef

er
en

ce
 c

om
po

un
ds

 b
y 

H
PL

C
-E

L
SD

).

R
ef

er
en

ce
 s

ta
nd

ar
d 

co
de

A
m

ou
nt

 in
 S

am
pl

e 
(m

g)
A

dd
 a

m
ou

nt
 (

m
g)

C
al

cu
la

te
d 

am
ou

nt
 (

m
g)

M
ea

n 
re

co
ve

ry
 (

m
ea

n 
± 

SD
, %

)
L

in
ea

r 
re

gr
es

si
on

se
ns

it
iv

it
y

L
in

ea
r 

re
gr

es
si

on
C

or
re

la
ti

on
 C

oe
ff

ic
ie

nt
(R

2 )
L

in
ea

r 
ra

ng
e 

(μ
g)

L
O

D
 (
μ

g,
 S

/N
=3

)
L

O
Q

 (
μ

g,
 S

/N
=1

0)

A
0.

85
0.

68
1.

50

0.
85

0.
85

1.
67

98
.4

7 
±

 2
.1

4
Y

=
1.

80
39

X
+

6.
23

76
0.

99
89

0.
32

5~
5.

2
4.

22
 ×

 1
0−

2
7.

67
 ×

 1
0−

2

0.
85

1.
02

1.
90

B
0.

55
0.

44
0.

99

0.
55

0.
55

1.
16

10
2.

43
 ±

 1
.7

8
Y

=
1.

45
60

X
+

4.
79

78
0.

99
84

0.
21

3~
3.

4
3.

89
 ×

 1
0−

2
8.

04
 ×

 1
0−

2

0.
55

0.
66

1.
20

C
0.

55
0.

44
0.

98

0.
55

0.
55

1.
10

96
.4

4 
±

 1
.9

7
Y

=
0.

85
14

X
+

6.
10

60
0.

99
80

0.
35

~5
.6

3.
94

 ×
 1

0−
2

8.
13

 ×
 1

0−
2

0.
55

0.
66

1.
17

D
0.

75
0.

60
1.

36

0.
75

0.
75

1.
56

10
1.

49
 ±

 1
.2

8
Y

=
1.

71
29

X
+

4.
24

03
0.

99
93

0.
22

5~
3.

6
4.

12
 ×

 1
0−

2
7.

97
 ×

 1
0−

2

0.
75

0.
90

1.
57

E
1.

25
1.

00
2.

20

1.
25

1.
25

2.
45

96
.7

9 
±

 1
.2

4
Y

=
1.

36
25

X
+

5.
30

45
0.

99
95

0.
26

3~
4.

2
4.

32
 ×

 1
0−

2
7.

84
 ×

 1
0−

2

1.
25

1.
50

2.
74

F
0.

75
0.

6
1.

36

0.
75

0.
75

1.
53

10
0.

43
 ±

 1
.7

9
Y

=
1.

73
00

X
+

6.
10

00
1.

00
00

0.
2~

3.
2

3.
69

 ×
 1

0−
2

8.
55

 ×
 1

0−
2

0.
75

0.
9

1.
62

G
0.

90
0.

72
1.

63

0.
90

0.
90

1.
84

10
0.

37
 ±

 1
.9

8
Y

=
1.

92
90

X
+

5.
87

60
0.

99
90

0.
18

8~
3

4.
01

 ×
 1

0−
2

8.
62

 ×
 1

0−
2

0.
90

1.
08

1.
94

H
0.

90
0.

72
1.

60

0.
90

0.
90

1.
78

98
.2

9 
±

 1
.5

7
Y

=
1.

89
76

X
+

5.
32

33
0.

99
92

0.
25

~4
3.

90
 ×

 1
0−

2
8.

13
 ×

 1
0−

2

0.
90

1.
08

1.
94

I
0.

25
0.

20
0.

45

0.
25

0.
25

0.
51

10
0.

48
 ±

 1
.3

3
Y

=
1.

65
90

X
+

5.
71

70
1.

00
00

0.
23

8~
3.

8
4.

52
 ×

 1
0−

2
7.

90
 ×

 1
0−

2

0.
25

0.
30

0.
54

J
0.

25
0.

20
0.

45

0.
25

0.
25

0.
50

10
0.

36
 ±

 1
.8

4
Y

=
1.

29
32

X
+

5.
47

47
0.

99
90

0.
33

3~
2

3.
85

 ×
 1

0−
2

8.
01

 ×
 1

0−
2

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 27

R
ef

er
en

ce
 s

ta
nd

ar
d 

co
de

A
m

ou
nt

 in
 S

am
pl

e 
(m

g)
A

dd
 a

m
ou

nt
 (

m
g)

C
al

cu
la

te
d 

am
ou

nt
 (

m
g)

M
ea

n 
re

co
ve

ry
 (

m
ea

n 
± 

SD
, %

)
L

in
ea

r 
re

gr
es

si
on

se
ns

it
iv

it
y

L
in

ea
r 

re
gr

es
si

on
C

or
re

la
ti

on
 C

oe
ff

ic
ie

nt
(R

2 )
L

in
ea

r 
ra

ng
e 

(μ
g)

L
O

D
 (
μ

g,
 S

/N
=3

)
L

O
Q

 (
μ

g,
 S

/N
=1

0)

0.
25

0.
30

0.
55

K
0.

25
0.

20
0.

44

0.
25

0.
25

0.
50

98
.7

4 
±

 1
.2

6
Y

=
1.

51
40

X
+

5.
64

13
0.

99
91

0.
13

8~
2.

2
4.

19
 ×

 1
0−

2
7.

74
 ×

 1
0−

2

0.
25

0.
30

0.
54

L
0.

25
0.

20
0.

46

0.
25

0.
25

0.
51

10
1.

19
 ±

 1
.4

6
Y

=
0.

51
14

X
+

6.
58

83
0.

99
90

0.
15

~2
.4

3.
17

 ×
 1

0−
2

8.
32

 ×
 1

0−
2

0.
25

0.
30

0.
54

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 28

Ta
bl

e 
3

T
he

 s
im

ila
ri

tie
s 

of
 2

0 
sa

m
pl

e 
ch

ro
m

at
og

ra
m

s 
fr

om
 A

nk
an

g 
co

un
tr

y 
of

 S
ha

nn
xi

 p
ro

vi
nc

e 
of

 C
hi

na
.

N
O

.
Y

ea
r 

of
 C

ol
le

ct
io

n
Si

m
ila

ri
ti

es
a

S 
1

N
ov

em
be

r,
 2

00
8

0.
90

5

S 
2

N
ov

em
be

r,
 2

00
8

0.
89

4

S 
3

Se
pt

em
be

r,
 2

00
9

0.
91

3

S 
4

Se
pt

em
be

r,
 2

00
9

0.
95

7

S 
5

O
ct

ob
er

, 2
00

9
0.

96
2

S 
6

O
ct

ob
er

, 2
00

9
0.

94
3

S 
7

N
ov

em
be

r,
 2

00
9

0.
89

8

S 
8

N
ov

em
be

r,
 2

00
9

0.
90

1

S 
9

Se
pt

em
be

r,
 2

01
0

0.
93

1

S 
10

Se
pt

em
be

r,
 2

01
0

0.
92

0

S 
11

O
ct

ob
er

, 2
01

0
0.

93
2

S 
12

O
ct

ob
er

, 2
01

0
0.

92
1

S 
13

N
ov

em
be

r,
 2

01
0

0.
89

9

S 
14

N
ov

em
be

r,
 2

01
0

0.
90

0

S 
15

Se
pt

em
be

r,
 2

01
1

0.
93

4

S 
16

Se
pt

em
be

r,
 2

01
1

0.
90

9

S 
17

O
ct

ob
er

, 2
01

1
0.

92
8

S 
18

O
ct

ob
er

, 2
01

1
0.

89
0

S 
19

N
ov

em
be

r,
 2

01
1

0.
91

6

S 
20

N
ov

em
be

r,
 2

01
1

0.
92

9

a T
he

 r
ef

er
en

ce
 f

in
ge

rp
ri

nt
 w

as
 d

ev
el

op
ed

 w
ith

 th
e 

m
ed

ia
n 

of
 a

ll 
ch

ro
m

at
og

ra
m

s

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 29

Ta
bl

e 
4

C
on

te
nt

 v
al

ue
s 

of
 1

2 
re

fe
re

nc
e 

st
an

da
rd

s 
pr

es
en

t i
n 

th
e 

cr
ud

e 
ex

tr
ac

tio
n 

in
 2

0 
ba

tc
he

s 
sa

m
pl

es
.

Sa
m

pl
e 

N
O

.
A

B
C

D
E

F
G

H
I

J
K

L

m
ea

n 
± 

SD
(m

g)
m

ea
n 

± 
SD

(m
g)

m
ea

n 
± 

SD
(m

g)
m

ea
n 

± 
SD

(m
g)

m
ea

n 
± 

SD
(m

g)
m

ea
n 

± 
SD

(m
g)

m
ea

n 
± 

SD
(m

g)
m

ea
n 

± 
SD

(m
g)

m
ea

n 
± 

SD
(m

g)
m

ea
n 

± 
SD

(m
g)

m
ea

n 
± 

SD
(m

g)
m

ea
n 

± 
SD

(m
g)

S1
2.

58
 ±

 0
.2

5
2.

72
 ±

 0
.3

9
1.

66
 ±

 0
.3

8
2.

82
 ±

 0
.8

6
2.

94
 ±

 1
.0

3
2.

23
 ±

 1
.0

1
2.

53
 ±

 0
.6

9
2.

75
 ±

 0
.7

8
1.

48
 ±

 0
.6

5
1.

55
 ±

 0
.6

2
1.

43
 ±

 0
.5

4
1.

31
 ±

 0
.5

1

S2
2.

56
 ±

 0
.3

1
2.

64
 ±

 0
.4

8
1.

91
 ±

 0
.4

3
2.

69
 ±

 0
.6

3
3.

01
 ±

 1
.2

6
2.

22
 ±

 0
.6

6
2.

47
 ±

 0
.6

7
2.

91
 ±

 0
.8

1
1.

46
 ±

 0
.6

4
1.

71
 ±

 0
.6

5
1.

65
 ±

 0
.5

8
1.

56
 ±

 0
.6

1

S3
1.

43
 ±

 0
.3

6
1.

78
 ±

 0
.3

1
1.

14
 ±

 0
.2

8
1.

77
 ±

 0
.8

5
2.

27
 ±

 0
.9

9
1.

03
 ±

 0
.5

4
1.

72
 ±

 0
.5

2
1.

70
 ±

 0
.5

7
0.

70
 ±

 0
.4

9
0.

67
 ±

 0
.4

4
0.

68
 ±

 0
.3

9
0.

50
 ±

 0
.4

1

S4
1.

71
 ±

 0
.4

3
1.

09
 ±

 0
.1

7
1.

11
 ±

 0
.2

7
1.

56
 ±

 0
.9

4
2.

50
 ±

 0
.9

5
1.

40
 ±

 0
.5

0
1.

81
 ±

 0
.5

4
1.

79
 ±

 0
.5

9
0.

54
 ±

 0
.4

6
0.

56
 ±

 0
.4

2
0.

44
 ±

 0
.3

4
0.

50
 ±

 0
.4

2

S5
1.

95
 ±

 0
.3

5
2.

15
 ±

 0
.3

8
0.

80
 ±

 0
.2

1
1.

94
 ±

 0
.9

9
2.

35
 ±

 0
.9

1
1.

83
 ±

 0
.5

9
2.

19
 ±

 0
.6

2
2.

00
 ±

 0
.6

4
0.

72
 ±

 0
.4

9
0.

70
 ±

 0
.4

5
0.

69
 ±

 0
.3

9
0.

48
 ±

 0
.4

5

S6
1.

51
 ±

 0
.2

5
2.

49
 ±

 0
.4

5
1.

06
 ±

 0
.2

7
2.

32
 ±

 0
.7

9
2.

28
 ±

 0
.9

0
1.

55
 ±

 0
.5

3
1.

45
 ±

 0
.4

7
1.

93
 ±

 0
.6

2
0.

63
 ±

 0
.4

8
0.

87
 ±

 0
.4

8
0.

88
 ±

 0
.4

3
0.

77
 ±

 0
.3

8

S7
2.

56
 ±

 0
.4

7
2.

23
 ±

 0
.4

0
1.

32
 ±

 0
.3

2
2.

76
 ±

 0
.8

8
2.

68
 ±

 0
.9

9
2.

21
 ±

 0
.6

6
2.

61
 ±

 0
.7

0
2.

27
 ±

 0
.6

8
1.

62
 ±

 0
.6

7
1.

61
 ±

 0
.6

3
1.

43
 ±

 0
.5

4
1.

38
 ±

 0
.5

9

S8
2.

87
 ±

 0
.5

3
2.

40
 ±

 0
.4

3
1.

27
 ±

 0
.3

1
2.

26
 ±

 0
.7

8
2.

79
 ±

 1
.0

1
2.

19
 ±

 0
.6

6
2.

48
 ±

 0
.6

7
2.

15
 ±

 0
.6

5
1.

88
 ±

 0
.7

3
1.

56
 ±

 0
.6

2
1.

52
 ±

 0
.5

7
1.

41
 ±

 0
.5

7

S9
1.

40
 ±

 0
.3

1
1.

39
 ±

 0
.2

9
0.

81
 ±

 0
.2

2
1.

01
 ±

 0
.5

3
2.

18
 ±

 0
.8

8
0.

82
 ±

 0
.4

5
1.

12
 ±

 0
.4

0
1.

35
 ±

 0
.5

0
0.

29
 ±

 0
.4

1
0.

43
 ±

 0
.3

9
0.

56
 ±

 0
.3

6
0.

30
 ±

 0
.4

5

S1
0

1.
29

 ±
 0

.2
3

1.
58

 ±
 0

.3
8

0.
54

 ±
 0

.1
6

2.
03

 ±
 0

.7
4

1.
76

 ±
 0

.7
9

0.
87

 ±
 0

.4
6

1.
23

 ±
 0

.4
3

1.
24

 ±
 0

.4
8

0.
41

 ±
 0

.4
3

0.
47

 ±
 0

.4
5

0.
60

 ±
 0

.3
6

0.
57

 ±
 0

.5
0

S1
1

2.
31

 ±
 0

.4
3

2.
36

 ±
 0

.5
3

0.
75

 ±
 0

.5
5

2.
05

 ±
 0

.7
4

2.
18

 ±
 0

.8
8

1.
51

 ±
 0

.6
0

1.
95

 ±
 0

.5
7

2.
36

 ±
 0

.7
0

0.
63

 ±
 0

.4
8

1.
23

 ±
 0

.6
4

0.
96

 ±
 0

.4
2

1.
24

 ±
 0

.6
4

S1
2

2.
05

 ±
 0

.4
6

1.
96

 ±
 0

.4
5

0.
99

 ±
 0

.7
8

2.
26

 ±
 0

.7
8

2.
03

 ±
 0

.8
5

1.
63

 ±
 0

.6
2

2.
14

 ±
 0

.6
1

2.
09

 ±
 0

.6
5

1.
12

 ±
 0

.5
7

1.
22

 ±
 0

.5
9

1.
05

 ±
 0

.4
6

1.
18

 ±
 0

.6
3

S1
3

2.
59

 ±
 0

.5
7

2.
86

 ±
 0

.6
3

1.
71

 ±
 0

.6
4

2.
57

 ±
 0

.8
4

2.
02

 ±
 0

.8
4

2.
35

 ±
 0

.6
0

2.
91

 ±
 0

.7
6

2.
73

 ±
 0

.7
8

1.
59

 ±
 0

.6
7

1.
87

 ±
 0

.6
8

1.
74

 ±
 0

.6
0

1.
65

 ±
 0

.7
2

S1
4

2.
54

 ±
 0

.4
7

2.
77

 ±
 0

.6
1

1.
78

 ±
 0

.6
6

2.
54

 ±
 0

.8
4

1.
87

 ±
 0

.8
1

2.
14

 ±
 0

.5
8

2.
47

 ±
 0

.6
7

1.
82

 ±
 0

.5
8

1.
52

 ±
 0

.6
6

1.
98

 ±
 0

.7
0

1.
80

 ±
 0

.6
1

1.
67

 ±
 0

.7
1

S1
5

1.
74

 ±
 0

.3
1

1.
67

 ±
 0

.3
9

0.
54

 ±
 0

.7
1

1.
32

 ±
 0

.5
9

2.
05

 ±
 0

.8
5

1.
20

 ±
 0

.3
9

1.
49

 ±
 0

.4
7

2.
08

 ±
 0

.6
5

0.
37

 ±
 0

.4
2

0.
32

 ±
 0

.3
8

0.
67

 ±
 0

.3
8

0.
44

 ±
 0

.4
7

S1
6

1.
55

 ±
 0

.2
4

1.
52

 ±
 0

.3
6

0.
33

 ±
 0

.7
7

1.
75

 ±
 0

.6
8

1.
95

 ±
 0

.8
3

1.
19

 ±
 0

.3
9

1.
61

 ±
 0

.5
0

1.
67

 ±
 0

.6
5

0.
31

 ±
 0

.4
1

0.
62

 ±
 0

.4
3

0.
81

 ±
 0

.4
1

0.
55

 ±
 0

.5
0

S1
7

2.
33

 ±
 0

.4
0

1.
93

 ±
 0

.4
3

1.
09

 ±
 0

.6
2

2.
64

 ±
 0

.8
6

2.
83

 ±
 1

.0
1

1.
62

 ±
 0

.4
7

2.
51

 ±
 0

.6
9

2.
32

 ±
 0

.6
9

1.
04

 ±
 0

.5
6

1.
51

 ±
 0

.6
2

1.
35

 ±
 0

.5
2

1.
14

 ±
 0

.6
2

S1
8

2.
39

 ±
 0

.4
1

2.
84

 ±
 0

.6
3

1.
63

 ±
 0

.7
5

2.
58

 ±
 0

.8
5

2.
73

 ±
 0

.9
9

1.
58

 ±
 0

.4
7

1.
95

 ±
 0

.5
7

2.
08

 ±
 0

.3
7

1.
32

 ±
 0

.6
1

1.
43

 ±
 0

.6
0

1.
98

 ±
 0

.6
4

1.
03

 ±
 0

.6
0

S1
9

3.
10

 ±
 0

.5
5

2.
91

 ±
 0

.6
4

1.
58

 ±
 0

.5
7

1.
97

 ±
 0

.7
2

2.
65

 ±
 0

.9
7

1.
60

 ±
 0

.4
3

2.
36

 ±
 0

.6
5

2.
61

 ±
 0

.6
9

1.
57

 ±
 0

.6
4

1.
22

 ±
 0

.5
5

1.
67

 ±
 0

.5
8

1.
37

 ±
 0

.6
6

S 
20

2.
90

 ±
 0

.5
1

3.
02

 ±
 0

.6
6

1.
42

 ±
 0

.4
3

1.
89

 ±
 0

.7
1

2.
49

 ±
 0

.9
3

1.
59

 ±
 0

.4
4

2.
45

 ±
 0

.6
7

2.
27

 ±
 0

.6
7

1.
39

 ±
 0

.5
9

1.
59

 ±
 0

.6
3

1.
43

 ±
 0

.5
4

1.
29

 ±
 0

.6
5

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 30

Ta
bl

e 
5

T
he

 id
en

tif
ic

at
io

n 
re

su
lts

 o
f 

un
kn

ow
n 

st
er

oi
da

l s
ap

on
in

s 
in

 th
e 

cr
ud

e 
ex

tr
ac

ts
 f

ro
m

 D
Z

W
 b

y 
H

PL
C

/Q
-T

O
F-

M
S/

M
S.

P
ea

k 
N

O
.

R
T

 (
m

in
)

P
ro

po
se

d 
m

ol
ec

ul
ar

 F
or

m
ul

a
m

/z
 E

xp
er

im
en

t
m

/z
 C

al
cu

la
te

E
rr

or
 (

m
D

a)
(+

)E
SI

-M
S/

M
S 

m
/z

 [
M

+H
]+

P
ro

po
se

d 
fr

ag
m

en
ta

ti
on

 P
at

hw
ay

P
os

si
bl

e 
ty

pe
 o

f 
ag

ly
co

ne

1
3.

54
4

C
57

H
92

O
27

12
09

.3
27

4
12

09
.3

24
2

3.
2

12
10

.3
35

3,
10

64
.1

94
1,

90
2.

05
35

, 7
39

.9
12

4,
 5

77
.7

72
3,

 4
33

.5
60

9,
 4

15
.5

45
6,

27
1.

33
42

,2
53

.3
18

9
[M

+
H

-R
ha

-G
lu

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-R

ha
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

2
5.

51
7

C
51

H
82

O
22

10
47

.1
80

9
10

47
.1

83
6

−
2.

7
10

48
.1

88
8,

88
6.

04
82

,7
23

.9
07

6,
 5

77
.7

66
4,

43
3.

55
50

,4
15

.6
25

8,
 2

71
.4

14
4,

25
3.

39
91

[M
+

H
-G

lu
-G

lu
-R

ha
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-G
lu

-R
ha

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
I 

(S
pi

ro
st

an
ol

)

3
5.

44
4

C
45

H
71

O
18

90
0.

03
38

90
0.

03
44

−
0.

6
90

1.
04

17
,7

38
.9

01
1,

57
6.

76
05

41
4.

62
00

,3
96

.6
04

7,
27

1.
41

64
, 2

53
.4

01
2

[M
+

H
-G

lu
-G

lu
-G

lu
-H

2O
-C

8H
16

O
2-

H
2O

]+
T

yp
e 

II
I 

(F
ur

os
ta

no
l)

4
5.

87
3

C
51

H
82

O
23

10
63

.1
84

1
10

63
.1

83
0

1.
1

10
64

.1
92

0,
90

2.
05

14
,7

39
.9

10
8,

 5
77

.7
70

2,
43

3.
55

88
,4

15
.5

43
5,

 2
71

.3
32

0,
25

3.
31

68
[M

+
H

-G
lu

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

5
6.

33
1

C
57

H
92

O
27

12
09

.3
23

0
12

09
.3

24
2

−
0.

8
12

10
.3

33
7,

10
48

.1
93

1,
90

2.
05

19
, 7

39
.9

11
3,

57
7.

77
07

,4
33

.5
59

3,
 4

15
.5

44
0,

27
1.

33
26

,2
53

.3
17

3
[M

+
H

-G
lu

-R
ha

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-R

ha
-G

lu
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

6
6.

72
0

C
57

H
92

O
27

12
09

.3
23

0
12

09
.3

24
2

−
0.

8
12

10
.3

30
9,

10
48

.1
90

3,
88

6.
04

97
, 7

39
.9

08
5,

57
7.

76
79

,4
33

.5
56

5,
 4

15
.5

41
2,

27
1.

32
98

,2
53

.3
14

5
[M

+
H

-G
lu

-G
lu

-R
ha

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-G

lu
-R

ha
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

7
6.

90
5

C
51

H
82

O
23

10
63

.1
82

3
10

63
.1

83
0

−
0.

7
10

64
.1

90
2,

90
2.

04
96

,7
39

.9
09

0,
 5

77
.7

68
4,

43
3.

55
70

,4
15

.5
41

7,
 2

71
.3

30
3,

25
3.

31
50

[M
+

H
-G

lu
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
I 

(S
pi

ro
st

an
ol

)

8
7.

42
0

C
51

H
84

O
22

10
49

.1
97

9
10

49
.1

99
5

−
1.

6
10

50
.0

07
9,

88
7.

86
73

,7
41

.7
26

1,
 5

79
.5

85
5,

43
5.

37
41

,4
17

.4
44

9,
 2

73
.2

33
5,

25
5.

21
82

[M
+

H
-G

lu
-R

ha
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-R
ha

-G
lu

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
V

II
 (

Sp
ir

os
ta

no
l)

 [
R

ef
 2

4]

9
7.

96
7

C
51

H
81

O
22

10
46

.1
76

6
10

46
.1

75
6

1.
0

10
47

.1
84

5,
90

1.
04

40
,7

38
.9

03
3,

 5
76

.7
62

1,
41

4.
62

15
,3

96
.6

06
2

27
1.

41
80

,2
53

.4
02

8
[M

+
H

-R
ha

-G
lu

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

I 
(F

ur
os

ta
no

l)

10
9.

42
9

C
57

H
94

O
28

12
27

.3
38

0
12

27
.3

39
5

−
1.

5
12

28
.3

45
9,

12
10

.3
30

7,
10

48
.1

90
1,

 9
02

.0
48

9,
73

9.
90

83
,5

77
.7

67
7,

 4
15

.6
27

1,
39

7.
61

18
,2

71
.4

15
6,

 2
53

.4
00

3
[M

+
H

-H
2O

-G
lu

-R
ha

-G
lu

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

 (
Fu

ro
st

an
ol

)

11
9.

61
7

C
57

H
92

O
27

12
09

.3
21

6
12

09
.3

24
2

−
2.

6
12

10
.3

29
5,

10
48

.1
88

9,
88

6.
04

83
, 7

39
.9

07
1,

57
7.

76
65

,4
33

.5
55

1,
 4

15
.5

39
8,

27
1.

32
84

,2
53

.3
13

1
[M

+
H

-G
lu

-G
lu

-R
ha

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-G

lu
-R

ha
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

12
10

.2
59

C
57

H
94

O
27

12
11

.3
42

5
12

11
.3

40
1

2.
4

12
12

.3
50

4,
10

50
.2

09
8,

88
8.

06
92

, 7
41

.9
28

0,
57

9.
78

74
,4

35
.5

76
0,

 4
17

.5
60

7,
27

3.
34

93
,2

55
.3

34
0

[M
+

H
-G

lu
-G

lu
-R

ha
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-G
lu

-R
ha

-G
lu

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
V

II
 (

Sp
ir

os
ta

no
l)

 [
R

ef
 2

4]

13
10

.8
11

C
39

H
62

O
13

73
8.

90
37

73
8.

90
18

1.
9

73
9.

20
37

,5
76

.7
01

0,
41

4.
63

04
, 3

96
.6

15
1,

27
1.

42
69

,2
53

.4
11

7
[M

+
H

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

I 
(F

ur
os

ta
no

l)

14
11

.6
23

C
51

H
82

O
23

10
63

.1
80

2
10

63
.1

83
0

−
2.

8
10

64
.1

88
1,

90
2.

04
75

,7
39

.9
06

9,
 5

77
.7

66
3,

43
3.

55
49

,4
15

.5
39

6,
 2

71
.3

28
2,

25
3.

31
29

[M
+

H
-G

lu
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
I 

(S
pi

ro
st

an
ol

)

15
11

.9
38

C
39

H
62

O
13

73
8.

90
48

73
8.

90
18

3.
0

73
9.

91
27

,5
77

.7
72

1,
43

3.
56

07
, 4

15
.5

45
4,

27
1.

33
40

,2
53

.3
18

7
[M

+
H

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

O
r 

[M
+

H
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

16
12

.3
97

C
51

H
84

O
23

10
65

.1
99

4
10

65
.1

98
9

0.
5

10
66

.2
07

3,
10

48
.1

92
1,

88
6.

05
15

, 7
39

.9
10

3,
57

7.
76

97
,4

15
.6

29
1

39
7.

61
18

,2
71

.4
17

6,
25

3.
40

23
[M

+
H

-H
2O

-G
lu

-R
ha

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

 (
Fu

ro
st

an
ol

)

17
12

.7
71

C
45

H
72

O
17

88
5.

04
26

88
5.

04
30

−
0.

4
88

6.
05

05
,7

23
.9

09
9,

57
7.

76
87

, 4
33

.5
57

3,
41

5.
54

20
,2

71
.3

30
6,

 2
53

.3
15

3
[M

+
H

-G
lu

-R
ha

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-R

ha
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

18
13

.2
16

C
51

H
82

O
22

10
47

.1
84

1
10

47
.1

83
6

0.
5

10
48

.1
89

3,
88

6.
04

87
,7

23
.9

08
1,

 5
77

.7
66

9,
43

3.
55

55
,4

15
.5

40
2,

 2
71

.3
28

8,
25

3.
31

35
[M

+
H

-G
lu

-G
lu

-R
ha

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-G

lu
-R

ha
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

19
14

.1
81

C
39

H
62

O
13

73
8.

90
59

73
8.

90
18

4.
1

73
9.

91
38

,5
77

.7
73

2,
43

3.
56

18
, 4

15
.5

46
5,

27
1.

33
51

,2
53

.3
19

8
[M

+
H

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

20
14

.8
82

C
45

H
74

O
19

91
9.

05
65

91
9.

05
77

−
1.

2
92

0.
06

44
,9

02
.0

49
2,

73
9.

90
86

, 5
77

.7
68

0,
41

5.
62

74
,3

97
.6

12
1,

 2
71

.4
16

0,
25

3.
40

06
[M

+
H

-H
2O

-G
lu

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

 (
Fu

ro
st

an
ol

)

21
16

.3
38

C
51

H
86

O
23

10
67

.2
12

3
10

67
.2

14
7

−
2.

4
10

68
.2

20
2,

10
50

.2
05

0,
90

4.
06

44
, 7

42
.9

23
8,

57
9.

78
26

,4
17

.6
42

0,
 3

99
.6

26
7,

27
3.

43
05

,2
55

.4
15

2
[M

+
H

-H
2O

-R
ha

-G
lu

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
V

II
I 

(F
ur

os
ta

no
l)

 [
R

ef
 2

4]

22
17

.2
95

C
57

H
92

O
28

12
25

.3
22

1
12

25
.3

23
6

−
1.

5
12

26
.3

30
0,

10
64

.1
89

4,
90

2.
04

88
, 7

39
.9

08
2,

57
7.

76
76

,4
33

.5
56

2,
 4

15
.5

40
9,

27
1.

32
95

,2
53

.3
14

2
[M

+
H

-G
lu

-G
lu

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

23
19

.8
46

C
51

H
82

O
23

10
63

.1
84

5
10

63
.1

83
0

1.
5

10
64

.1
92

4,
90

2.
05

18
,7

39
.9

11
2,

 5
77

.7
06

4,
43

3.
55

92
,4

15
.5

43
9,

 2
71

.3
32

5,
25

3.
31

72
[M

+
H

-G
lu

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

24
21

.3
17

C
45

H
72

O
17

88
5.

04
67

88
5.

04
30

3.
7

88
6.

05
46

,7
39

.9
13

4,
57

7.
77

28
, 4

33
.5

61
4,

41
5.

54
61

,2
71

.3
34

7,
 2

53
.3

19
4

[M
+

H
-R

ha
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-R
ha

-G
lu

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
I 

(S
pi

ro
st

an
ol

)

25
22

.9
20

C
51

H
82

O
22

10
47

.1
83

9
10

47
.1

83
6

0.
3

10
48

.1
91

8,
90

2.
05

06
,7

39
.9

10
0,

 5
77

.7
69

4,
43

3.
55

80
,4

15
.5

42
7,

 2
71

.3
31

3,
25

3.
31

60
[M

+
H

-R
ha

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-R

ha
-G

lu
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

26
23

.8
73

C
51

H
82

O
23

10
63

.1
86

8
10

63
.1

83
0

3.
8

10
64

.1
94

7,
90

2.
05

41
,7

39
.9

13
5,

 5
77

.7
72

9,
43

3.
56

15
,4

15
.5

46
2,

 2
71

.3
34

8,
25

3.
31

95
[M

+
H

-G
lu

-G
lu

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

27
27

.3
49

C
51

H
82

O
21

10
31

.1
86

0
10

31
.1

84
2

1.
8

10
32

.1
93

9,
87

0.
05

33
,7

23
.9

12
1,

 5
77

.7
70

9,
43

3.
55

95
,4

15
.5

44
2,

 2
71

.3
32

8,
25

3.
31

75
[M

+
H

-G
lu

-R
ha

-R
ha

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-R

ha
-R

ha
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 31

P
ea

k 
N

O
.

R
T

 (
m

in
)

P
ro

po
se

d 
m

ol
ec

ul
ar

 F
or

m
ul

a
m

/z
 E

xp
er

im
en

t
m

/z
 C

al
cu

la
te

E
rr

or
 (

m
D

a)
(+

)E
SI

-M
S/

M
S 

m
/z

 [
M

+H
]+

P
ro

po
se

d 
fr

ag
m

en
ta

ti
on

 P
at

hw
ay

P
os

si
bl

e 
ty

pe
 o

f 
ag

ly
co

ne

28
30

.6
90

C
51

H
82

O
21

10
31

.1
81

8
10

31
.1

84
2

−
2.

4
10

32
.1

89
7,

88
6.

04
85

,7
23

.9
07

9
57

7.
76

67
,4

33
.5

55
3,

41
5.

54
00

, 2
71

.3
28

6,
25

3.
31

33
[M

+
H

-R
ha

-G
lu

-R
ha

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-R

ha
-G

lu
-R

ha
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

29
31

.1
97

C
51

H
81

O
22

10
46

.1
76

1
10

46
.1

75
6

0.
5

10
47

.1
84

0,
90

1.
04

28
,7

38
.9

02
2,

 5
76

.7
61

6,
41

4.
62

10
,3

96
.6

05
7

27
1.

41
75

,2
53

.4
01

5
[M

+
H

-R
ha

-G
lu

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

I 
(F

ur
os

ta
no

l)

30
31

.9
26

C
45

H
72

O
17

88
5.

04
09

88
5.

04
30

−
2.

2
88

6.
04

88
,7

23
.9

08
2,

57
7.

76
70

, 4
33

.5
55

6,
41

5.
54

03
,2

71
.3

28
9,

 2
53

.3
13

6
[M

+
H

-G
lu

-R
ha

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-R

ha
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

31
33

.2
36

C
63

H
10

2O
31

13
55

.4
66

0
13

55
.4

65
4

0.
6

13
56

.4
73

9,
11

94
.3

33
3,

10
48

.1
92

1,
 8

86
.0

51
5,

72
3.

91
09

,5
77

.7
69

7,
 4

33
.5

58
3,

41
5.

54
30

,2
71

.3
31

6,
 2

53
.3

16
3

[M
+

H
-G

lu
-R

ha
-G

lu
-G

lu
-R

ha
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-R
ha

-G
lu

-G
lu

-R
ha

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
I 

(S
pi

ro
st

an
ol

)

32
34

.9
45

C
57

H
92

O
27

12
09

.3
26

1
12

09
.3

24
2

1.
8

12
10

.3
34

0,
10

48
.1

93
4,

90
2.

05
22

, 7
39

.9
11

6,
57

7.
77

10
,4

33
.5

59
6,

 4
15

.5
44

3,
27

1.
33

29
,2

53
.3

17
6

[M
+

H
-G

lu
-R

ha
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-R
ha

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
I 

(S
pi

ro
st

an
ol

)

33
35

.5
07

C
45

H
76

O
19

92
1.

07
51

92
1.

07
35

1.
6

92
2.

08
30

,9
04

.0
67

8,
74

1.
92

72
, 5

79
.7

86
0,

41
7.

64
54

,3
99

.6
30

1,
 2

73
.4

33
9,

25
5.

41
86

[M
+

H
-H

2O
-G

lu
-G

lu
-G

lu
-H

2O
-C

8H
16

O
2-

H
2O

]+
T

yp
e 

V
II

I 
(F

ur
os

ta
no

l)
 [

R
ef

 2
4]

34
35

.8
47

C
45

H
74

O
18

90
3.

05
98

90
3.

05
83

1.
5

90
4.

06
77

,8
86

.0
52

5,
73

9.
91

18
, 5

77
.7

70
6,

41
5.

63
00

, 3
97

.6
14

7,
 2

71
.4

18
5,

 2
53

.4
03

2
[M

+
H

-H
2O

-R
ha

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

 (
Fu

ro
st

an
ol

)

35
37

.6
18

C
45

H
72

O
18

90
1.

04
60

90
1.

04
23

3.
7

90
2.

05
39

,7
39

.9
13

3,
57

7.
77

27
, 4

33
.5

61
38

,4
15

.5
46

0,
27

1.
33

46
, 2

53
.3

19
3

[M
+

H
-G

lu
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r 
[M

+
H

-G
lu

-G
lu

-C
8H

16
O

2-
G

lu
-H

2O
]+

T
yp

e 
I 

(S
pi

ro
st

an
ol

)

36
37

.9
28

C
45

H
76

O
19

92
1.

07
13

92
1.

07
35

−
2.

2
92

2.
07

92
,9

04
.0

64
0,

74
1.

92
34

, 5
79

.7
82

8,
41

7.
64

22
,3

99
.6

26
9,

 2
73

.4
30

7,
25

5.
41

54
[M

+
H

-H
2O

-G
lu

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
V

II
I 

(F
ur

os
ta

no
l)

 [
R

ef
 2

4]

37
38

.5
59

C
45

H
71

O
17

88
4.

03
47

88
4.

03
50

−
0.

3
88

5.
04

26
,7

38
.9

02
0,

57
6.

76
08

, 4
14

.6
20

2,
39

6.
60

49
,2

71
.4

16
7,

 2
53

.4
01

5
[M

+
H

-R
ha

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

I 
(F

ur
os

ta
no

l)

38
39

.5
09

C
45

H
71

O
17

88
4.

03
46

88
4.

03
50

−
0.

4
88

5.
04

25
,7

38
.9

01
9,

57
6.

76
07

, 4
14

.6
20

1,
39

6.
60

48
,2

71
.4

16
6,

 2
53

.4
01

4
[M

+
H

-R
ha

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

I 
(F

ur
os

ta
no

l)

39
39

.9
87

C
39

H
62

O
13

73
8.

90
20

73
8.

90
18

0.
2

73
9.

90
99

,5
77

.7
69

3,
43

3.
55

79
, 4

15
.5

42
6,

27
1.

33
12

,2
53

.3
15

9
[M

+
H

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

40
40

.5
88

C
39

H
62

O
13

73
8.

90
67

73
8.

90
18

4.
9

73
9.

91
46

,5
77

.7
74

0,
43

3.
56

26
, 4

15
.5

47
3,

27
1.

33
59

,2
53

.3
20

6
[M

+
H

-G
lu

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

41
41

.1
26

C
33

H
52

O
8

57
6.

76
02

57
6.

76
12

−
1.

0
57

7.
76

81
,4

33
.5

56
7,

41
5.

54
12

, 2
71

.3
30

0,
25

3.
31

47
[M

+
H

-G
lu

-C
8H

16
O

2-
H

2O
]+

 O
r 

[M
+

H
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

42
41

.6
86

C
39

H
64

O
14

75
6.

91
75

75
6.

91
71

0.
4

75
7.

92
54

,7
39

.9
10

2,
57

7.
76

90
, 4

15
.6

28
4,

39
7.

61
31

,2
71

.4
16

9,
 2

53
.4

01
6

[M
+

H
-H

2O
-G

lu
-G

lu
-H

2O
-C

8H
16

O
2-

H
2O

]+
T

yp
e 

II
 (

Fu
ro

st
an

ol
)

43
41

.9
31

C
45

H
72

O
17

88
5.

04
36

88
5.

04
30

0.
6

88
6.

05
15

,7
39

.9
10

9,
57

7.
76

97
, 4

33
.5

58
3,

41
5.

54
30

,2
71

.3
31

6,
 2

53
.3

16
3

[M
+

H
-R

ha
-G

lu
-G

lu
-C

8H
16

O
2-

H
2O

]+
 O

r]
 [

M
+

H
-R

ha
-G

lu
-C

8H
16

O
2-

G
lu

-H
2O

]+
T

yp
e 

I 
(S

pi
ro

st
an

ol
)

44
42

.4
41

C
46

H
76

O
19

93
3.

08
50

93
3.

08
42

0.
8

93
4.

08
50

,9
02

.0
43

1,
77

1.
94

44
, 6

09
.8

03
8,

44
7.

66
32

,4
29

.6
47

9,
 2

71
.4

09
9,

25
3.

39
46

[M
+

H
-M

et
ha

no
l-

G
lu

-G
lu

-G
lu

-H
2O

-C
9H

20
O

3-
H

2O
]+

T
yp

e 
V

 (
Fu

ro
st

an
ol

)

45
43

.0
07

C
45

H
74

O
18

90
3.

05
77

90
3.

05
83

−
0.

6
90

4.
06

56
,8

86
.0

50
4,

73
9.

90
92

, 5
77

.7
68

6,
41

5.
62

80
,3

97
.6

12
7,

 2
71

.4
16

5,
25

3.
40

12
[M

+
H

-H
2O

-R
ha

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

 (
Fu

ro
st

an
ol

)

46
43

.6
35

C
40

H
66

O
14

77
0.

94
23

77
0.

94
36

−
1.

3
77

1.
14

23
,7

39
.1

00
4,

60
9.

59
54

, 4
47

.6
38

7,
42

9.
62

34
,2

71
.4

85
4

25
3.

47
01

[M
+

H
-M

et
ha

no
l-

G
lu

-G
lu

-H
2O

-C
9H

20
O

3-
H

2O
]+

T
yp

e 
V

 (
Fu

ro
st

an
ol

)

47
44

.2
38

C
45

H
71

O
17

88
4.

03
64

88
4.

03
50

1.
4

88
5.

04
43

,7
38

.9
03

1,
57

6.
76

25
, 4

14
.6

21
9,

39
6.

60
66

,2
71

.4
18

4,
 2

53
.4

03
2

[M
+

H
-R

ha
-G

lu
-G

lu
-H

2O
-C

8H
16

O
2-

H
2O

]+
T

yp
e 

II
I 

(F
ur

os
ta

no
l)

48
48

.8
00

C
46

H
73

O
16

88
2.

06
39

88
2.

06
22

1.
7

88
3.

07
18

,7
36

.9
31

2,
57

4.
79

00
, 4

12
.6

49
4,

39
4.

63
41

,2
71

.4
18

8,
 2

53
.4

03
5

[M
+

H
-R

ha
-G

lu
-G

lu
-H

2O
-C

9H
18

O
-H

2O
]+

T
yp

e 
IV

 (
Fu

ro
st

an
ol

)

49
49

.3
91

C
46

H
73

O
16

88
2.

06
36

88
2.

06
22

1.
4

88
3.

07
15

,7
36

.9
30

3,
57

4.
78

91
, 4

12
.6

48
5,

39
4.

63
32

,2
71

.4
17

9,
 2

53
.4

02
6

[M
+

H
-R

ha
-G

lu
-G

lu
-H

2O
-C

9H
18

O
-H

2O
]+

T
yp

e 
IV

 (
Fu

ro
st

an
ol

)

50
49

.8
23

C
40

H
66

O
14

77
0.

94
57

77
0.

94
36

2.
1

77
1.

10
51

,7
39

.1
23

1,
60

9.
56

32
, 4

47
.6

80
3,

42
9.

66
50

,2
71

.4
27

0,
 2

53
.4

11
7

[M
+

H
-M

et
ha

no
l-

G
lu

-G
lu

-H
2O

-C
9H

20
O

3-
H

2O
]+

T
yp

e 
V

 (
Fu

ro
st

an
ol

)

51
54

.1
17

C
39

H
64

O
14

75
6.

91
64

75
6.

91
71

−
0.

7
75

7.
92

43
,7

39
.9

09
1,

57
7.

76
85

, 4
15

.6
27

9,
39

7.
61

26
,2

71
.4

16
4,

 2
53

.4
01

1
[M

+
H

-H
2O

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
II

 (
Fu

ro
st

an
ol

)

52
54

.8
61

C
39

H
66

O
13

75
8.

93
18

75
8.

93
29

−
1.

1
75

9.
93

97
,7

41
.9

24
5,

57
9.

78
39

, 4
17

.6
43

1,
39

9.
62

80
,2

73
.4

31
6,

 2
55

.4
16

3
[M

+
H

-H
2O

-G
lu

-G
lu

-H
2O

-C
8H

16
O

2-
H

2O
]+

T
yp

e 
V

II
I 

(F
ur

os
ta

no
l)

 [
R

ef
 2

4]

53
55

.1
83

C
41

H
70

O
11

73
8.

98
66

73
8.

98
79

−
1.

3
73

9.
18

66
,5

77
.8

76
3,

41
5.

23
28

, 3
97

.3
74

9
[M

+
H

-G
lu

-G
lu

-H
2O

]+
T

yp
e 

V
I 

(d
au

co
st

er
ol

)

54
56

.0
21

C
41

H
70

O
11

73
8.

98
60

73
8.

98
79

−
1.

9
73

9.
08

60
,5

77
.9

11
1,

41
5.

60
65

, 3
97

.4
48

9
[M

+
H

-G
lu

-G
lu

-H
2O

]+
T

yp
e 

V
I 

(d
au

co
st

er
ol

)

55
57

.1
03

C
40

H
63

O
12

73
5.

92
30

73
5.

92
10

2.
0

73
6.

93
09

,5
74

.7
90

3,
41

2.
64

97
, 3

94
.6

34
4,

27
1.

41
91

,2
53

.4
03

8
[M

+
H

-G
lu

-G
lu

-H
2O

-H
2O

-C
9H

18
O

-H
2O

]+
T

yp
e 

IV
 (

Fu
ro

st
an

ol
)

56
57

.6
30

C
41

H
70

O
10

72
3.

44
11

72
3.

44
06

0.
5

72
4.

14
11

,5
77

.2
87

1,
41

5.
63

25
, 3

97
.6

01
6

[M
+

H
-R

ha
-G

lu
-H

2O
]+

T
yp

e 
V

I 
(d

au
co

st
er

ol
)

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 March 25.


