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A method coupling high-performance liquid chromatography with hybrid ion trap time-of-flight

mass spectrometry (TOFMS) using an electrospray ionization source was firstly used to characterize

ten major pregnane glycosides including one novel compound auriculoside IV from the roots of

Cynanchum auriculatum Royle ex Wight. In the MS/MS spectra, fragmentation reactions of the

[MRNa]R were recorded to provide abundant structural information on the aglycone and glycosyl

moieties. Experiments using TOFMS allowed us to obtain precise elemental compositions of

molecular ions and subsequent product ions with errors less than 6ppm. The pregnane glycosides

in C. auriculatum were classified into two major core groups: one is caudatin characterized by the

neutral loss of one ikemamic acid molecule (128 Da) from the precursor ion, and the other is

kidjoranin characterized by the neutral loss of cinnamic acid (148 Da) from the precursor ion.

Meanwhile, a series of sugar-chain fragment ions provided valuable information about the compo-

sitions of the sugar residues and the sequences of the sugar chain. Logical fragmentation pathways

for pregnane glycosides have been proposed and are useful for the identification of these compounds

in natural products especially when there are no reference compounds available. Copyright # 2009

John Wiley & Sons, Ltd.

Radix Cynanchi Auriculati, derived from the roots of

Cynanchum auriculatum Royle ex Wight belonging to Ascle-

piadaceae family, is a very famous herbal medicine that is

widely distributed in China and India. It has been used in the

clinic as a beneficial and tonic agent formore than 100 years in

Traditional Chinese Medicine known as Baishouwu. Phyto-

chemical and pharmacological investigations on this herb

indicated that pregnane glycosides are the major bioactive

constituents.1 Pregnane glycosides are a class of pharmaceu-

tically highly interesting natural products that have attracted

much attention for their bioactivities, including antitumor,

cytotoxicity, antifungal, acetylcholine esterase inhibition and

antiosteoporosis.2–6 The availability of effective methods for

the structural characterization and identification of pregnane

glycosides is of significant importance. Due to their structural

complexity, high polarity, thermal lability and lowabundance

in plants, it is difficult to analyze pregnane glycosides by

traditional strategies that involve extraction, isolation, puri-

fication and identification by chemical manipulations and

spectroscopicmethods.Althoughnuclearmagnetic resonance

(NMR) is the most efficient method for complete structural

elucidation of chemical compounds, a relatively large amount

ofpurifiedsample is requiredandthe isolationprocedure from

a complicated mixture is very time-consuming and costly.

Henceit isdesirable todeveloprapidandsensitivemethodsfor

the structural characterization of pregnane glycosides in

C. auriculatum.

The coupling of high-performance liquid chromatography

(HPLC) and electrospray ionization mass spectrometry (ESI-

MS) combines the efficient separation capability of HPLC

and the great power of structural characterization of MS. It

provides a powerful approach to characterize and identify a

variety of polar and thermally labile compounds such as

pregnane glycosides in crude extracts of plants.7–14 Various

hyphenated and hybrid mass spectrometers have now been

widely adopted, and, among them, time-of-flight (TOF)MS

and its hybrid or in combination use with tandem mass

spectrometry (MS/MS) has proven to be very powerful tools

for the structural characterization of natural compounds in

view of their complementary capacity to provide multistage

fragmentations and accurate mass measurements for precise

elemental compositions of molecular ions and subsequent

product ions. Recently, the combination use of LC/ion trap

multistagemass spectrometry (IT-MSn) and LC/TOF-MS has

been successfully applied to the identification and charac-

terization of target compounds in various fields.15–18

So far, there has been no systematic study for the complete

characterization and fragmentationmechanisms of pregnane

glycosides in C. auriculatum by ESI-MS/MS. Herein is

described an extensive investigation on the fragmentation
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pathways of ten pregnane glycosides including one novel

compound. Fragmentation rules and key diagnostic frag-

ment ions for these compounds have been summarized, and

possible pathways of fragmentation have been proposed.

Some useful characteristic fragmentation information such

as the sugar composition and sequence of the carbohydrate

portion has also been obtained, providing simple and rapid

methods for the identification of this class of compounds.

EXPERIMENTAL

Reagents and materials
Acetonitrile and methanol (HPLC grade) were purchased

fromMerck (Darmstadt, Germany). Formic acid (purity 96%)

was purchased from Tedia (Fairfield, OH, USA). Deionized

water (18 MV) was prepared by passing distilled water

through a Milli-Q system (Millipore, Milford, MA, USA).

Other reagents and chemicals were of analytical grade.

The roots of C. auriculatum were collected from Jiangsu

Province of China, and authenticated by Dr. Ping Li,

Professor of the Department of Pharmacognosy, China

Pharmaceutical University, Nanjing, China. Voucher speci-

mens (No.WFC-2004525-3) were deposited in the herbarium

of the Key Laboratory of Modern Chinese Medicines,

Ministry of Education, Department of Pharmacognosy,

China Pharmaceutical University.

Extraction and isolation of reference
compounds
The dried powders of the roots of C. auriculatum (1 kg) were

extracted three times with 95% ethanol under reflux for 2 h

each time, and the ethanol was evaporated under reduced

pressure. The extraction was suspended in 500mL water,

and then partitioned with the same volume of petroleum

ether, chloroform and n-butanol, respectively. The chloro-

form fraction was submitted to column chromatography on

silica gel (750 g) with a gradient elution of chloroform/

methanol (98:2, 95:5, 85:15, v/v) to give three fractions (I–III)

and the n-butanol fraction was chromatographed on a silica

gel column (500 g) with chloroform/methanol (15:1, 10:1, 4:1,

v/v) as elution to give another three fractions (IV–VI).

Fractions II, III and VI were finally purified by semi-

preparative HPLC on aWaters 600E HPLC system equipped

with a 2487 UV detector set at 220 nm (Waters Co., Milford,

MA, USA) with a methanol/water solvent system to afford

ten major pregnane glycosides named Pg1–Pg10.

Semi-preparative HPLC on a Waters 600E HPLC system

equipped with a Waters 2487 dual-wavelength UV detector

was used to prepare one new pregnane glycoside Pg-1.

The semi-preparative separation was achieved on a

reversed-phase Zorbax RX-C18 column (9.4mm� 250mm,

5mm); the column temperature was maintained at room

temperature. The mobile phase was acetonitrile/water

(40:60, v/v). The flow rate was 2.5mL/min and the UV

detection wavelength was 220 nm. The structures of the ten

pregnane glycosides (shown in Fig. 1) were elucidated by

spectroscopic methods including extensive 1D- and 2D-

NMR experiments, and compared with literature publi-

cations.19–22 1D- and 2D-NMR spectra were recorded on a

Bruker AV-500 spectrometer (1H 500MHz, 13C 125MHz),

using pyridine (C5D5N) as a solvent and TMS as internal

standard.

Figure 1. Structures of ten pregnane glycosides found in the roots of C. auriculatum.

Copyright # 2009 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectrom. 2009; 23: 2151–2160

DOI: 10.1002/rcm

2152 L.-W. Qi et al.



Sample preparation
The crude powder of roots was extracted three times with

95% ethanol under reflux for 2 h each time, and ethanol was

evaporated under reduced pressure. Then the extract was

subjected to a silica gel column eluting with chloroform/

methanol in the ratio of 50:1 and 4:1 (v/v) to give fractions I

and II. Fraction II, as the pregnane glycoside fraction, was

dissolved in methanol, filtered through a 0.45mm micro-

porous membrane and stored at 48C until analysis.

Apparatus, chromatographic and MS
conditions
HPLC analyses were performed on a Shimadzu analytical

HPLC instrument (Kyoto, Japan) coupled to a LC-20AD

pump, CTO-20AC column oven, DGU-20A degasser, and

SIL-20AC autoinjector. The separation was carried out on a

Phenomenex C18 column (4.6mm� 250mm, 5.0mm) with

the column temperature at 258C. The mobile phase consisted

of water (A) and acetonitrile (B) using a gradient elution of

49% B at 0–15min, 49–62% B at 15–18min, 62% B at 18–

23min, and 62–85% B at 23–33min. The mobile phase was

split into two identical parts with 0.4mL/min flowing into

theMS detector. The detection wavelength was set at 220 nm.

The IT-TOFMS system consisted of a Shimadzu hybrid

IT-TOF mass spectrometer with an ESI source. Mass

spectrometer conditions were optimized to obtain maximal

sensitivity. Positive ion mode was used to provide sensitive

signals and abundant fragment ions. The curve dissolution

line (CDL) temperature and the block heater temperature

were maintained at 2008C. The capillary voltage, CDL

voltage and detector voltage were fixed at 4.5 kV, �10V and

1.6 kV, respectively. Nitrogen was used as the nebulizer gas

at a flow rate of 1.5 L/min. Mass spectra were obtained over

the range m/z 300–1800. In the automatic mode, all ions were

first accumulated in the octopole and then rapidly pulsed

into the ion trap for MSn analyses according to the criteria

settings. All ions produced were finally introduced into the

TOF instrument for accurate mass determination. The ion

accumulation timewas 10ms. To increase mass accuracy, the

TOF mass spectrometer was calibrated routinely in the

positive ESI mode using a lock-mass trifluoroacetic acid

sodium solution. The entire mass range from m/z 100 to 3000

was calibrated with this lock-mass solution. The infusion of

this solution was performed every day for an accurate

calibration of the TOF analyzer. Experiments using TOFMS

showed accurate mass measurements of molecular ions in

MS spectra and subsequent product ions in MS/MS spectra

were obtained for the ten analytes with errors less than

6ppm, demonstrating a high validation of this calibration

method. The data acquisition and processing were per-

formed by the LC/MS solution version 3.4 software

(Shimadzu, Tokyo, Japan), including a formula predictor

to predict chemical formulas.

RESULTS AND DISCUSSION

Nomenclature
As shown in Fig. 1, a pregnane glycoside generally consists of

a pregnane aglycone skeleton and a single oligosaccharide

chain at C-3. Based on the structural difference in the acyl

group at C-12, the ten pregnane glycosides could be divided

into two groups, onewith a caudatin skeleton including Pg-2,

4, 7, 9 and 10, and the other with a kidjoranin skeleton

including Pg-1, 3, 5, 6 and 8. The oligosaccharide moiety

contains one to seven 2,6-dideoxyhexopyranoses (cymaro-

pyranose and/or diginopyranose and/or digitoxopyranose)

and/or hexopyranoses (glucopyranoses). The linkage mode

among all saccharides was 1!4 for the ten pregnane

glycosides. The nomenclature system suggested by Domon

and Costello for the cleavage of the carbohydrate part was

adopted to denote the glycoside fragment ions.23 The ions

containing the charge at the reducing terminus are termed Yj,

where j is the number of the interglycosidic bond broken,

counting from the aglycone, and the glycosidic bond

linking the glycosyl part to the aglycone is numbered 0,

whereas those ions retaining the charge on the carbohydrate

residue are designated as Ci, Bi and
k,lAi, where i represents

the number of the glycosidic bond cleaved counting from the

non-reducing terminus, and the superscripts k and l indicate

the cleavage site within the carbohydrate rings.

Because of the ubiquitous presence of sodium ions during

the ionization of the glycosides, and the strong affinity of

sugars for sodium ions, the [MþNa]þ ions were dominant in

the positive mass spectra of all pregnane glycosides and are

discussed here with respect to their full-scan MS and MSn

data. Structures were characterized based on the fragmenta-

tion reactions of the [MþNa]þ ions and are presented in the

following sections. Because of the instability of the sugar

chain, all of the fragment ions were obtained from the

precursor ion [MþNa]þ in MS2; no product ions were

observed in the MS3 spectrum.

Structural characterization of Pg-1 and Pg-2
As shown in Fig. 2(a), Pg-2 generated a molecular ion peak

with great intensity atm/z 1413.7078 for [MþNa]þ in positive

ion mode, which corresponded to the molecular formula

of C68H110O29. As can be seen from the MS2 spectrum in

Fig. 2(b), the precursor [MþNa]þ ion produced abundant

fragment ions, and the precursor ions [MþNa]þ were not

observed in its MS/MS spectrum, which might result from

extensive fragmentation of the precursor ion. One charac-

teristic product ion [MþNa-ikem]þ at m/z 1285.6260 was

formed by a diagnostic loss of 128 Da corresponding to the

neutral elimination of onemolecule of ikemamic acid at C-12.

The first Y series of product ions were characterized by the

involution of the aglycone moiety. Y5 at m/z 1123.5628, Y4 at

961.5152 and Y3 at 817.4336 were produced by successive

losses of the terminal glucopyranose unit (162 Da), the

intermediate glucopyranose unit and the subsequent cymar-

opyranose unit (144 Da) from [MþNa-ikem]þ, respectively.
The second series were characterized by sugar-chain

fragment ions, providing valuable information for sugar

compositions and their linkage sequences. The pentasac-

charide ion C6-B1 at m/z 779.3250 was formed by cleavage of

the aglycone with retention of the glycosidic oxygen atom

and additional loss of the terminal glucopyranose unit. Loss

of the reducing end cymaropyranose residue (144 Da) from

the C6-B1 ion produced a high abundance tetrasaccharide

ion C5-B1 at m/z 635.2537, and consecutive loss of one

diginopyranose residue (144 Da) from C5-B1 generated a
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trisaccharide ion C4-B1 at m/z 491.2055. The fragment ions at

m/z 617.2404 and 473.1985 were assigned as B5-B1 and B4-B1

also by glycosidic bond cleavage but without the glycosidic

oxygen atom compared with 635.2537 and 491.2055. The

fragment ion B5-B2 at m/z 455.2232 was produced by the loss

of another glucopyranose unit (162 Da) from B5-B1. Besides,

cross-ring cleavage ions of 2,4A5-B1 atm/z 549.2130 and 0,1A5-

B1 at m/z 605.2424 were produced from 2,4- and 0,1-bond

cleavages of the diginopyranose unit. The MS2 data of the

[MþNa]þ ion of Pg-2 as well as corresponding elemental

compositions and ppm errors are listed in Table 1. Accurate

mass measurements within 6ppm error were achieved for

the molecular ion and subsequent fragment ions. The

fragmentation pathways are proposed in Scheme 1.

Pg-1, a novel compound isolated from C. auriculatum by

the authors,24 produced a molecular ion peak at m/z

1433.6759 for [MþNa]þ corresponding to the molecular

formula of C70H106O29. The MS2 spectral data from the

precursor [MþNa]þ ion are also summarized in Table 1. As

seen from Table 1, Pg-1 generated the same fragment ions as

those of Pg-2, demonstrating Pg-1 has the same skeleton and

oligosaccharide chain as Pg-2. The only differences between

Pg-1 and Pg-2 in mass spectra were that the characteristic

product ion at m/z 1285.6196 was formed by a loss of 148 Da

corresponding to the diagnostic neutral loss of one molecule

of cinnamic acid, rather than 128 Da representing the loss of

one molecule of ikemamic acid from the precursor ion.

Structural characterization of Pg-3 and Pg-4
Pg-3 and Pg-4 yielded intensive molecular ion peaks at m/z

1271.6240 and 1251.6507 for [MþNa]þ, which corresponded

to the molecular formulas of C64H96O24 and C62H100O24 with

errors of 4.40 and 0.80 ppm, respectively. Table 2 shows the

accurate mass measurements of major fragment ions

observed in MS2 spectra of [MþNa]þ precursor ions for

Pg-3 and Pg-4. Pg-3 and Pg-4 generated the same fragment

ions, indicating that they have similar skeletons and

oligosaccharide chains. The characteristic product ion at

m/z 1123.57 was formed by the neutral loss of cinnamic acid

(148 Da) from the precursor ion 1271.6240 for Pg-3, while the

neutral loss of ikemamic acid (128 Da) from 1251.6507 was

Figure 2. Positive ion ESI-MS spectrum (a) and MS2 spectrum (b) of [MþNa]þ for Pg-2.
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Table 1. Accurate mass measurements of major fragment ions observed in MS2 spectra of [MþNa]þ precursor ions for Pg-1 and

Pg-2

Pg-1 Pg-2

Fragments Elem. comp. Measured m/z Calculated m/z Error (ppm) Elem. comp. Measured m/z Calculated m/z Error (ppm)

[MþNa]þ C70H106O29Naþ 1433.6759 1433.6712 3.28 C68H110O29Naþ 1413.7078 1413.7025 3.75
[MþNa-ikem]þ — — — — C61H98O27Naþ 1285.6260 1285.6188 5.60
[MþNa-cin]þ C61H98O27Naþ 1285.6196 1285.6188 0.62 — — — —
Y5 C55H88O22Naþ 1123.5659 1123.5659 0.00 C55H88O22Naþ 1123.5628 1123.5659 �3.42
Y4 C49H78O17Naþ 961.5115 961.5131 �1.90 C49H78O17Naþ 961.5152 961.5131 2.28
Y3 C42H66O14Naþ 817.4340 817.4345 �0.61 C42H66O14Naþ 817.4336 817.4345 �1.40
C6-B1 C33H56O19Naþ 779.3317 779.3308 1.15 C33H56O19Naþ 779.3250 779.3308 �5.13
C5-B1 C26H44O16Naþ 635.2501 635.2522 �3.31 C26H44O16Naþ 635.2537 635.2522 2.36
C4-B1 C20H36O12Naþ 491.2071 491.2099 �3.94 C20H36O12Naþ 491.2055 491.2099 �4.80
B5-B1 C26H42O15Naþ 617.2439 617.2416 3.62 C26H42O15Naþ 617.2404 617.2416 �2.07
B4-B1 C20H34O11Naþ 473.1969 473.1993 �4.07 C20H34O11Naþ 473.1985 473.1993 �1.69
B5-B2 C21H36O9Naþ 455.2140 455.2252 �1.46 C21H36O9Naþ 455.2232 455.2252 �2.16
0,1A5-B1 C25H42O15Naþ 605.2412 605.2416 �0.49 C25H42O15Naþ 605.2424 605.2416 1.32
2,4A5-B1 C22H38O14Naþ 549.2177 549.2154 3.60 C22H38O14Naþ 549.2130 549.2154 �2.60

Scheme 1. Fragmentation pathway proposed for [MþNa]þ ions of Pg-2.
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observed for Pg-4, which demonstrated that Pg-3 has a

kidjoranin skeleton while Pg-4 has a caudatin skeleton.

TheY4 ionatm/z961.51andtheY3 ionat817.43forPg-3orPg-

4 were produced by loss of the terminal glucopyranose unit

(162Da), and successive loss of the subsequent glucopyranose

unit and the subsequent cymaropyranose unit (144 Da) from

[MþNa-ikem/cin]þ. The B4 ion at m/z 617.24 was formed by

losses of the aglycone and the reducing end cymaropyranose

unit, while the B3 ion at m/z 473.20 was generated through

consecutive loss of thediginopyranoseunit (144Da) fromB4. It

canbeseen fromTables1and2 that themolecularweightofPg-

3 (or Pg-4) is 162 Da less than that of Pg-1 (or Pg-2),

correspondingtooneglucopyranoseunit, andtheproduct ions

of Pg-3 (or Pg-4) at m/z 961.51, 817.44, 617.24 and 473.20 were

identical to the Y4, Y3, B5-B1 and B4-B1 ions of Pg-1 (or Pg-2),

indicating they have similar sugar compositions and linkage

sequences to someextent except for the absence of the terminal

glucopyranose unit for Pg-3 and Pg-4.

Structural characterization of Pg-5 and Pg-6
As shown in Fig. 3(a), Pg-5 produced a high abundance

[MþNa]þ ion at m/z 1531.7473 corresponding to the

Table 2. Accurate mass measurements of major fragment ions observed in MS2 spectra of [MþNa]þ precursor ions for Pg-3 and

Pg-4

Pg-3 Pg-4

Fragments Elem. comp. Measured m/z Calculated m/z Error (ppm) Elem. comp. Measured m/z Calculated m/z Error (ppm)

[MþNa]þ C64H96O24Naþ 1271.6240 1271.6184 4.40 C62H100O24Naþ 1251.6507 1251.6497 0.80
[MþNa-ikem]þ — — — — C55H88O22Naþ 1123.5670 1123.5659 1.00
[MþNa-cin]þ C55H88O22Naþ 1123.5697 1123.5659 3.46 — — — —
Y4 C49H78O17Naþ 961.5140 961.5131 0.94 C49H78O17Naþ 961.5169 961.5131 3.95
Y3 C42H66O14Naþ 817.4375 817.4345 3.67 C42H66O14Naþ 817.4389 817.4345 5.38
B4 C26H42O15Naþ 617.2449 617.2416 3.78 C26H42O15Naþ 617.2413 617.2416 �0.46
B3 C20H34O11Naþ 473.1995 473.1993 0.42 C20H34O11Naþ 473.2010 473.1993 3.59

Figure 3. Positive ion ESI-MS spectrum (a) and MS2 spectrum (b) of [MþNa]þ for Pg-5. ‘O’ refers to the

[MþNa-cin]þ ion.
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elemental composition of C76H116O30Naþ with an error of

2.28 ppm. In theMS2 spectrum of the precursor [MþNa]þ ion
shown in Fig. 3(b), diagnostic neutral loss of one cinnamic

acid molecule (148 Da) from the [MþNa]þ ion yielded a

characteristic fragment ion [MþNa-cin]þ at m/z 1383.6976.

The Y series of ions included Y6, Y5, Y4, Y3 and Y2 ions at m/z

1221.6520, 1077.5660, 933.4818, 789.4032 and 659.3424 by

successive losses of the terminal glucopyranose residue (162

Da), the subsequent cymaropyranose residue (144 Da), the

consecutive cymaropyranose residue (144 Da), the next

cymaropyranose residue (144 Da) and the digitoxopyranose

residue (130 Da) from [MþNa-cin]þ. The successive losses of
one reducing end digitoxopyranose moiety (130 Da), one

internal cymaropyranose moiety (144 Da), one intermediate

digitoxopyranose (130 Da) unit and the following cymar-

opyranose moiety from the whole sugar chain generated

predominant B6, B5, B4 and B3 ions, located at m/z 891.3815,

747.3019, 617.2436 and 473.1986, respectively. The

fragments B6-B1 at m/z 729.3329 and B5-B1 at m/z 585.2541

were formed by further elimination of the terminal

glucopyranose unit from the B6 and B5 ions, respectively.

The B5-B2 ion at m/z 441.1704 was produced by additional

loss of an additional cymaropyranose unit from B5-B1. The

characteristic presence of the cross-ring cleavage ion 2,4A7 at

m/z 951.4056 was produced from 2,4-bond cleavage of the

reducing terminal digitoxopyranose residue. TheMS2 data of

the [MþNa]þ ion of Pg-2 as well as corresponding elemental

compositions and ppm errors are listed in Table 3. Accurate

mass measurements within 6ppm error were achieved for

the molecular ion and subsequent fragment ions. The

fragmentation pathways are proposed in Scheme 2(a).

The accurate mass value of the [MþNa]þ ion correspond-

ing to Pg-6 was 1545.7661 consistent with an elemental

composition of C77H118O30Naþ with an error of 3.88 ppm.

TheMS2 spectral data from the precursor ion of 1545.7661 are

also summarized in Table 3. The [MþNa-cin]þ ion at m/z

1397.7158 was found in its MS2 spectrum by the neutral loss

of one cinnamic acid molecule (148 Da). Most of the Y, B and

A series of fragment ions of Pg-6were 14 Da larger than those

of Pg-5, predicting that the glycosyl moiety of Pg-6 had one

more CH2 group. The same fragment ions, Y2 at m/z

659.34, B4 at m/z 617.24 and B3 at m/z 473.20, indicated that

the third monosaccharide unit for Pg-6 was different from

Pg-5. The mass difference between fragment ions B5 and B4

was 144 Da, which indicated the third monosaccharide unit

for Pg-6 was a cymaropyranose unit instead of a digitox-

opyranose unit for Pg-5. The ions 2,4A7 at m/z 965.4232, 3,5A5

atm/z 675.2820 and 3,5A4 atm/z 531.2021 were produced from

2,4-bond cleavages of the reducing end digitoxopyranose,

3,5-bond cleavages of the third and the fourth cymaropyr-

anose. The fragmentation pathways are proposed in

Scheme 2(b).

Structural characterization of Pg-7, 8, 9 and 10
Pg-7, 8, 9 and 10 produced abundant [MþNa]þ peaks at m/z

657.3633, 1109.5687, 945.5227 and 1089.6016, corresponding to

the formulas C35H54O10Naþ, C58H86O19Naþ, C49H78O16Naþ

and C56H90O19Naþ, respectively, with ppm errors less than 5.

Table 4 shows the accurate mass measurements of major

fragment ions observed inMS2 spectra of [MþNa]þ precursor
ions for these four compounds. Pg-7, 9 and 10 could be rapidly

assigned as the caudatin skeleton type characterized by the

neutral lossofoneikemamicacidmolecule (128Da),whilePg-8

belonged to the kidjoranin skeleton type characterized by the

neutral loss of one cinnamic acid molecule (148 Da). The MS2

spectrumofPg-7didnotproduceotherproduct ionsexcept for

a high abundance [MþNa-ikem]þ peak. For Pg-9, successive

lossesof theterminalcymaropyranoseresidue(144Da)andthe

subsequent digitoxopyranose residue (130 Da) from the

[MþNa-ikem]þ ion produced the product ions Y2 at m/z

673.3558 and Y1 at 529.2749. The whole sugar-chain fragment

ionB3 atm/z 455.2232wasobserved andproducedby cleavage

of the glycosidic bond between the aglycone and the reducing

end of the sugar chain. Successive loss of the following

Table 3. Accurate mass measurements of major fragment ions observed in MS2 spectra of [MþNa]þ precursor ions for Pg-5 and

Pg-6

Pg-5 Pg-6

Fragments Elem. comp. Measured m/z Calculated m/z Error (ppm) Elem. comp. Measured m/z Calculated m/z Error (ppm)

[MþNa]þ C76H116O30Naþ 1531.7479 1531.7444 2.28 C77H118O30Naþ 1545.7661 1545.7600 3.88
[MþNa-cin]þ C67H108O28Naþ 1383.6976 1383.6919 4.12 C68H110O28Naþ 1397.7158 1397.7076 5.87
Y6 C61H98O23Naþ 1221.6520 1221.6568 �3.20 C62H100O23Naþ 1235.6494 1235.6548 �4.37
Y5 C54H86O20Naþ 1077.5660 1077.5605 5.10 C55H88O20Naþ 1091.5791 1097.5761 2.75
Y4 C47H74O17Naþ 933.4818 933.4818 0.00 C48H76O17Naþ 947.4979 947.4975 0.42
Y3 C40H62O14Naþ 789.4032 789.4032 0.00 C41H64O14Naþ 803.4199 803.4188 1.37
Y2 C34H52O11Naþ 659.3424 659.3402 2.63 C34H52O11Naþ 659.3368 659.3402 �5.16
B6 C39H64O21Naþ 891.3815 891.3832 �1.90 C40H66O21Naþ 905.3977 905.3989 �1.25
B5 C32H52O18Naþ 747.3019 747.3046 �3.60 C33H54O18Naþ 761.3203 761.3202 0.12
B4 C26H42O15Naþ 617.2436 617.2416 3.24 C26H42O15Naþ 617.2400 617.2416 �2.58
B3 C20H34O11Naþ 473.1986 473.1993 �1.48 C20H34O11Naþ 473.2003 473.1993 2.11
B6-B1 C33H54O16Naþ 729.3329 729.3304 3.43 — — — —
B5-B1 C26H42O13Naþ 585.2541 585.2518 3.93 C27H44O13Naþ 599.2652 599.2674 �3.67
B5-B2 C19H30O10Naþ 441.1704 441.1731 �5.69 C20H32O10Naþ 455.1866 455.1888 �4.84
2,4A7 C41H68O23Naþ 951.4056 951.4044 1.26 C42H70O23Naþ 965.4232 965.4200 3.31
3,5A5 — — — — C29H48O16Naþ 675.2820 675.2835 �2.22
3,5A4 — — — — C22H36O13Naþ 531.2021 531.2048 �5.07
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reducingendcymaropyranoseunit (144Da)generatedaB3 ion

at m/z 311.1419.

Pg-8 and 10 generated similar sugar fragment ions,

indicating that they have the same similar oligosaccharide

chain. Successive losses of the terminal cymaropyranose

residue (144 Da) and cymaropyranose residue (144 Da) from

the [MþNa-ikem/cin]þ ion formed the product ions Y3 atm/z

817.4359 and Y2 at 673.3570. The B3 ion at m/z 455.2239 and

the B2 ion at 311.1449 were also observed for Pg-8 and 10,

which were identical to those of Pg-9, demonstrating the

same composition and sequence of the three terminal sugar

units of Pg-8, 9 and 10.

Scheme 2. Fragmentation pathways proposed for [MþNa]þ ions of Pg-5 (a) and Pg-6 (b).
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Separation and identification of the pregnane
glycosides in the roots of C. auriculatum
Optimal chromatographic conditions were obtained after

running different mobile phases with a reversed-phase C18

column and with different fragmentation voltages. The best

results were observed with the Zorbax RX-C18 column using

a gradient elution program of acetonitrile/water. The

representative UV chromatogram at 220 nm and total ion

chromatogram (TIC) of the purified ethanolic extract of

C. auriculatum roots are shown in Figs. 4(a) and 4(b),

respectively. A total of ten major peaks were observed in

Fig. 4 with retention times at 9.8, 12.2, 12.8, 17.5, 20.6, 22.1,

24.8, 27.9, 29.3 and 30.9min, corresponding to Pg-1 to Pg-10.

They were achieved by base-line separation within an

acceptable 35min. Mass measurement accuracy for molecu-

lar ions and subsequent product ion spectra, along with

characteristic retention times, provided highly reliable

identification for the target markers. Pg-1, 2, 3, 4, 5, 6, 7, 8,

9 and 10 were unequivocally identified as auriculoside IV,

cynauricuoside C, cynauricuoside A, wilfoside C1G, cyna-

Table 4. Accurate mass measurements of major fragment ions observed in MS2 spectra of [MþNa]þ precursor ions for Pg-7, 8, 9,

and 10

Pg-7 Pg-9

Fragments Elem. comp. Measured m/z Calculated m/z Error (ppm) Elem. comp. Measured m/z Calculated m/z Error (ppm)

[MþNa]þ C35H54O10Naþ 657.3633 657.3621 1.82 C49H78O16Naþ 945.5227 945.5182 4.76
[M þNa-ikem]þ C28H42O8Naþ 529.2778 529.2772 1.13 C42H66O14Naþ 817.4351 817.4345 0.73
Y2 — — — — C35H54O11Naþ 673.3558 673.3558 �0.00
Y1 — — — — C28H42O8Naþ 529.2749 529.2772 �4.13
B3 — — — — C21H36O9Naþ 455.2232 455.2252 �3.98
B2 — — — — C14H24O6Naþ 311.1449 311.1465 �4.14

Pg-8 Pg-10

Fragments Elem. comp. Measured m/z Calculated m/z Error (ppm) Elem. comp. Measured m/z Calculated m/z Error (ppm)

[MþNa]þ C58H86O19Naþ 1109.5687 1109.5656 2.79 C56H90O19Naþ 1089.6016 1089.5992 2.11
[MþNa-ikem]þ — — — — C49H78O17Naþ 961.5103 961.5131 �2.91
[MþNa-cin]þ C49H78O17Naþ 961.5152 961.5131 2.18 — — — —
Y3 C42H66O14Naþ 817.4359 817.4345 1.71 C42H66O14Naþ 817.4334 817.4345 �1.35
Y2 C35H54O11Naþ 673.3570 673.3558 1.78 C35H54O11Naþ 673.3549 673.3558 �1.34
B3 C21H36O9Naþ 455.2239 455.2252 �2.86 C21H36O9Naþ 455.2230 455.2252 �4.83
B2 C14H24O6Naþ 311.1449 311.1465 �2.96 C14H24O6Naþ 311.1449 311.1465 �2.96

Figure 4. HPLC-UV chromatogram at 220 nm (a) and total ion chromatogram (b) of a purified

ethanolic extract of C. auriculatum.
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nauriculoside I, cynanauriculoside II, caudatin3-O-b-cym,

wilfoside K1N, wilfoside C3N and wilfoside C1N, respect-

ively, by comparison with reference compounds.

CONCLUSIONS

Ten pregnane glycosides from the roots of C. auriculatum

have been firstly studied and characterized by ESI-IT-

TOFMS. This approach was recommended to obtain the high

mass accuracy measurement and best mass spectrometric

structural information for these compounds, indicating that

LC/ESI-IT-TOF/MSn is a powerful analytical tool for the

rapid characterization of pregnane glycosides. Our present

investigation confirmed that MS/MS fragmentation path-

ways of the [MþNa]þ ion provided valuable structural

information about the glycosyl and aglycone moieties,

opening perspectives for similar studies on other com-

pounds. The pregnane glycosides in C. auriculatum could be

divided into two major core groups, one with a caudatin

skeleton characterized by loss of 128 Da corresponding to

cinnamic acid at C-12, and the other with a kidjoranin

skeleton characterized by loss of 148 Da representing

ikemamic acid at C-12. A series of sugar-chain fragment

ions such as the Y, B and A series provided valuable

information for confirmation of the types of sugar compo-

sitions and the sequences of the sugar chain. Diagnostic ions

and fragmentation pathways for pregnane glycosides

proposed are useful for the identification of these com-

pounds in natural products especially when reference

compounds are lacking.
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