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ABSTRACT

Ceramides and cerebrosides are key compounds in the metabolism of sphingolipids. Produced in response
to a variety of apoptotic stimuli, these metabolites mediate either mitogenic or apoptotic responses,
depending on cell type and nature of stimulus. Novel strategies using these selective targets for a ther-
apeutic intervention, e.g. in cancer, cardiovascular and neurodegenerative diseases, and HIV, have been
developed, along with anticancer approaches using controlled delivery of exogenous natural ceramides
from ceramide-based liposomes. Thus, great is the need to find selective and sensitive analytical methods
allowing a prompt detection of ceramides and cerebrosides in natural matrices. Here we report an ana-
lytical study carried out on the Amazonian plant Dracontium loretense, resulted in a preliminary analysis
a rich source of this class of natural compounds. A handy, selective, and sensitive methodology based
on high-performance liquid chromatography coupled to electrospray negative ionization multistage ion
trap mass spectrometry (HPLC-ESI/ITMS") was developed. Analysis of fingerprint multistage mass spectra
allowed the rapid identification of 3 major long-chain bases and their exact pairing with 11 different fatty
acids and with carbohydrate headgroups. Thus, the structures of 21 ceramide and cerebroside species,
among which 7 molecules never reported before, were unambiguously assigned. Results obtained in this
study demonstrated that this analytical approach could provide a reliable and sensitive method to obtain

the qualitative on-line profiling of ceramides and cerebrosides in new medicinal plant matrices.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Ceramides and cerebrosides (glycosphingolipids consisting of
a ceramide with a single sugar residue, usually glucose or galac-
tose, at C-1) are lipid molecules with a sphingoid base backbone,
and represent key compounds in the metabolism of sphingolipids
[1]. Produced in response to a variety of apoptotic stimuli, these
metabolites mediate either mitogenic or apoptotic responses,
depending on cell type and the nature of the stimulus [2]. In partic-
ular, ceramides are receiving much attention as important second
messengers for various cellular processes, including apoptosis, pro-
liferation, migration and senescence [3]. Moreover, cerebrosides,
metabolic intermediates in the anabolic and catabolic pathways of
complex glycosphingolipids, are standing out for their cytotoxic,
anti-HIV-1, neuritogenic, hepatoprotective, and immunostimula-
tory activities [4-6]. Furthermore, [(3-glucosylceramide isolated
from malt feed has shown to inhibit the growth of cancer cells,
to decrease the tumor metastasis of lymphoma cells, and to induce
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antitumor immunity via activation of natural killer T (NKT) cells
in vivo [3,7]. Accordingly, results of recent studies have suggested
that B-structured glycosphingolipids are potent NKT cell ligands
[4]. Besides, 3-glycosphingolipids have been reported to show ben-
eficial effects in NKT cell-dependent immune-mediated metabolic
and malignant animal models in vivo [3,4]. Thereby, novel strate-
gies using these selective targets for a therapeutic intervention,
e.g. in cancer, cardiovascular and neurodegenerative diseases, and
HIV, have been adopted. Furthermore, anticancer approaches using
exogenous application of short-chain ceramides, or controlled
delivery of exogenous natural ceramides from ceramide-based
liposomes, have been explored, showing an antitumor activity
in vivo [2,8-10]. Analogously, delivery of ceramide and gluco-
sylceramide sphingolipids from dietary sources has been applied
as strategy to accumulate naturally-occurring long acyl chain
ceramides in tumor cells, suggesting these compounds like func-
tional food components having chemopreventive effects [7,8,11].
Thereby the interest in developing prompt, selective and sensitive
analytical methods to detect bioactive ceramides and cerebrosides
in natural matrices as new sources of supply is increasing.

In our continuing research for bioactive secondary metabo-
lites, we have previously carried out the phytochemical study of
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Dracontium loretense Engl. (Araceae), for which there was no phy-
tochemical investigation, despite its biological activities and its
large worldwide marketing [12]. In particular, the infusion obtained
from D. loretense (trivial name “jergdn sacha”) together with extract
or infusion from Uncaria tomentosa is traditionally used by AIDS
patients to reinforce immune system [13]. In agreement with the
described property to enhance the immune function, a recent phar-
macological study on different South American herbal extracts
reports the ability of the ethanol extract of D. loretense to reduce the
aggravation of clinical symptoms in a mouse model of experimen-
tal autoimmune encephalomyelitis (EAE) by inhibition of T helper 1
cells [14]. Interestingly a preliminary analysis by ESI-ITMS" direct
injection of the butanol extract of D. loretense corms highlighted
the presence, as main constituents, of ceramides and cerebrosides.
Since there is a limited number of studies concerning the struc-
tural analysis of glucocerebrosides and ceramides from medicinal
and food plants, we decided to perform an investigation on this
natural matrix with the aim to obtain a qualitative profiling of
these metabolites, developing a general, selective and sensitive
analytical method to structurally analyze ceramide and cerebroside
compounds in complex plant mixtures.

The isolation and identification of plant ceramides and cere-
brosides by conventional procedure are generally tedious and
time-consuming, frequently due to their low contents in these
matrices [1,15-17]. Besides, the structural variability of sphin-
golipid classes poses special problems for their analysis, above all
the impossibility to use ultraviolet detection for analytical purpose,
due to the lack of a chromophore [17]. In most cases, sphingolipid
molecules have been mainly analyzed by TLC, HPLC, GC, MS or
GC-MS following acid or alkaline hydrolysis of the extracts and
derivatization, losing structural information by hydrolysis of the
linkage positions [17-19]. Considering that the biological activ-
ity varies with the structure, information about intact molecular
species is very important.

A powerful tool for structural elucidation and analysis of
complex intact sphingolipids is the on-line combination of high-
performance liquid chromatography with mass spectrometry,
which provides structure specific data for the characterization of
known or unknown molecular species. Liquid chromatography
allows complex mixtures of sphingolipids from crude extracts to
be trapped, focused, and selectively eluted prior to introduction
into the mass spectrometer. Tandem mass spectrometry uniquely
identifies various types of sphingolipids by characteristic frag-
mentations of either head group, or fatty acid, or sphingoid base.
Thereby, coupling the sensitivity and specificity of the mass spec-
trometer to the equally powerful and effective analytical technique
of HPLC increases the resolving power of the analysis and provides
rapid, robust, sensitive, and highly specific levels of analyte identifi-
cation. Nevertheless, while the emerging field of sphingolipidomics
has received much attention in animal biology, it remains neglected
in plants [20]. In fact, in the last years only few reports describ-
ing the investigation of sphingolipids in plants by HPLC-MS were
published [17,21-23]. With the exception of one report describ-
ing an HPLC-ESIMSMS method operating in both ionization ion
mode on a QTrap instrument, most of them made use of HPLC-MS
methods based on positive ionization ion mode by APCI or particle
beam sources on single quadrupole instruments operating in chem-
ical ionization mode using in source collision-induced dissociation
(CID), or by TurbolonSpray on QTrap mass spectrometer operat-
ing in MSMS scan mode. In any case, these HPLC-MS methods,
yielding poor ceramide fragmentation data, did not provide a large
and complete sphingolipid structural information to promptly and
unambiguously assign the ceramide long chain base and acyl-
chain moieties. Thereby, since up to now no systematic study
via high-performance liquid chromatography coupled to electro-
spray negative ionization multistage ion trap mass spectrometry

(HPLC-ESI/ITMS") for a complete characterization of ceramides and
cerebrosides from plant matrices has been reported, the present
study has been aimed to develop a prompt, selective, and sensitive
analytical method based on HPLC-ESI/ITMS™ to obtain the qualita-
tive on-line profiling of D. loretense corms relative to this class of
compounds. The fragmentation mechanisms of two representative
sphingolipids were investigated in detail using ESI negative ion-
ization multistage mass spectrometry equipped with an ion trap
instrument. On the basis of the obtained structural information,
a rapid, simultaneous and unambiguous structure identification
of the individual constituents occurring in the D. loretense corms,
including 7 compounds never reported before, was obtained by the
analysis of the relative fingerprint multistage mass spectra, giving
information about the long-chain sphingoid base as well as the fatty
acid moiety.

2. Experimental
2.1. Chemicals and reagents

HPLC-grade acetonitrile (ACN) was purchased from Merck
(Darmstadt, Germany). Dracontioside A and B (5, 14) were isolated
from the corms of D. loretense. Their structures were fully identi-
fied by NMR and MS spectroscopy. Deionized water purified by a
Millipore Milli-Q system (Bedford, MA, USA) was used throughout
the experiment. Other solvents were of analytical grade.

2.2. General experimental procedures

TH and '3C NMR spectra were recorded on a Bruker DRX-
600 spectrometer equipped with a Bruker 5mm TCI cryoprobe;
chemical shifts were referenced to the residual solvent signal
(methanol-dy, 8 =3.34, 8c=49.0). The 'H, gCOSY, gHSQC, and
gHMBC NMR experiments were run under standard conditions at
300K. ESIMS and ESIMS™ analyses of standard cerebrosides were
performed on an LCQ Deca ion trap mass spectrometer (Ther-
moFinnigan, San Jose, CA, USA). To optimize the mass spectrometric
parameters, each standard dissolved in CH3OH (10 pg ml~1) was
infused in the ESI source by a syringe pump (flow rate 5 pl/min)
and analyzed in negative ion mode. The optimized parameters
were: capillary voltage —41V, spray voltage 5kV, tube lens off-
set 35V, capillary temperature 280°C, and sheath gas (nitrogen)
flow rate 40 (arbitrary units). To optimize the ESIMS" conditions,
the collision energy percentage was increased up to 40 to produce
a whole fragmentation pattern showing an array of all possible
fragments. Butanol extract and enriched ceramide and cerebroside
samples were analyzed by on-line HPLC-ESI/ITMS" using a Ther-
moFinnigan Spectra System HPLC (ThermoFinnigan, San Jose, CA,
USA) coupled with the mass spectrometer. HPLC separation was
conducted on a RP C4 column (3.5 wm, 2.1 mm x 150 mm; Sym-
metry 300 C4; Waters, Milford, MA) at a flow rate of 0.2 ml/min.
A gradient elution was performed by using H,0 (A) and CH3CN
(B), both added of 0.1% acetic acid, as mobile phases, and following
gradient steps: from 40% B to 50% B in 5 min; to 77% B in 27 min;
hold to 77% B for 13 min; 70 100% B in 5 min. The column effluent
was analyzed by ESIMS and ESIMS" in negative ion mode accord-
ing to the optimized parameters indicated for the direct injection
with the auxiliary gas (nitrogen) supplied at a flow rate of 10
(arbitrary units). Data were acquired in MS! and MS" scanning
modes and processed using the software provided by the manu-
facturer. Column chromatography was performed over Sephadex
LH-20 (Pharmacia). HPLC separations were carried out on a Waters
System, equipped with a refractive index detector, a p-bondapack
Cyg column (300 mm x 7.6 mm i.d., 10 wm), and a Rheodyne injec-
tor. TLC was performed on silica gel F254 (Merck) plates.
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Fig. 1. (a)Full negative ESIMS spectrum of dracontioside A; (b) negative ESIMS? spectrum of [M—H]~ precursor ion; (c) negative ESIMS? spectrum of [M—H-162]~ production.

2.3. Plant material

D. loretense corms were collected in Iquitos, Peru, in May 2005.
The plant material was identified by the biologist Elsa Rengifo
(Instituto de Investigaciones de la Amazonia Peruana - IIAP). A
voucher specimen has been deposited in the Herbarium of the
Department of Pharmacognosy, Faculty of Pharmacy, Universidad
Nacional Mayor de San Marcos, Lima, Peru.

2.4. Sample preparation procedures

Dried and powdered corms (800 g) of D. loretense were extracted
for a week, three times, at room temperature using solvents of
increasing polarity, namely, petroleum ether 1.5 1, chloroform 1.51,
and methanol 1.51. The extractive solutions were evaporated to
dryness in vacuo to give 0.4g, 1.3g, and 57.6¢g of crude extract,
respectively. The methanol extract was partitioned between water
and butanol (1:1), yielding 6.3 g of butanol extract. 3 g of this extract
were fractionated on a Sephadex LH-20 column (100 cm x 5cm)
using methanol as mobile phase, obtaining an enriched ceramide
and cerebroside sample (fractions 12-15, 0.8 g), as confirmed by
ESIMS" analyses. The purification of this sample by isocratic HPLC
using CH30H/H,0 (93:7, v/v) as eluents (flow rate of 2 ml/min)
yielded dracontioside A (4.3 mg, tg =15 min) and dracontioside B
(1.6 mg, tg =38 min).

3. Results and discussion

3.1. Fragmentation behaviour of dracontioside A and B used as
standard compounds

Structure variability of plant sphingolipids principally consists
in the different nature of sphingolipid base, fatty acid unit, and

sugar moiety which make up these metabolites. Sphinganine,
4-hydroxysphinganine, cis and trans isomers of 8-sphingenine,
4,8-sphingadienine, and 4-hydroxy-8-sphingenine, all sharing a
2-amino-1,3-dihydroxy octadecane core structure, are the most
representative plant long-chain bases [24]. Plant fatty acids are pre-
dominantly a-hydroxylated and usually have alength from 16 to 26
carbon atoms. They are amide-linked to the sphingoid base of com-
plex plant ceramides and glucocerebrosides, and may be saturated
or unsaturated long-chain odd- and even-numbered. Finally, cere-
broside compounds exhibit an hexose, or another carbohydrate, as
polar headgroup bound to a ceramide by a glycosidic linkage in
position 1.

Therefore, in order to structurally define ceramides and cerebro-
sides occurring in D. loretense corms, a fractionation procedure of
the butanol extract was applied yielding a sample enriched in target
molecules, from which two standard substances, named dracontio-
side A and B, were obtained. The fragmentation patterns of the two
standards, each belonging to classes of sphingolipids differing for
sphingolipid base and fatty acid nature (Figs. 1 and 2), were studied.

To obtain best sensitivity optimizing the mass spectromet-
ric parameters, each compound was infused into the ESI source
and analyzed on an ion trap instrument in negative ionization
mode. In this conditions, cerebroside compounds mainly yielded
[M—H]~ ions, together with three further signals of lower intensity,
[(M—H)+CH3COOH]~, [(M—H)+HCOOH]~, and [(M—H)+CF3COOH]|~
ions, due to the formation of adducts with acetic, formic and
trifluoroacetic acids, respectively, with the latest two being con-
taminations from previous experiments. These acid adducts,
disappearing in different tune conditions, were useful diagnostic
ions as sphingolipid selective markers.

Negative ESIMS" product ion spectra recorded for each standard
provided an optimum of structural information about the fatty acid
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Fig. 2. (a) Full negative ESIMS spectrum of dracontioside B; (b) negative ESIMS? spectrum of [M—H]~ precursor ion; (c) negative ESIMS? spectrum of [M—H-162]~ product

ion.

as well as the long-chain base moiety, mainly yielding two groups
of product ions, those relative to the long-chain base, and those
referring to the acyl component. In this regard, the analysis of the
ESIMS? spectra acquired on dracontioside A and B [(M—162)—H]~
product ions showed the presence of peak ions originating by the
neutral loss of 279 or 297 amu, respectively, allowing to immedi-
ately discriminate about the presence of a cerebroside molecule
containing a 4,8-sphingadienine or a 4-hydroxy-8-sphingenine as
long-chain base, and to identify the product ion relative to the fatty
acid moiety (Fig. 3).

Analogous conclusions could be achieved checking, in the same
spectra, product ions originated from [(M—-162)—H]~ ions by the
cleavage between C2 and C3 or C3 and C4 carbon atoms on the
N-acylated-sphingoid base, and producing neutral losses of 2,6-
hexadecadienal (M.W. 236 amu), or 2-hydroxy-6-hexadecenal and
5-pentadecenal aldehyde (M.W. 254 and 224 amu), respectively
(Fig. 3). In addition to peak ions originated by described neutral
losses, ESIMS3 spectra showed characteristic fragment ions giv-
ing further information about the identity of the sphingoid chain.
Thereby, in agreement with the literature reports and with pre-
vious nomenclature proposed for detected fragment ions [25-28],
peakions corresponding to the P and Q product ions were detected
(Fig. 4). Moreover, as already specified, negative ESIMS? spectra
yielded also a set of product ions referring to the acyl component.
Fragment ions relative to fatty acid and V anions were particularly
evident, giving rapid information about the molecular weights of

the fatty acyl groups. Finally, complementary information on both
sphingoid chains and fatty acids was obtained by observing the
presence of U, T, S, X, and W product ions, corresponding to frag-
ment ions containing fatty acyl chain bounded to part of sphingoid
base (Figs. 1 and 2).

In detail, the full negative ESIMS spectrum of dracontioside A
showed a main [M—H]~ ion peak at m/z 740, together with the
minor [(M-H)+HCOOH]~ adduct ion at m/z 786 (Fig. 1). The colli-
sion induced dissociation (CID) of the negative [M—H]~ precursor
ion at m/z 740 yielded the [M—H-162]~ and [M—H-180]~ prod-
uct ions at m/z 578 and m/z 560, due to the neutral loss of an
hexose unit from the precursor ion and confirming the glycosy-
lated nature of dracontioside A (Fig. 4). Particularly informative
was the ESI-MS? spectrum of the product ion at m/z 578, show-
ing the characteristic neutral loss of 279 amu, along with P, S,
T, U, and W fragment ions, which allowed the determination of
the long-chain base as a 4,8-sphingadienine (Fig. 1). The presence
in ESI-MS2 and ESIMS? spectra of the fragment ion at m/z 299,
originated from the [M—H-162]~ ion by neutral loss of the 1-
dehydroxy-1,4,8-sphingetrienine (M.W. 279 amu), and due to the
acyl-chain anion, allowed to define the nature of the fatty acid
as a 2-hydroxy-octadecanoic acid. On the other hand, the ESIMS3
analysis of the fragment ion at m/z 299 highlighted the presence
of the product ion at m/z 253, originating by a neutral loss of
46Da and diagnostic for the typical dissociation pathway of an
a-hydroxy fatty acid in tandem mass spectrometric experiments
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[29]. Therefore, the analysis of acquired mass spectrometric data
permitted to identify dracontioside A as 1-O-glucopyranosyl-2-N-
2’-hydroxyhexadecanoyl-4,8-sphingadienine, a compound already
isolated from Arisaema amurense, a perennial herb belonging to
Araceae family [6,30].

o

The negative ESIMS" product ion spectra of dracontioside
B showed a similar fragmentation pattern as obtained for
dracontioside A, differing only for the presence, in ESI-MS3
spectrum of the [(M—-162)-H]~ product ion at m/z 680, of a
diagnostic product ion at m/z 383, due to the fatty acid anion,
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Fig. 4. Characteristic fragment ions originated from a cerebroside having a 4-hydroxy-8-sphingenine long-chain base.
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and generated by the neutral loss of 297 amu, corresponding
to 1-dehydroxy-4-hydroxy-1,8-sphingedienine (Fig. 2). The
presence of this product ion was at the same time indicative
both of a 4-hydroxy-8-sphingenine long-chain base and of a
2-hydroxy-tetracosanoic acid. Thereby, dracontioside B could be
assigned as a 1-0O-glucopyranosyl-2-N-2’'-hydroxytetracosanoyl-
4-hydroxy-8-sphingenine, previously isolated from
Euphorbia sororia [31].

3.2. Identification of ceramide and cerebroside compounds from
D. loretense

In order to study the general chromatographic behaviour and
to provide a simultaneous and unambiguous on-line structure
identification of ceramide and cerebroside compounds occur-
ring in D. loretense corms, the butanol extract was analyzed by
HPLC-ESI/ITMS", using the same conditions described for ESIMS"
analyses, aqueous acetonitrile with addition of 0.1% of acetic acid
as mobile phase, and reversed phase (RP) instead of normal phase
HPLC because of the better compatibility with ESIMS. To opti-
mize HPLC conditions, reducing strong adsorption to the RP C18
stationary phase and obtaining rapid and effective separation,
the application of a RP C4 column resulted to be advantageous
compared with RP C18. Using these conditions, the total ion cur-
rent (TIC) chromatogram recorded for the butanol extract allowed
to obtain a fair separation, ascertaining the major presence of
ceramide and cerebroside compounds, close to minor galactolipid
and phospholipid molecules (data not shown).

In order to improve the analysis conditions, the sample enriched
in target molecules, obtained from the butanol extract of D.
loretense corms, was analyzed by HPLC-ESI/ITMS, showing a
chromatographic profile characterized by the occurrence of 21
ceramides and cerebrosides (Fig. 5).

Based on the knowledge of the fragmentation of the two
standard substances, all 21 compounds were identified by
HPLC-ESI/ITMS" experiments (dracontioside A and B correspond-
ing to compounds 5 and 14, respectively), accomplished according

to the conditions applied to the analysis of standard substances
(Fig. 6). Thus, three main classes of ceramides and cerebrosides
were represented, each one consisting of: — an hexose moiety,
as carbohydrate headgroup in cerebroside species; - a saturated
fatty acid, having a length from 16 to 26 carbon atoms and an
hydroxy group in C2’/, with the exception of compound 2, made
up of an hexadecanoic acid; - a previously described sphingoid
base. Only compound 21 differed from the others for the occur-
rence of a 4-hydroxy-sphinganine long-chain base. In fact, the
ESIMS? spectrum of the [M—H]~ ion at m/z 682, along with
two product ions at m/z 456 and 426 amu, corresponding to the
neutral losses of a pentadecanal and a 2-hydroxy-hexadecanal
molecule, respectively, clearly highlighted a peak ion at m/z
383, ascribable to 2-hydroxytetracosanoic acid ion, and due
to the neutral loss of 299amu, ascribable to a 1-dehydroxy-
4-hydroxy-1-sphingenine unit. Accordingly, compound 21 was
identified as the known 2-N-2’-hydroxytetracosanoyl-4-hydroxy-
sphinganine ceramide, previously reported in Russula cyanoxantha
[32].

The fingerprint product ion spectra obtained for each chromato-
graphic peak observed in the TIC of D. loretense enriched sample
permitted to unambiguously ascertain the presence, along with
14 known compounds, of 7 compounds never reported before (4,
7,10, 11, 13, 15, 18) (Table 1). Noteworthy, product ion patterns
of 15 and 18 firstly appeared very similar, showing a lot of peak
ions with identical m/z values. However, the careful analysis of
their respective ESIMS" spectra allowed to ascertain that these
product ions were only relative to the fatty acid moiety, alone
or linked to a portion of sphingoid base (X, S, T, U, V ions), and
thereby compounds 15 and 18 possessed the same fatty acid. On
the contrary, the analysis of the product ions originating from the
sphingoid base moiety showed a clear difference in the sphingoid
skeleton of 15 and 18, the former being a 4,8-sphingadienine able
to form characteristic peak ions due to the neutral losses of 236
and 279amu, and the second being a 4-hydroxy-8-sphingenine,
giving rise to diagnostic [(M-254)-H] and [(M-297)-H]~
product ions.
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1. m=11,n=6,R=Clc, R'=0H [33]
4. m=12,n=6,R=Glc,R'=0OH
5: m=13,n=6,R=GClc, R'=0H [30]
7. m=14,n=6,R=GClc,R'=OH
8 m=15n=6,R=Clc, R'=0H [34]
10: m=16,n=6,R=Glc, R'=OH
11: m=13,n=6,R=H, R'=OH
12. m=17,n=6, R=GICR'=OH [35]
13: m=14,n=6,R=H, R'=OH
15 m=15n=6,R=H, R =OH
17 m=19,n=6,R=GClc, R'=0OH [36]
20: m=20,n=6,R=Glc, R'=0H [37]

R
0,
1" 3' m
NH OH
RO —
1 n
OH
2. m=11,n=6, R=GIc,R'=H [38]
3: m=13,n=6, R=Glc, R'=OH [39]
6: m=15n=6, R=Clc, R'=0H [39]
9: m=17,n=6, R=Glc, R'=0OH [40]
14: m=19,n=6, R=Glc, R'=0OH [31]
16: m=20,n=6, R=GIc, R'=0H [31]
18: m=15n=6, R=H, R'=0OH
19: m=21,n=6, R=Glc, R =0H [31]
R
0,
1 3 m
NH OH
RO
1 n
OH
21: m=19,n=6, R=H, R'=0OH [32]

Fig. 6. Ceramides and cerebrosides detected in HPLC-ESI/ITMS profile of D. loretense corms.

Table 1

ESIMS and ESIMS" product ions of new ceramides and cerebrosides occurring in D. loretense corms.

[M—H]~ ESIMS" product ions
4 726 708 [(M—H,0)-H]-, 564 [(M—162)—H]-, 546 [(M—180)—H]-, 534 [(M—162—30)—H]", 328 [(M—162-236)—H]|-, 327 (S),
311 (T), 285 [(M—162-279)—H], 284 (U), 267 (V)
7 754 736 [(M—H»0)-H]-, 592 [(M-162)—H]", 574 [(M—180)—H]", 368 (X), 354 (S), 338 (T), 313 [(M—-162-279)—~H]", 295 (V)
10 782 764 [(M—H,0)—H]|-, 620 [(M—162)—H]", 602 [(M—180)—H]-, 590 [(M—162—30)—H]-, 396 (X), 384 [(M—162-236)—H]",
382 (S), 366 (T), 341 [(M—162—-279)—H], 340 (U), 323 (V), 295 [(M—279—46)—H]"
11 578 560 [(M—H»0)—H]-, 548 [(M—30)—H]", 354 (X), 342 [(M—236)—H], 340 (S), 324 (T), 299 [(M—279)—H]", 298 (U), 281
(V), 253 [(M—279—-46)—H]", 235 (P)
13 592 574 [(M—H,0)—H]", 562 [(M—30)—H]", 368 (X), 356 [(M—236)—H]", 354 (S), 338 (T), 313 [(M—279)—H]", 312 (U), 295
(V), 267 [(M—279-46)—H]-, 235 (P)
15 606 588 [(M—H»0)—H]-, 576 [(M—30)—H], 382 (X), 370 [(M—236)—H], 368 (S), 352 (T), 327 [(M—279)—H]", 326 (U), 309
(V), 281 [(M—279—-46)—H]-, 235 (P)
18 624 606 [(M—H,0)—H]", 594 [(M—30)—H]-, 382 (X), 370 [(M—254)—H]", 368 (S), 352 (T), 327 [(M—297)—H]", 326 (U), 309
(V), 281 [(M—297-46)—H]", 253 (P)

4. Conclusion

In the present study a prompt, selective, and sensitive analyt-
ical method to obtain qualitative on-line profiling of ceramides
and cerebrosides occurring in D. loretense corms has been devel-
oped. The use of a preceding fractionation procedure, yielding
sample enriched in target molecules, followed by an appropriate
HPLC-ESI/ITMS™ method provided the unambiguous assignment of
the structure of 21 ceramide and cerebroside species by fingerprint
multistage mass spectra analysis, which allowed the rapid iden-
tification of 4,8-sphingadienine, 4-hydroxy-8-sphingenine and
4-hydroxy-sphinganine as the major long-chain bases, and of 11
different hydroxylated or not acyl-chain moieties as fatty acids. This
HPLC-ESI/ITMS™ method provided high structure specific data for
the determination of the exact pairing of fatty acids with long-chain
bases and carbohydrate headgroups of ceramide and cerebroside
compounds. Allowing the simultaneous characterization of known
and unknown compounds, the method here reported, as well as to
identify D. loretense corms as a promising source of bioactive sphin-
golipid compounds, could represent a reliable, sensitive, and simple
approach to investigate new plant matrices looking for ceramide
and cerebroside compounds. Besides, this study could represent
a useful benchmark to develop a quantitative method to analyze
sphingolipid compounds in plant matrices.
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