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1. Introduction

The laser desorption time-of-flight mass spectrometer (TOF/MS)
was developed to analyze non-volatile, thermally labile and high
mass organic molecules. Matrix-assisted laser desorption ion-
ization (MALDI) was reported to be a useful technique for the

Abbreviations: MALDI-TOF/MS, matrix-assisted laser desorption ionization
time-of-flight mass spectrometry; 2,5-DHB, 2,5-dihydroxybenzoic acid; CMH,
ceramide monohexoside; SPC, sphingosylphosphorylcholine.
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and C, and Gaucher disease are glycolipid storage disorders characterized
ycosphingolipids, i.e., sphingomyelin in Niemann-Pick disease types A and
in Gaucher disease ones, respectively. Using matrix-assisted laser desorp-
ass spectrometry (MALDI-TOF/MS), we analyzed the sphingolipids in liver
ents with Niemann-Pick disease types A and C, and Gaucher disease. Crude
e containing 5 mg protein with chloroform and methanol. After mild alka-
ds, a sphingolipid fraction was prepared and analyzed by MALDI-TOF/MS.
ion peaks with m/z values corresponding to different sphingomyelin and

) species were clearly detected. (b) With sphingosylphosphorylcholine as
tification of sphingomyelin and CMH, the relative peak heights of sph-

lculated and plotted versus their contents. The relative peak heights of
d linearity between 50 and 1500 ng sphingomyelin content, and between
pectively. (c) Quantitative analysis revealed the accumulation of sphin-
n specimens from the patients with Niemann-Pick disease types A and
H was also detected in the liver and spleen specimens from the patients
estigation indicated that accumulated sphingomyelin and CMH in small

olipidosis patients can be detected quantatively with the MALDI-TOF/MS
seful not only for the diagnosis but also for biochemical pathophysiology
ious sphingolipidosis.

© 2008 Elsevier B.V. All rights reserved.

detection of high mass molecules first in 1987 by Tanaka et al.
[1]. Delayed ion extraction was later introduced to MALDI-TOF/MS,
which dramatically improved the resolution and accuracy of the
mass spectra. MALDI-TOF/MS is sensitive and convenient for detect-
ing glycosphingolipids including lysosphingolipids [2–4]. It was
reported previously that MALDI-TOF/MS is a useful technique for
quantitative analysis of biological materials with high sensitivity
[5–11].

Niemann-Pick disease types A and C, and Gaucher diseases are
all autosomal recessive inborn errors, sphingolipids storage dis-
eases. Niemann-Pick disease type A is a lysosomal storage disorder
that results from the deficient activity of acid sphingomyelinase
and the accumulation of sphingomyelin [12]. Niemann-Pick dis-
ease type C comprises an error in cellular trafficking of exogenous
cholesterol that is associated with lysosomal accumulation of unes-

http://www.sciencedirect.com/science/journal/15700232
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of tissue protein concentration with Lowry method, about
5 mg/protein of each tissue sample was homogenized in 10 ml of
Fig. 1. General molecular structures of sphingomyelin, glucosylceramide (ceramide m
contains saturated and mono-unsaturated species with chain lengths of C14 to C26.

terified cholesterol and sphingomyelin [13]. Sphingomyelin is a
phospholipid composed of a long chain base, generally sphingo-
sine, a long chain fatty acid of varying length, and a phosphocholine
moiety. Gaucher disease is characterized by the accumulation of
glucosylceramide, which is usually called ceramide monohexoside
(CMH), as a result of insufficiency of acid �-glucosidase [14]. The
structures of sphingomyelin and glucosylceramide are schemati-
cally shown in Fig. 1.

Previously, we reported that the qualitative analysis of sph-
ingolipids by MALDI-TOF/MS was useful for the diagnosis of
sphingolipidosis [15–18]. We also evaluated ceramide trihexoside
quantatively in cardiac valves from a patient with Fabry disease
using the MALDI-TOF/MS method [19]. Herein we report quanti-
tative analysis of sphingomyelin and glucosylceramide in tissues

from patients with Niemann-Pick disease types A and C, and
Gaucher disease using MALDI-TOF/MS. In addition, we investi-
gated the appropriate conditions for applying lipid samples and
matrix solutions to TOF/MS sample plates for quantative analysis
using MALDI-TOF/MS. The main aim of this study was to develop
a method for the highly sensitive quantitative determination of a
variety of sphingolipids in small amounts of lipid samples using
MALDI-TOF/MS.

2. Materials and methods

2.1. Patients and specimens

The patients were nine pediatric patients with sphingolipidosis,
i.e., one with Niemann-Pick disease type A (one female), four with
Niemann-Pick disease type C (two males and two females), and
four with Gaucher disease (four females). All patients had been
diagnosed as having the respective diseases based on enzymatic
diagnosis and/or diagnosis by DNA analysis. Autopsy samples from
nearly age-matched six patients without metabolic diseases (two
with sudden infant death syndrome, one with posthemorrhagic T
exoside), and sphingosylphosphorylcholine. The N-linked fatty-acyl region typically

hydrocephalus, two with asphyxia, and one with biliary atresia)
were used as controls. All patients and controls were Japanese,
and age range was from 2- to 5-year old. Each sample was frozen
and then stored at −80 ◦C until examination. All materials were
collected with the informed consent of the patients and/or their
parents.

2.2. Preparation of sphingolipids

The method used to prepare the sphingolipid fraction is
schematically depicted in Fig. 2. Briefly, after determination
chloroform–methanol, 2:1 (v/v), sonicated, left for 1 h, and then
centrifuged at 1500 × g for 5 min, total crude lipids being obtained
in the supernatant fluid. We added 2.5 ml of water to the super-
natant fluid for Folch partitioning. Then, after centrifugation at
1500 × g for 5 min, the lower phase was evaporated to dryness
under a nitrogen stream, and then treated with 1 ml of 0.1N NaOH in
methanol at 55 ◦C for 1 h to decompose all esterified glycerolipids
including glycerophospholipids and triacylglycerols. After acidifi-
cation with 0.2 ml of 1N HCl in methanol, one drop of water and
1 ml of hexane were added, followed by centrifugation at 1500 × g
for 5 min. After the upper phase had been removed, the lower phase
was evaporated under a nitrogen stream. 0.2 ml of the theoreti-
cal lower phase, chloroform–methanol–water, 86:14:1 (v/v/v), and
0.8 ml of the theoretical upper phase, chloroform–methanol–water,
3:48:47 (v/v/v), were mixed for Folch partitioning. The resulting
mixture was centrifuged at 1500 × g for 5 min. After the upper
phase had been discarded to remove salts, the lower phase was
evaporated under a nitrogen stream. The crude sphingolipids in the
residue were dissolved in chloroform–methanol (2:1, v/v) to give a
certain concentration for thin-layer chromatography and MALDI-
OF/MS.
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Fig. 2. Schema of preparation of sphingolipid fractions from liver and spleen.

2.3. Thin-layer chromatography

For comparison with MALDI-TOF/MS analysis, thin-layer chro-
matography was performed on silica gel 60 plates (Merck,
Darmstadt) with a solvent system of chloroform–methanol–0.2%
CaCl2 in water, 60:30:6 (v/v/v). After development, spots were
visualized with primuline reagent under ultraviolet light at a wave-
length of 365 nm [20]. All reagents were of analytical grade.

2.4. MALDI-TOF/MS analysis
To 5 �l of the crude sphingolipid solution in a 1.5 ml Eppendorff
tube, 5 �l of the matrix solution, i.e., 10 mg of 2,5-dihydroxybenzoic
acid (2,5-DHB) in 1 ml of chloroform–methanol, 2: 1 (v/v) was
added. The mixture was shaken vigorously on a vortex mixer,
and then centrifuged in a microcentrifuge (Chibitan; Tomy Kogyo,
Fukushima, Japan) at 2000 × g for 1 min. One microliter of the
supernatant was loaded into a VoyagerTM DE-RP (2.0 m flight
length, reflector mode) BiospectrometryTM Workstation (Applied
Biosystems, Framingham, MA, USA), and mass spectra of sam-
ples were obtained in the positive ion mode with an N2 laser
(337 nm; laser energy, 3.3 kv; radiation time per every laser pulse
radiation, 3 �s) (delay, 100 ns; accelerating voltage, 25 kv; and
scan average, 256). The resolution of the ion peak was more
than 2000 and is represented as M/�M (peak centroid mass/right
mass–left mass), the resolution calculator in the GRAMS/386 soft-
ware (Galactic Industries Corp., Salem, NH) supplied with the
instrument being used. Two-point external calibration was per-
formed each time. In the positive ion mode with 2,5-DHB as the
matrix, angiotensin I ([M+H]+: 1296.6853) and des-Arg-bradykinin
([M+H]+: 904.4681) were used for calibration of the instrument.
r. B 870 (2008) 170–176

Five-point Savitsky–Golay smoothing was applied to the mass spec-
tra as described previously [2–4,21]. 2,5-DHB was purchased from
Sigma Chemicals (St. Louis, MO, USA). All other reagents were of
analytical grade.

2.5. Quantitative analysis of sphingomyelin and glucosylceramide

Preceding quantitative analysis, we investigated appropri-
ate conditions for crystallization on TOF/MS sample plates,
the crystallization being from the crude sphingolipid solution
and matrix (2,5-DHB) solution. When we dissolved 2,5-DHB in
chloroform–methanol, 2:1 (v/v), to prepare the matrix solution, a
mixture of an adequate amount of a lipid sample and the matrix
solution (10 mg of 2,5-DHB in 1 ml of a chloroform–methanol,
2:1 (v/v)), which could be quickly dried with a dryer, showed an
amorphous appearance on a TOF/MS sample plate (Fig. 3b). Under
these conditions, a crystal showing the amorphous appearance was
appropriate for detecting ion peaks in TOF/MS mass spectra, and
for reducing variability of ion peak intensity from run to run and
from spot to spot. When 2,5-DHB is dissolved in a 9:1 mixture of
water–ethanol, the mixture of the lipid sample and the matrix solu-
tion naturally dried up in room air, or when the amount of the lipid
sample is in excess as to the matrix solution in the mixture, the crys-
tal on the sample plate did not show the amorphous appearance,
and did not exhibit sufficient intensity or stable reproducibility
(Fig. 3a and c).

Various amounts of authentic sphingomyelin with fatty acid
C16:0, dihydroglucosylceramide with fatty acid C18:0, and 50 �g of
SPC, as an internal standard, were added and analyzed with MALDI-
OF/MS to obtain a standard curve. A standard curve was obtained

each time. MALDI-TOF/MS analysis was performed by the meth-
ods mentioned above. The relative peak heights of sphingomyelin
and CMH as to that of SPC were calculated. Using the standard
curve obtained, from the ion peak intensity ratio for each sphin-
gomyelin, CMH species and SPC, the amounts of sphingomyelin and
CMH in each sample tissue were determined. SPC was purchased
from Calbiochem-Novabiochem (San Diego, CA, USA), and authen-
tic sphingomyelin and dihydroglucosylceramide were purchased
from Sigma Chemicals (St. Louis, MO, USA).

3. Results

The mass spectra of various amounts (50, 150, 500, 1500, and

2500 ng) of authentic sphingomyelin with fatty acid C16:0 and
50 �g of SPC, as an internal standard, obtained on MALDI-TOF/MS
for making a standard curve are presented in Fig. 4. When we
loaded 5 ng of sphingomyelin on the sample plate, the ion peak cor-
responding to sphingomyelin was not detected (data not shown).
With increasing amounts of added authentic sphingomyelin, each
ion peak with m/z values corresponding to sphingomyelin, [M+H]+

and [M+Na]+, shows higher intensity. The relative peak height
of sphingomyelin, [M+H]+ and [M+Na]+, as to that of SPC was
calculated to obtain a standard curve. The standard curve for sph-
ingomyelin and glucosylceramide quantification is shown in Fig. 5.
Each point is the mean value of six measurements of the relative
peak height. The relative peak height value was plotted against
the sphingomyelin and CMH contents. A good linear relationship
was obtained between 50 and1500 ng of sphingomyelin and 5 and
150 ng of CMH, as illustrated in Fig. 5. The square of the regression
coefficients of standard curve maintained over 0.89 in several
times measurements both for sphingomyelin and CMH.

On thin-layer chromatography analysis, the lipid material in the
liver and spleen specimens from the patients with Niemann-Pick
disease types A and C gave a distinct spot, which exhibited a similar
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lipid solution and the matrix (2,5-DHB) solution was loaded onto TOF/MS sample plates.
ixture of the lipid sample and the matrix solution, which naturally dried up in room air,

rm–methanol, 2: 1 (v/v). The mixture of an adequate amount of the lipid sample and the
ance. (c) The matrix solution comprised 2,5-DHB in chloroform–methanol, 2: 1 (v/v). The
w an amorphous appearance. Crystal (b) was appropriate for detecting ion peaks and for
.

Fig. 3. Enlarged photos of TOF/MS sample plates. The mixture of the crude sphingo
(a) The matrix solution comprised 2,5-DHB in a 9:1 mixture of water–ethanol. The m
crystallized in a ring shape. (b) The matrix solution comprised 2,5-DHB in chlorofo
matrix solution, which quickly dried up with a dryer, showed an amorphous appear
mixture of an excess amount of the lipid sample and the matrix solution did not sho
quantification in TOF/MS mass spectra, but crystals (a) and (c) were not appropriate
Rf value to that of the standard sphingomyelin and is present as a
mere trace in the control lane. The lipid material in the liver and
spleen specimens from the patients with Gaucher disease gave a
distinct spot, that exhibited a similar Rf value to that of the standard
CMH and is not present in the control lane.

The mass spectra of sphingolipids in the spleen specimens from
the patients with Niemann-Pick disease types A and C, and Gaucher
disease, and the control obtained on MALDI-TOF/MS are presented
in Fig. 6. Table 1 shows the m/z values of the different [M+Na]+ and
[M+H]+ ions in the mass spectra in Fig. 6, and the proposed sphin-
golipid species corresponding to these ions [22]. The m/z values of
the 487, [M+Na]+ and 465, [M+H]+ ions in the mass spectrum cor-
responded to SPC in the lipid material in a control spleen specimen
(Fig. 6D). The mass spectrum of control spleen showed scanty ion
peaks corresponding to different sphingomyelin and CMH species.
The mass spectra of the sphingolipids from the spleen specimens
from the patients with Niemann-Pick disease types A and C, and
Gaucher disease showed SPC ions similar to those in the control
one and, in addition, prominent ions corresponding to different

Fig. 4. TOF/MS mass spectra of various amounts of authentic sphingomyelin with
fatty acid C16:0 and 50 �g of SPC, as an internal standard. The relative peak height
of sphingomyelin as to that of SPC increased with the amount of sphingomyelin
loaded on the sample plates. Subsequently, the ion peak intensity ratio of sphin-
gomyelin/SPC was calculated to obtain a standard curve. When we loaded 5 ng of
sphingomyelin on the sample plate, the ion peak corresponding to sphingomyelin
was not detected (data not shown). Abbreviations: SPC, sphingosylphosphoryl-
choline; SM, sphingomyelin.
sphingomyelin and CMH species (Fig. 6A, B, and C). The contents
of sphingomyelin and CMH in the patient’s tissues determined by
MALDI-TOF/MS are presented in Figs. 7 and 8, respectively.

Hence, the thin-layer chromatography and MALDI-TOF/MS
results were compatible, indicating that sphingomyelin accumu-
lated in the Niemann-Pick disease types A and C patients, and CMH
accumulated in the Gaucher disease patients.

Fig. 5. Representative standard curves for sphingomyelin (A) and CMH (B). The
transverse axis indicates the amount of sphingomyelin with fatty acid C16:0 (A)
and dihydroglucosylceramide with fatty acid C18:0 (B) loaded on the sample plate.
To various amounts of authentic sphingomyelin and CMH, 50 �g of SPC, as an inter-
nal standard, was added. Subsequently, MALDI-TOF/MS analysis was performed, and
the relative peak heights of sphingomyelin and CMH ions as to that of SPC ions were
calculated. The values are the means of six measurements, and the error bars show
S.D. “R” means regression coefficient. The measure points observed in 2500 ng of
sphingomyelin, and 250 ng of CMH, were over a saturation limit. The relative peak
intensities of sphingomyelin and CMH showed linearity between 50 and 1500 ng
sphingomyelin, and between 5 and 150 ng CMH, respectively.
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Fig. 6. Representative TOF/MS mass spectra of lipid samples from spleen specimens for N
(C), and a control (D) in the positive ion mode magnified. The mass spectrum of the sphin
numbers (m/z) and proposed molecular species are shown in Table 1. The matrix used wa
Ion peaks with m/z values corresponding to sphingomyelin species were dominantly detec
were dominantly detected in Gaucher disease.

4. Discussion

In patients with sphingolipidosis, sphingolipids corresponding
to the defective enzymes are accumulated in tissues. For the diagno-
sis of such disorders, demonstration of accumulating sphingolipids

Fig. 7. Sphingomyelin contents in liver and spleen of patients with sphingolipidosis. Sph
both the liver and spleen in Niemann-Pick disease type C. Abbreviations: NPA, Niemann-
control. We could not obtain the liver sample from patient with Niemann-Pick disease ty
iemann-Pick disease type A (A), Niemann-Pick disease type C (B), Gaucher disease
golipids showed ions corresponding to sphingomyelin and CMH species. The mass
s 2,5-DHB. *: Ion peaks derived from SPC, which was added as an internal standard.
ted in Niemann-Pick disease types A and C, and ones corresponding to CMH species

in tissues and/or body fluids of presumptive patients is an impor-
tant approach. We evaluated the usefulness of the MALDI-TOF/MS
method for quantitative analysis of sphingomyelin and CMH in
patients with Niemann-Pick disease types A and C, and Gaucher
disease in this study.

ingomyelin was accumulated in the spleen in Niemann-Pick disease type A, and in
Pick disease type A; NPC, Niemann-Pick disease type C; GD, Gaucher disease; Con,
pe A, there is no data of liver sample with NPA.
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Table 1
Measured mass-to-charge ratios (m/z) and proposed molecular species associated
with sphingolipids

Sphingomyelin (m/z) Ceramide monohexosidea (m/z)

703 (d18:1C16) [M+H]+ 722 (d18:1C16) [M+Na]+

725 (d18:1C16) [M+Na]+ 738 (d18:1C16:h) [M+Na]+

731 (d18:1C18)[M+H]+ 750 (d18:1C18) [M+Na]+

753 (d18:1C18) [M+Na]+ 766 (d18:1C18:h) [M+Na]+

759 (d18:1C20) [M+H]+ 778 (d18:1C20) [M+Na]+

781 (d18:1C20)[M+Na]+ 792 (d18:1C20:1 h) [M+Na]+

787 (d18:1C22) [M+H]+ 806 (d18:1C22) [M+Na]+

809 (d18:1C22) [M+Na]+ 820 (d18:1C23) [M+Na]+

813 (d18:1C24:1) [M+H]+ 832 (d18:1C24:1) [M+Na]+

835 (d18:1C24:1) [M+Na]+

SPC (m/z)b

465 (d18:1) [M+H]+

487 (d18:1) [M+Na]+

“d” indicates dihydroxy-sphingosine. “h” indicates hydroxy-fatty acid.

a Ceramide monohexoside (CMH) includes glucosylceramide.
b SPC: sphingosylphosphorylcholine.

Sugiyama et al. first reported the quantitative analysis of gly-
cosphingolipids, including serum sulfatide, using MALDI-TOF/MS
[23]. In that study, hydrogenated N-acetyl lysosulfatide was used
as an internal standard, and the results corresponded well to
the reported data obtained on gas-liquid chromatography. In our
previous study, we evaluated the increase in sphingomyelin or
CMH using MALDI-TOF/MS as the ion peak intensity ratio of
CMH/sphingomyelin. Tissues [15], cultured cells [16], and body flu-
ids [17] from Niemann-Pick disease patients showed a low ion
intensity ratio of CMH/sphingomyelin, indicating the accumulation
of sphingomyelin, and ones from Gaucher disease patients showed
a high ion intensity ratio of CMH/sphingomyelin, indicating the
accumulation of CMH. In this study, we confirmed more directly
the accumulation of sphingomyelin in Niemann-Pick disease types
A and C, and CMH in Gaucher disease, respectively.

We examined appropriate conditions for crystallization on
TOF/MS sample plates. In general, when a sample is analyzed by

Fig. 8. Ceramide monohexoside (CMH) contents in liver and spleen of patients with sph
liver and spleen in Gaucher disease. Abbreviations: NPA, Niemann-Pick disease type A; N
obtain the liver sample from patient with Niemann-Pick disease type A, there is no data o
r. B 870 (2008) 170–176 175

MALDI-TOF/MS, ionization is a very important step. To reduce the
variability from run to run and from spot to spot, it is necessary
to obtain homogenous crystals on a sample plate. In our study, the
best result was obtained when the matrix, 2,5-DHB, is dissolved
in chloroform–methanol, 2:1 (v/v), the mixture of the lipid sam-
ple and the matrix solution subsequently quickly drying up with a
dryer.

In this study, we used SPC as an internal standard. SPC is phys-
iologically nonexistent in normal human tissues or body fluids
except as an artifact. Sphingomyelin and glucosylceramide with
fatty acid C17:0, which are candidate internal standards for quan-
titative analysis of sphingomyelin and glucosylceramide, might
possibly exist in small amounts in organisms. Although sphin-
gomyelin and glucosylceramide with fatty acid C17:0 need to be
prepared for use, SPC is commercially available and convenient to
use.

Sphingomyelin and glucosylceramide are heterogeneous gly-

cosphingolipids that consist of numerous isoforms with various
fatty acid moieties. In this study, a standard curve was obtained
using sphingomyelin with fatty acid C16:0 and dihydroglucosyl-
ceramide with fatty acid C18:0, both of which were purchased
commercially, from the calculated ion peak intensity ratio of each
sphingomyelin, CMH species and SPC. Consequently, the amounts
of sphingomyelin and CMH in the sample tissues were determined
as sphingomyelin with fatty acid C16:0 or dihydroglucosylceramide
with fatty acid C18:0. Each isoform of sphingomyelin and CMH
with a different fatty acid moiety might exhibit a different ioniza-
tion tendency. While our new approach with MALDI-TOF/MS has
an advantage of the direct determination of ions of sphingolipids
without requirement of many steps to purify the samples and/or
conversion of ones to its lyso form, is disadvantageously under the
influence of complicated fatty acid composition of sphingolipids. In
future, ionization tendency of different molecular species involving
different fatty acids in sphingomyelin and CMH should be investi-
gated. Based on that study, more precise quantitative method will
be established for the compounds of several molecular species such
as clinical samples for example presented in this paper. However
the method with MALDI-TOF/MS presented here was sufficiently

ingolipidoses. CMH includes glucosylceramide. CMH was accumulated in both the
PC, Niemann-Pick disease type C; GD, Gaucher disease; Con, control. We could not
f liver sample with NPA.
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valuable one for clinical diagnosis by quantitative lipid analysis of
Niemann-Pick disease types A and C, and Gaucher disease.

In Fig. 4, the mass spectra for sphingomyelin standard, besides
the two major ion peaks (m/z, 703 and 725), there is also another
smaller peak (around 670) whose intensity also increased with the
increased concentration of authentic sphingomyelin. It could be a
fragment of sphingomyelin molecule broken during the ionization
process. This smaller peak (around 670) was not detected in the
mass spectra for CMH standard (data not shown). The origin of
this smaller peak and impact it would have on the construction
of the standard curve should be investigated hereafter with exami-
nation using by another analytical method, for example LC/MS–MS,
or with alteration of laser intensity on MALDI-TOF/MS.

In previous reports concerning quantitative analysis of accu-
mulating sphingolipids in sphingolipidosis patients’ tissues, it was
documented that the sphingomyelin levels may be elevated up to
fifty-fold in tissues of Niemann-Pick disease type A patients [12],
there are two- to five-fold increases in sphingomyelin accumu-
lated in liver and spleen of Niemann-Pick disease type C patients
[13], and there are twenty- to one hundred-fold increase in gluco-
sylceramide in liver and spleen of Gaucher disease patients [14].
Our quantitative results presented here are almost consistent with
results documented previously. Gas–liquid chromatography has
been the main quantitative method for the detection of accumu-
lating sphingolipids in sphingolipidosis patients. In comparison
with the quantitative method involving gas-liquid chromatogra-
phy, the MALDI-TOF/MS method we described in this paper has
the following advantages: (a) Crude lipids extracted from about
5 mg/protein of each tissue sample could be subjected to quanti-
tative analysis in this study. The MALDI-TOF/MS method is thus
suitable for the analysis of small amounts of samples. (b) With the
MALDI-TOF/MS method it is possible to obtain the isoform profiles
of sphingomyelin and CMH concurrently with quantification. Addi-
tionally, mass spectra of Niemann-Pick disease types A and C, and
Gaucher disease show some unknown ion peaks with between m/z
values 600 and 700, which are not detected in control one (Fig. 6).
These unknown ion peaks possibly might be derived from metabo-
lites derived from accumulating sphingolipids. The origin of these
unknown ion peaks detected by MALDI-TOF/MS is important and
interesting subject, should be studied enthusiastically.

Liquid chromatography–tandem mass spectrometry (LC/MS–

MS) has also been applied to the analysis of sphingolipids in
samples from patients with sphingolipidosis. Generally speak-
ing, MALDI has advantages over the electrospray ionization (ESI)
method, which is used for LC/MS–MS, for investigation of non-
volatile and/or high mass molecules, and thus the two methods,
MALDI-TOF/MS and LC/MS–MS, should be compared and investi-
gated regarding sensitivity, reproducibility, convenience, and time
of analysis for the quantification of glycosphingolipids. ESI method
has been considerably established for quantification of volatile and
low to middle mass molecules, involving glycosphingolipids. On
the other side, MALDI-TOF/MS has some disadvantage against ESI,
i.e. poor stability and reproduction of ion intensity result from dif-
ficulty of making a homogeneous crystallization of the solute in
the matrix. Therefore MALDI-TOF/MS is still challenging stage for
quantitative analysis. At present, Gas–liquid chromatography and
LC/MS–MS have the advantage of accuracy and reproducibility;
MALDI-TOF/MS has one of high degree efficiency of ionization and
limit of detection for high mass molecules. In this paper, we indicate
the clue for quantitative analysis of MALDI-TOF/MS method.

Quantitative analysis involving MALDI-TOF/MS with SPC as an
internal standard is expected to be applicable to the quantifica-

[

[
[

[
[
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tion of various glycosphingolipids other than sphingomyelin and
CMH in small amounts of tissues or body fluids, and to clinical
examination.

5. Conclusion

We showed the accumulation of sphingomyelin in Niemann-
Pick disease type A and C tissues, and CMH in Gaucher disease
ones quantitatively, using MALDI-TOF/MS as well as thin-layer
chromatography. The former method was simple, convenient, and
practical for the diagnosis of this disease. MALDI-TOF/MS analysis
with SPC as an internal standard may allow the quantification of
even low levels of sphingolipids in tissues, and identification of the
molecular species of accumulating sphingolipids.
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