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a b s t r a c t

Gangliosides are sphingolipids containing one or more moieties of sialic acid in their structure. Both
gangliosides and sialic acid are bioactive compounds related to animal physiology. Due to their biological
relevance, analytical methods adapted to each type of matrix have been developed over time. The present
study reviews the main methods applied to the analysis of sialic acid and gangliosides in biological samples
and dairy products.
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Fig. 1. General structure of gangliosides.
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. Introduction

Gangliosides1 are sialoglycosphingolipids—sphingolipids with
ne or more moieties of sialic acid in their structure. More in detail,
angliosides are composed of a sphingoid base linked to a fatty
cid by an amide linkage (ceramide) bound to an oligosaccharide
hain of variable size containing one or more sialic acid moieties
Fig. 1).

In relation to sialic acid, Blix et al. [1] proposed this term as
trivial name for the family of acylated derivatives of a 9-carbon

arboxylated monosaccharide. Fig. 2 shows the basic backbone of
he molecule. Under physiological conditions, the molecule has a
egative charge (pKa 2.2). Substitutions of the hydroxyl groups,
odification of some carbons, and even unsaturation of the struc-

ure, result in the great variety of compounds that could be found in
iological samples under this denomination. Since the 1940s, with
he description of the first sialic acids found in brain gangliosides
2] and salivary mucins [3], more than 40 compounds have been
ssociated to this family [4].

Sialic acids and gangliosides are natural compounds that could
e found not only in all vertebrates and in higher invertebrate
pecies, but also in lesser amounts in lower invertebrates, as
ell as in fungi (Candida albicans, Aspergillus fumigatus), bacteria

Escherichia coli K1, Neisseria meningitidis, Campylobacter jejuni),
rotists (Entamoeba histolytica, Theileria sergenti), the Archaea
omain, viruses and prokaryotic cells [4–6]. Each species has char-
cteristic sialic acids extensively distributed in all tissues and fluids.
n example of note is their presence in milk, with amounts that
ecrease during lactation (−80% from colostrums to mature milk)
7].

The main representative form of sialic acid is the acylated (at the
mino group of carbon 5) compound, known as N-acetylneuraminic
cid (Neu5Ac). Another common form is N-glycolylneuraminic acid
Neu5Gc), where a glycolyl group is bound to the C5 amino group.
he family of sialic acids was expanded with a new form where the
mino group at carbon 5 is replaced by a hydroxyl group. This form
s referred to as 2-keto-3-deoxy-d-glycero-d-galactonononic acid
KDN), and is not a neuraminic acid [8].

In dairy products and biological samples, sialic acids are usu-
lly present as glycoconjugates (glycoproteins, glycolipids and
ipopolysaccharides), and as terminal moieties in glycan chains;
hey are rarely found in free form (3%). It is also common to find
hem forming polymers, where they are glycosidically linked via
heir hydroxyl group at C2 to position 3 or 6 of the penultimate
ugar to C8 of another sialic acid residue [9].
Gangliosides are widely distributed in most tissues, forming part
f certain organs and plasma cells. They are particularly abundant

n neural tissue, although they also appear in high concentrations in
xtraneural organs as well as in biological fluids [10]. In the human

1 The ganglioside nomenclature of Svennerholm [97] and the IUPAC-IUB
CBN (Joint Commission on Biochemical Nomenclature; Nomenclature of Glycol-
pids) recommendations (1999) was followed: GM1, Gal�1-3-GalNAc �1-4-Neu5Ac
2-3)-Gal�1-4-Glc-Cer; GD1a, Neu5Ac �2-3-Gal�1-3-GalNAc �1-4-(Neu5Ac �2-
)-Gal�1-4-Glc-Cer; GD1b, Gal�1-3-GalNAc �1-4-(Neu5Ac �2-8-Neu5Ac �2-3)-
al�1-4-Glc-Cer; GT1b, Neu5Ac �2-3-Gal�1-3-GalNAc �1-4-(Neu5Ac �2-8-Neu5Ac
2-3)-Gal�1-4-Glc-Cer; LacCer, Gal�1-4-Glc-Cer; GD3, (Neu5Ac/Neu5Gc) �2-8-

NeuAc/NeuGc) �2-3-Gal�1-4-Glc-Cer; O-acetyl GD3, Neu5,9Ac2 �2-8-Neu5Ac
2-3-Gal�1-4-Glc-Cer; GM3, Neu5Ac �2-3-Gal�1-4-Glc-Cer; GT3, Neu5Ac �2-8-
eu5Ac �2-8-Neu5Ac �2-3-Gal�1-4-Glc-Cer.
Fig. 2. General structure of sialic acid and main substitutions.

body, the largest amounts are found in neural tissues (with a preva-
lence of GM1, GD1a, GD1b and GT1b) and extra-neural organs such the
lung, spleen and gut, where the majority representations are GD3
and GM3.

It has been reported that GD3 and GM3 are the main individual
components of the gangliosides fraction in milk and dairy products.
GD3 is the main ganglioside in human colostrum, cow’s milk and
infant formulas, representing 50%, 60% and 80%, respectively, of the
total amount of gangliosides, while GM3 is present in trace amounts.
From transitional to mature milk, the GM3 contents increase up to
50% in human milk, while the GD3 contents decrease [11].

Gangliosides are amphipathic molecules, this configuration
being essential for the role they play. Forming part of cell mem-
branes, gangliosides stabilize the latter, participate in cell-to-cell
communication, in the regulation of axonal development [12]
acting as modulators in synaptic transmissions [13], and in cell
adhesion phenomena [14].

It has been demonstrated that gangliosides present protec-
tive action against enteric pathogens, acting as false receptors
(E. coli, V. cholera, Campylobacter, Helicobacter) [15–19], and they
have prebiotic functions—increasing bifidobacteria content in the
gut of infants [16]. Likewise, in relation to the regulation of the
immune system, gangliosides intervene in the differentiation of
the Th1 and Th2 lymphocyte subpopulations [20], in the activa-
tion of T cells and/or lymphocytes [21,22], and increase the number
of intestinal IgA-secreting cells as well as the percentages of Th1
and Th2 cytokine-secreting cells in the lamina propria and Peyer’s
patches [23–25]. The dietary intake of these bioactive compounds
is important, especially during the first stages of life, when dietary
gangliosides from breast feeding and infant formulas contribute
to the aforementioned biological functions and prove essential for

correct neuron development.

Gangliosides and sialic acid can act as biomarkers for some
pathologies as well. A high amount of Neu5Gc in plasma is asso-
ciated with some cancers [26], since tumor cells induce alterations
in the gene encoding for Neu5Ac, resulting in the production of
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0–6.4 mM, no statistically significant differences being observed
among them, with a limit of detection (LOD) of 0.12 mM, 0.20 mM
48 R. Lacomba et al. / Journal of Pharmaceuti

eu5Gc by the human body—this being a compound obtained
nly through the diet. Furthermore, a relationship has been
emonstrated between anti-ganglioside antibodies (GM1, GD1a,
al-NAcGD1 and GT1) and Guillain–Barré syndrome [27,28] and
andhoff–Jatzkewitz disease [29]. A correlation has also been seen
o lead poisoning (GM1 and GM3 diminish, 9-O-Ac-GD3 increases,
nd GD3 remains stable) [30].

The present study reviews the analytical techniques, including
he prior extraction and purification stages as critical steps to obtain
alid results, for the identification and quantification of sialic acid
nd/or gangliosides in their different chemical structures, in dairy
roducts and biological samples.

. Sialic acid

Typically, the analysis of sialic acids starts with their release, fol-
owed by the purification of samples and determination by different
nalytical techniques.

Reviews of the methodology developed to isolate and release
ialic acids from biological samples, as well as of the chromato-
raphic, electromigration and hyphenated techniques available for
heir separation and analysis have been carried out by Lamari and
aramanos [9] and Karamanos et al. [31]. High-performance anion-
xchange chromatography with pulsed amperometric detection
as also been reviewed [32].

.1. Sample preparation

.1.1. Release of sialic acids
Two treatments for releasing the non-free form – enzymatic and

cid hydrolysis – have been used.
Acid hydrolysis is the most widely used treatment. Mild acid

onditions under heating (between 70 ◦C and 90 ◦C) with an oven,
eater or block heater are used. Sulfuric acid diluted at concen-
rations of 25–100 mM is the most commonly used acid [33–38].
thers authors have used different solvents for hydrolysis: diluted
Cl [32,39], microwave hydrolysis with acetic acid [9,40] that
ecreases the time of hydrolysis, sodium hydrosulfite [41], or tri-
uoroacetic acid [42,43].

A comparative study of different acid hydrolyses (25 mM HCl,
5 mM trifluoroacetic acid (TFA), 25 mM H2SO4 and 2 M acetic acid)
as made for the determination of Neu5Ac and Neu5Gc in glyco-

onjugates [9]. Hydrolysis with HCl or TFA seems to be the best
ption, although 2 h of hydrolysis results in losses of about 20%.

Enzymatic hydrolysis secures the release of sialic acid moieties
hrough the action of neuraminidases obtained from microorgan-
sms (mainly V. cholerae and Arthrobacter ureafaciens) [44]. It is not
asy to control the reaction cascade in biological samples, because
elease depends on the tissue structure, and on the origin of the
nzyme—e.g., V. cholerae sialidase is preferentially used for mucins.

The enzymatic method is less aggressive than the hydrolytic
pproach, though release of all the non-free sialic acid content is
ot assured. In contrast, acidic hydrolysis releases all the non-free
ialic acid, but may destroy part of it, and could take part in the rest
f the process [9]. However, acid hydrolysis is the treatment most
ften used in both chromatographic and colorimetric techniques,
ue to the lesser cost involved and the greater reproducibility and
ase of use.

.1.2. Purification
Since biological samples and dairy products have a complex
atrix, and sialic acids can form part of proteic, glucidic or lipidic
ractions, determination cannot be carried out without a prior
urification step.

The anionic exchange column is the most common option for
he purification of samples, prior to the determination of sialic
Biomedical Analysis 51 (2010) 346–357

acid [9,32,37]. Other possibilities for purification are the use of
solid phase extraction (SPE) such as SepPak C18 cartridges applied
to biological samples [34] or ultracentrifugation in dairy prod-
ucts [45], generally after hydrolysis to eliminate protein residues.
Another possibility is the combination of two systems using con-
secutive anion exchange column–ultracentrifugation applied to
dairy products [37], or a CarboPac column followed by an anion
exchange column applied to biological samples [32]. The anion
exchange column is the most effective purification method, but
it is also a tedious and costly method. As a result, it must
be used when the sample is very complex, and the method
moreover does not offer the best selectivity for the desired ana-
lyte. In contrast, the use of SPE cartridges is rapid and easy to
carry out, but the effectiveness is high only in small quanti-
ties of interference—its use being recommended only for purified
samples.

The conditions of release of sialic acids and of sample purifica-
tion used by different authors are reported in Tables 1–3.

2.2. Sialic acid determination

2.2.1. Spectrophotometric methods
Spectrophotometric methods have been the techniques of

choice for the determination of sialic acids, in view of their
structural similarity to sugars. The inconveniences posed by such
methods are their poor selectivity – it being impossible to perform
determination without prior purification – and the impossibil-
ity of distinguishing between various forms of sialic acid. There
are basically three colorimetric methods for the determination of
sialic acids: the resorcinol method, thiobarbituric acid assaying, and
enzymatic assay.

The most widely used spectrophotometric method is that
developed by Svennerholm [46], and a later modification for its
optimization, using anion exchange resins to improve purification
[33]. In this method the reaction occurs between sugars and the
resorcinol reagent. This method is developed for human tissues
and biological fluids [33], although other studies apply it to dairy
products such as bovine milk [47] and milk-based infant formulas
[45].

The thiobarbituric acid (TBA) assay was developed and applied
only for biological fluids by Warren [48]. In this method, sialic
acid is measured by reaction with thiobarbituric acid, after
being oxidized by periodate under acid conditions, via visi-
ble or fluorimetric detection. Using acid and basic conditions
(borate in ethanolic medium), Neu5Ac has been determined in
sialomucins—no differences having been observed between them
[49].

The enzymatic assay is based on a reaction chain where sialic
acid is first released by the action of neuraminidase, converted to
pyruvate by N-acetylneuraminic acid aldolase, and finally obtained
by pyruvate assay of hydrogen peroxide—which can be measured
by spectrophotometry [44]. This method is distributed as a com-
mercial kit. When the sample contains small amounts of sialic acid,
use of the kit is recommended despite its higher cost, thanks to its
greater rapidity and simplicity.

The three methods (resorcinol, TBA and enzymatic) were
compared in biological fluids over a concentrations interval of
and 0.06 mM sialic acid, a repeatability variation coefficient (CV) of
6.1%, 8.2% and 3.9%, respectively, and a reproducibility of less than
5% (4.5%, 3.1% and 4%, respectively) [50].

Table 1 shows the conditions of sialic acid determination by
spectrophotometric methods.
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Table 1
Sialic acids in biological samples or dairy products: determination by spectrophotometry.

Matrix Analyte Pre-treatment Method conditions Ref.

Biological tissues Neu5Ac (a) H2SO4 50 mM/80 ◦C/60 min (a) Periodate solution 10 mM/30 min/37 ◦C [49]
Neutralization with NaOH 1M Arsenite solution (2%, v/v in 0.5N HCl)/3 min

TBA solution/boiling water/7.5 min
Cooled 0 ◦C/n-ButOH:12N HCl (95:5, v/v)
549 nm

(b) H2SO4 50 mM/80 ◦C/60 min (b) Boric acid 0.2M (pH 8.5)/100 ◦C/45 min/cooled
EtOH/Ehrlich reagent (p-dimethylamino benzaldehyde in EtOH:HCl (1:1, v/v)/70 ◦C/20 min
558 nm

(a) H2SO4 0.1N or HCl
0.1N/80 ◦C/60 min

Periodate solution 10 mM/30 min/37 ◦C [93]

(b) H2SO4 0.1N or HCl 0.1N/SDS 0.2%
(w/v)/85 ◦C/60 min

Arsenite solution (2%, v/v in 0.5N HCl)/3 min

TBA solution/boiling water/7.5 min
Cooled 0 ◦C/n-ButOH:12N HCl (95:5, v/v)
549 nm

H2SO4 50 mM/80 ◦C/60 min Periodate solution 10 mM/0 ◦C/45 min [92]
Sodium thiosulfate 50 mM
Ammonium acetate 4M (pH 7.5)/acetoanilide in EtOH 100 mM/10 min/�exc: 471 nm, �em: 388 nm

Biological fluids TSA Neuraminidase/N-Acetylneuraminic-
aldolase/phosphate buffer 10 mM (pH
6.8)/45 ◦C/30 min

Pyruvate oxidase/phosphate buffer (pH 7.4)/FAD/peroxidase/4-aminoantipyrine (pH 7.0)/EDTA 50 mM 0.1M
disodium phosphate/0.1M sodium citrate/Triton X-405 3 g/L (pH 9.0)/37 ◦C/15 min

[44]

550 nm

Biologial tissues and
fluids

FSA TSA: H2SO4 0.05N/90 ◦C/60 min Resorcinol reagent (resorcinol dissolved in distilled water, HCl conc., copper sulphate 0.1M)/boiling
water/15 min/cooled/amyl alcohol/shaking/0 ◦C/15 min/centrifugation/450 nm interferences/580 nm sialic acid

[33]
TSA Dowex 2 × 8 (acetic form)

TSA: H2SO4 0.1N/80 ◦C/60 min Periodate solution (periodate 0.2M H3PO4 9M)/shaking/20 min/Arsenite solution (sodium arsenite 10%, w/v,
sodium sulphate 0.05 M, H2SO4 0.1N)/shaking/TBA solution (TBA 0.6%, w/v, sodium sulphate
0.05M)/shaking/boiling water/15 min:

[48]

Dowex 1 × 8 (acetic form) Cyclohexanone (1:1, v/v)/centrifugation (3 min)
532 nm interferences/549 nm sialic acid

TSA: Neuraminidase/37 ◦C/180 min Commercial kit: Tris reaction buffer (pH 7.5)/Neu5Ac aldolase/37 ◦C/10 min/NADH solution/340 nm blank [50]
Lactic dehydrogenase/37 ◦C/10 min/340 nm sialic acid

Milk and dairy
products

FSA TSA: H2SO4 0.5N/80 ◦C/60 min Periodic acid solution 0.04 M/0 ◦C/20 min/Resorcinol
reagent/0 ◦C/5 min/100 ◦C/15 min/Tert-ButOH/37 ◦C/3 min/centrifugation

[47]
TSA

630 nm

Dairy products FSA, TSA TSA: H2SO4 0.12N/80 ◦C/60 min Reconstitution in water/Resorcinol reagent/boiling water/15 min/amyl alcohol/0 ◦C/15 min/
centrifugation

[45]
Dowex 2 × 8 (formic form)
Lyophilization 450 nm interferences/580 nm sialic acid

ButOH, butanol; EDTA, ethylenediaminetetraacetic acid; FAD, flavin adenin dinucleotide; FSA, free sialic acid; SDS, sodium dodecyl sulfate; TBA, thiobarbituric acid; TSA, total sialic acid.
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Table 2
Sialic acid in biological samples or dairy products: determination by HPLC.

Matrix Analyte Pre-treatment Derivatization Reagent/Conditions HPLC Parameters Ref.

Biological tissues Neu5Gc NaHSO4 0.5M/80 ◦C/20 min/cooled OPD reagent (OPD 20 mg/mL in 0.25M
NaHSO4)/80 ◦C/40 min/cooled

Ultrasphere-ODS RP-C18 (250 × 4.6 mm, 5 �m) [41]

Neu5Gc 1-Butylamine:phosphoric acid:THF:water (0.15:0.5:1:98.8)
(A): A:AcN (50:50) 87:13
1 mL/min. i.v. 20 �L, 230/425 nm

HCl or TFA 25 mM/80 ◦C/120 min Benzoylation mixture (benzoic anhydride 10%. w/v,
p-dimethylaminopyridine 5%,
w/v)/80 ◦C/20 min/water/80 ◦C/10 min/Sep-Pack C18

Supelcosil LC-18 (250 mm × 4.6 mm, 5 �m). Guard column
Brownlee RP-C18 (5 �m). Water:AcN 33:67.1.5 mL/min i.v.
20 �L, 231 nm

[31]

Lyophilization Evaporation/AcN/centrifugation (10,000 × g 5 min)

Biological fluids Neu5Ac H2SO4 0.05M/80 ◦C/60 min LiChrosphere RP-C18 (250 mm × 4 mm, 10 �m). TIPaq

60 mM (pH 3.5) 0.6 mL/min. i.v. 20 �L, 215 nm (Neu5Ac)
[34]

Sep-Pack Plus C18/HVLP 0.45 �m 240 nm (Neu5Ac2en)

Biological fluids Neu5Ac2en HVLP 0.45 �m
Biological fluids Neu5AcNeu5Gc TFA 2M/80 ◦C/120 min Tos-Cl/60 ◦C/40 min/dryness/redissolution MetOH:water

(1:8)/Sep-Pack C18/evaporate/AcN
Supelcosil LC-18 (250 mm × 4.6 mm, 5 �m). Guard column [43]

Lyophilization/Dowex 50 × 8 (sulphite
form)/lyophilization

Brownlee RP-C18 (5 �m). Water:AcN 85:15. 1 mL/min. i.v.
50 �L. 231 nm

Biological tissues and
biological fluids

Neu5AcNeu5Gc H2SO4 0.025M/80 ◦C/60 min – 1 day DMB solution 7 mM (DMB dihydrochloride in
�-mercaptoethanol 1 M, sodium hydrosulphite
18 mM)/60 ◦C/150 min

Radial-Pak C18 (100 mm × 8 mm, 5 �m). MetOH:AcN:water
25:4:91. 1.2 mL/min, i.v. 10 �L, 373/448 nm

[52]

CH3COOH 2M/microwaves
200W/10 min

DMB solution 7 mM (DMB dihydrochloride in
�-mercaptoethanol 0.75 M, sodium hydrosulphite 18 mM,
acetic acid 1.4 M)/50 ◦C/150 min

Supelco RP-C18 (250 mm × 4.6 mm, 5 �m). Guard column
Supelguard LC-18 (5 �m). Water (pH 3.0 with
H3PO4):MetOH:AcN 86:6:8, 1 mL/min, i.v. 50 �L,
373/448 nm

[94]

Dairy products Neu5Ac Neu5Gc H2SO4 0.05M/80 ◦C/60 min DMB solution 8 mM (DMB dihydrochloride in
�-mercaptoethanol 0.8M, sodium hydrosulphite 14 mM,
acetic acid 1.5 M)/50 ◦C/150 min

LiChrosorb RP-C18 (250 mm × 4.6 mm, 5 �m). Guard
column LiChrosorb RP-C18 (5 �m). MetOH:AcN:water
7:8:85 0.9 mL/min, i.v. 20 �L, 373/448 nm

[37]
Dowex 2 × 8 (formate
form)/ultracentrifugation Microcon-10

AcN, acetonitrile; DMB, 1,2-diamino-4,5-methylenedioxybenzene; HVLP, high volume low pressure filters; i.v., injection volume; MetOH, methanol; Neu5Ac2en, 2-deoxy-2,3-dehydro-N-acetylneuraminic acid; OPD, O-
phenylenediamine; TFA, trifluoroacetic acid; THF, tetrahydrofurane; TIP, triisopropanolamine; Tos-Cl, p-toluenesulfonylchloride.
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Table 3
Sialic acids in biological samples: determination by HPLC–MS.

Matrix Analyte Pre-treatment HPLC Parameters MS Conditions Ref.

Biological tissue Neu5Ac Neu5Gc Membrane extraction by centrifugation
(100,000 × g 4 ◦C 60 min)

Magic C18 (50 mm × 0.1 mm, 3 �m). NanoLC/FTMS: 200 ◦C. spray voltage 1800 eV. AGC 5 × 104 [53]

Acetic acid 4M/80 ◦C/180 min Formic acid:AcN:water 0.1:2:97.9: formic acid:AcN:water
0.1:80:19.9

SIM: Neu5Ac-DMB m/z 426.150

Sep-Pack C18 Gradient elution: 0–0.1 min 90:10, 0.1–30 min 10:90,
0.75 �L/min.

Neu5Gc-DMB m/z 442.145

DMB (commercial kit conditions)

Biological fluids Neu5Ac Neu5Gc HCl 0.01M/80 ◦C/60 min, addition of IS
(Neu5Ac methyl ester)

Ultra IBD column (150 mm × 4.6 mm, 5 �m) formic acid
0.1%.0.5 mL/min, i.v.10 �L

LC/ESI/MS: Positive ESI mode [95]

Carrier gas N2 440 L/h, 180 ◦C, 19 V capillary voltage 3.5 kV
SIM: Neu5Ac m/z 310, Neu5Ac methyl ester m/z 324,
Neu5Gc m/z 326

Biological fluids Neu5Ac Addition of IS (KDN) Guard column LiChrosphere amino propyl (20 mm × 2 mm,
5 �m).

LC/ESI/MS/MS: Negative ESI mode. Nebulizer gas N2.
Collision gas Ar (0.25 Pa) 80 ◦C. 20 V. Capillary voltage 3 kV

[96]

Aqueous ammonia 0.114 g/L:AcN. Gradient elution:
0–2 min 0:100, 2–2.5 min 90:10, 2.5–6 min 90:10,
6–6.1 min 0:100, 6.1–10 min 90:10. 0.3 mL/min i.v. 10 �L

MRM: Neu5Ac m/z 308.3 → m/z 86.9 KDN m/z 267.2 → m/z
86.9 Acquisition: 4–8 min HPLC. i.v. 30 �L

Biological fluids FSA Addition of IS (13C3-SA) Atlantis dC18 (20 mm × 3 mm, 3 �m). Guard column
Atlantis dC18 (100 mm × 3 mm, 3 �m).

LC/ESI/MS/MS: Negative ESI mode. Nebulizer gas N2

100 L/h collision gas Ar (0.003 mbar). 300 ◦C 35 V. Capillary
voltage 3.2 kV

[24]

TSA FSA: Filtration (0.20 �m) Ammonium formate 0.05M (pH 3.0): AcN. MRM: SA m/z 308.2 → m/z 87.0
TSA: H2SO4 0.063M/80 ◦C/60 min Gradient elution: 0–2 min 0:100, 2–2.5 min 0:100,

2.5–2.8 min 100:0, 2.8–6 min 100:0, 6.1–10 min 90:10.
0.3 mL/min, i.v. 10 �L

13C3-SA m/z 311.2 → m/z 90.0. Acquisition: 2-3.7 min HPLC

AcN, acetonitrile, AGC, automatic gain control; DMB, 1,2-diamino-4,5-methylenedioxybenzene; ESI, electrospray ionization; FSA, free sialic acid; FTSM, Fourier transformation ion cyclotron resonance mass spectrometry; i.v.,
injection volume; IS, internal standard; KDN, 2-keto-3-deoxy-d-glycero-d-galactonononic acid; MALDI, matrix assisted laser desorption ionization; MetOH, methanol; MRM, multiple reaction monitoring; SA, sialic acid; SIM,
selected ion monitoring; TOF, time-of-flight; TFA, trifluoroacetic acid; TSA, total sialic acid.



3 cal and

2

t
w

n
T
S
o
(
a
N
p
a
(
t
I
s
s
d
r

a
h
o
c
I
a
y
q
o

m
s
b
1

d
4
a
o
t
1
w
a
a
m
a
(
a

l
s
t
w
y
N
m
t
o

t
t
p
w
fl

52 R. Lacomba et al. / Journal of Pharmaceuti

.2.2. Liquid chromatography
Liquid chromatography (LC) is the most widely used method for

he determination of sialic acid. Such determination can be made
ith or without derivatization.

When the sample is not derivatized, the most common tech-
ique is the ionic pair method with ultraviolet (UV) detection.
he ionic pair method has been described by Spyridiaki and
iskos [35], who optimized the technique for the determination
f Neu5Ac, Neu5Gc, 2-deoxy-2,3-dehydro-N-acetylneuraminic acid
Neu5Ac2en), N-acetyl-9-O-acetylneuraminic acid (Neu5,9Ac2)
nd cytidine 5′-monophospho-N-acetylneuraminic acid (CMP-
ANA) in model dissolution. It performs assay using various ionic
air reagents of a lipophilic nature and positive charged, such
s tetraoctylammonium bromide (TOA-Br), triisopropanolamine
TIP), or triethanolamine (TEA). The reagent of choice is TIP, due
o its superior performance in relation to intensity and separation.
n this case caution with the pH is required (optimum value 3.5),
ince it is a determinant factor. When this method is applied to
erum, urine and saliva [34], only two forms of sialic acid can be
istinguished (Neu5Ac and Neu5Ac2en), and a purification step is
equired to eliminate proteins.

Studies have been published on the determination of sialic
cid linked to glycoproteins, glycoconjugates and glycolipids of
uman serum transferrin and cultured cells (Chinese hamster
vary (CHO) cells and fibroblasts) using high-performance liquid
hromatography–pulse amperometric detection (HPLC–PAD) [32].
n this case, the method is able to differentiate Neu5Ac, Neu5Gc
nd KDN. Caution is required with the solvent used during hydrol-
sis – since it can damage the electrode response – introducing a
uadrupole potential pulsed amperometric device for preservation
f the electrode.

When determination is made after derivatization, the most com-
only used alternative is fluorimetric detection, in view of its

pecificity and selectivity, though derivative compounds can also
e formed which absorb in the UV range (in this case sensitivity is
0-fold lower) [41].

The first derivatization reagent evaluated for HPLC
etermination with fluorimetric detection was 1,2-diamino-
,6-dimethoxybenzene (DDB), for the determination of Neu5Ac
nd Neu5Gc in human serum and urine, with a detection limit
f 12 pmol for both analytes [51]. The same authors improved
he method by changing the fluorimetric reagent from DDB to
,2-diamino-4,5-methylenedioxybenzene (DMB)—a compound
ith superior selectivity and fewer interferences [52]. This method

llows the determination of Neu5Ac and Neu5Gc in human and
nimal sera linked to glycoproteins and glycolipids. In this way,
ethods have been developed for the determination of Neu5Ac

nd Neu5Gc in human apolipoprotein E, using an internal standard
N-propinylneuraminic acid, which is very hard to prepare) [36],
nd in infant formula [37].

The total amounts of Neu5Gc and Neu5Ac in human cells by nano
iquid chromatography-Fourier transformation ion cyclotron mass
pectrometry (nanoLC-FTMS) or nanoLC-MS/MS prior to derivatiza-
ion with DMB were used [53]. In the latter case, the determination
as validated for the two analytes at levels of 7.8–50,000 fmol,

ielding a LOD level of fmoles in the FTMS method (8.6 fmol for
eu5Gc and 5.6 fmol for Neu5Ac), versus pmoles in the MS/MS
ethod. This method has the advantage of its low LOD and the iden-

ification of both sialic acid species with the use of small amounts
f solvents and reagents, versus the fluorimetric method.

Finally, there have been other attempts of determina-

ion involving different derivatization reagents such as p-
oluenesulfonylchloride (Tos-Cl), benzoyl derivatives and O-
henylenediamine (OPD). Derivatization with OPD is briefer than
ith DMB, and the determination can be carried out by UV or
uorescence—the latter being chosen due to its superior sensitivity.
Biomedical Analysis 51 (2010) 346–357

It also can be used for the determination of mono-, di- and tri-
acetylated sialic acids by increasing the derivatization time to 2 h
[41].

The use of derivative methods is currently more often used due
to their high selectivity and sensitivity versus the non-derivative
methods. Furthermore, if MS methods are used, the results obtained
are better, because additional information can be obtained on the
sialic acid moiety—though the treatment is more complex. In con-
trast, derivatization methods pose the inconvenience of prolonged
periods of derivatization and higher costs. Mention must be made of
the fact that while many methods have been described for biological
samples, few have been published for dairy products.

Tables 2 and 3 show the conditions of sialic acid determination
by HPLC methods with or without derivatization.

2.2.3. Gas chromatography
Gas chromatography (GC) coupled MS originally has been used

for the characterization of glycosidic linkages and O-substituted
neuraminic acids after derivatization. Zanetta et al. [40] developed
a very useful determination of sialic acid in standard solutions
and biological fluids (horse serum and bovine, ovine and equine
submandibular gland mucin) via GC/MS electron impact mode by
methyl esterification using diazomethane in the presence of anhy-
drous methanol and the formation of volatile derivatives using
heptafluorobutyric anhydride. This method is capable of distin-
guishing a large number of sialic acids, including O-acylated forms
of Neu5Ac, Neu5Gc and KDN, 8-O-methylated and 8-O-sulfated
derivatives and 1,7-sialic acid lactones. In a later study [54], the
same group developed minor modifications of the method for the
determination of monosaccharides, fatty acids and amino acid com-
position in human mucin and human uromodulin. In this method
the sample remains in the same reaction vessel, and following the
analysis of sialic acids by GC/MS, some acid-catalyzed methanolysis
steps are added, followed by the formation of heptafluorobutyrate
derivatives, which are measured by GC/MS under the same chro-
matographic conditions. This can be done due to the great stability
of the derivative compounds formed with the heptafluorobutyric
anhydride.

2.2.4. MALDI-TOF-MS
Sialic acid polymers using matrix assisted laser desorp-

tion ionisation-time-of-flight-MS (MALDI-TOF-MS), following acid
hydrolysis with TFA, DMB as derivative reagent and on-target lac-
tonization, were determined in purified capsular polysaccharide
from N. meningitidis NmC and E. coli K1, in comparison with HPLC
[42]. This technique determined the length of the polymeric chain
and distinguished between �-2-8- and �-2-9-linked oligo- and
polysialic acids (up to 40–50 sialic acid residues), due to their dif-
fering lactonization characteristics.

2.2.5. Amperometric methods
Recently, a method has been developed and discussed for the

determination of sialic acid using an amperometric biosensor via
the measurement of hydrogen peroxide [55]. This method has been
optimized and applied to biological samples (human sera), with
a LOD of 0.01 mM, reproducibility with RSD of 2.3%, and lineal
response to 3.5 mM.

This method shows some advantages, such as simple prepara-
tion of the sample (direct if the objective is to measure free sialic
acid), low cost and high selectivity and sensitivity—though with the
disadvantage of only measuring small amounts of sialic acid (up to

3.5 mM).

2.2.6. Electromigration methods
This technique, and especially capillary zone electrophoresis

(CZE), is one of the most widely used for the determination of the
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tructure and analysis of carbohydrates. Its application to sialic acid
etermination is therefore easy to understand.

In a recent study, Ortner and Buchberger [39] developed a
imple, quick and reproducible method for the determination of
eu5Ac and Neu5Gc in human serum and standard glycopro-

eins by CZE-MS, using acetaminophen as internal standard. The
ombination of CZE and MS detection allows the quantitative
nalysis of these compounds without interferences from matrix
ompounds within a linear range (10–100 �g/ml), and with a LOD
f 2 �g/ml.

. Gangliosides

.1. Extraction, isolation and purification of gangliosides

The first and most commonly used method for the extraction,
solation and purification of gangliosides is that described by Folch
t al. [56] in animal tissues (brain). The first step is extraction of
he total lipidic fraction using chloroform and methanol in different
roportions. In a second step, gangliosides are isolated and purified

rom this fraction by a partition method with a salt in the aqueous
hase. This basic procedure has received modifications over time,
ith the purpose of improving and adapting it to the target matrix.

Some authors [61] have developed methods for animal tissues
nd/or fluids, while others [45,62] have focused their research on
airy products and infant formulas. Table 4 presents the methods
f extraction, isolation and purification of gangliosides in biological
amples and dairy products.

The modification of Folch’s method [56] developed by Suzuki
57] in brain and extraneural tissues—where gangliosides are
solated from the lipid extract through extractions with aque-
us salt solution (NaCl or KCl), chloroform:methanol:aqueous salt
NaCl or KCl) and chloroform:methanol:water, and are purified by
yophilization followed by cold dialysis front distilled water—offers
etter ratios of isolation of total gangliosides, although the extrac-
ion of less polar gangliosides is not quantitative—this being an
mportant fact if the matrix consists of extraneural tissue, where
uch gangliosides are abundant. A method for gangliosides extrac-
ion from brain, based on the use of tetrahydrofurane (THF) in a
uffered medium (pH 6.8) has been developed [58]. This method
ffers greater gangliosides extraction, though with phospholipid
ontamination that is higher as well. On the other hand, the method
escribed by Svennerholm and Fredman [59], based on Folch’s tech-
ique [56], yields better brain ganglioside extraction than the use
f THF, but is not superior to Suzuki’s method [57]. Furthermore,
he use of this method requires a large amount of sample, which
n some cases may pose an inconvenience. Accordingly, this is the
east useful method.

In biological fluids, where the total amount of gangliosides is
ery low (in the order of 10 times less than in biological tis-
ue), or when only small amounts of sample are available, more
ffective elimination of interferences is required. In plasma, purifi-
ation is proposed through the sequential use of partitioning in
olvents, DEAE-Sephadex chromatography, base treatment and sili-
ic acid chromatography—eliminating dipolar ions or uncharged
olecules, sulfatides, free fatty acids and protein [60]. In addition,

uch purification is useful when evaluating the fatty acid composi-
ion of gangliosides. The method developed by Ladisch and Gillard
61] in biological tissue and fluids, incorporating the novel purifi-
ation procedure involving partition of the total lipid extract in

iisopropyl ether/1-butanol/aqueous NaCl, yields the same gan-
lioside recoveries as other aforementioned methods [58,59], with
reater recoveries than those reported by Yu and Ledeen [60]. It is
herefore the method of choice for samples with important inter-
erences and a low ganglioside content.
d Biomedical Analysis 51 (2010) 346–357 353

As regards dairy products, due to their complex composi-
tion, high fat content and gangliosides located in the membrane
surrounding fat globules, more complex lipid extraction is
required (acetone/chloroform:methanol in different proportions)
[45,62,63].

3.2. Determination of gangliosides

Total gangliosides could be quantified in isolated and purified
fraction determining the sialic acids content (see Section 2.2)—the
results being expressed as lipid bound sialic acid (LBSA) [45,63].

Regardless of whether the objective is the identification and/or
quantification of individual gangliosides, a separation method is
required. The methods described in the literature are separation
by thin layer chromatography (TLC) or high-performance thin layer
chromatography (HPTLC), and LC.

3.2.1. TLC/HPTLC
The TLC method is the classical technique, and is the most widely

used option [64]. At present, HPTLC plates of silica 60 are used; they
offer great resolution for the separation of gangliosides. Plastic and
glass backed plates are used because staining is often done with
resorcinol–HCl, and aluminum plates are unable to resist the acid
conditions. For the application of samples, an amount of 5–10 �g of
LBSA is recommended.

Regarding the developing solvents, there is a general mixture of
CHCl3:MetOH:0.2% CaCl2 (55:45:5, v/v/v) that offers good repro-
ducibility and is able to separate the most important gangliosides
(GM3 and GD3). It is even able to separate one same ganglioside
based on its fatty acid and sphingoid base composition [65]. For
example, in bovine milk, under these conditions, the bottom band
of GD3 containing short chain fatty acids, and the upper band
containing long chain fatty acids, are resolved in a double band.
To differentiate between sialic acids (Neu5Ac and Neu5Gc) con-
tained in the gangliosides, development with NH4OH (1–5 M) in
the aqueous phase could be done [62]. Once the TLC/HPTLC plate is
developed, gangliosides are separated on it from the most polar to
the least polar (beginning from the bottom).

3.2.1.1. Classical determination methods. Historically, the first
reagent used for staining was orcinol, because it reacts with sug-
ars bonded to lipids, yielding pink-violet stains; the inconvenience
is that it is not a specific reaction for gangliosides [66]. Svenner-
holm [67] improved the detection by using resorcinol (see Section
2.2), which generates a violet-blue color after incubation for 15 min
at 100 ◦C, and is the most specific and sensitive reagent used as a
result of this feature. Neutral and sulfated gangliosides generate a
yellow-brown color. Gangliosides could be identified by compari-
son running standard mixtures from bovine brain or other species
or tissues [45]. Once the plate is stained with a color reagent, and
with a view to quantification, optic densitometric measures could
be made using a densitometer at 580 nm (Ando et al. [68] reported
a linear relationship in the range of 0.09–10 nmol). This technique
is reproducible, simple and rapid for ganglioside determination in
animal tissues [69], and has even been used to determine ganglio-
sides (GM1, GM2, GM3, GD1a, GD1b and GT1b) of cell lines [70] and
GM3, GD3 and GT3 contents in dairy products such as bovine milk
[62] or infant formulas [45]. Another possibility is the quantification
by computer-assisted image densitometry after two-dimensional
HPTLC, where the image is acquired by an image analyzer over

the resorcinol stained plate and processed by computer software,
allowing the determination of GM3, GM1a, GD3 and GD1a with a linear
response (r > 0.99) between 0.01 nmol and 5 nmol. Optic densitom-
etry yields more accurate and sensitive results than video image
densitometry [71].
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Table 4
Gangliosides in biological samples or dairy products: methods of extraction and isolation.

Matrix Lipid extraction Isolation/Purification Ref.

Brain tissue CHCl3:MetOH 2:1/homogenization/filtration in fat-free paper or sintered glass
funnel

Mixing thoroughly with water, or CaCl2 0.04%, or MgCl2 0.034%, or NaCl 0.58%,
or KCl 0.74%/centrifugation

[56]

Removing upper phase
CHCl3:MetOH:water, or salt solution 3:48:47 (×3)/CHCl3:MetOH 2:1

K2HPO4–KH2PO4 0.01M (pH 6.8)/THF (1:8)/centrifugation (12,000× g 15 ◦C
10 min)

Ethyl ether/centrifugation/water/centrifugation [58]

K2HPO4–KH2PO4 0.01M (pH 6.8):THF (1:4) (×3) Combined aqueous phase, cold dialyzation front distilled water (2–3 days)
CHCl3:MetOH:water (4:8:3) (×2) MetOH/KCl 0.01M/low speed centrifugation (×2) [59]
CHCl3:MetOH:water (4:8:5.6) Cold dialyzation front distilled water (2–3 days)

Brain and extraneural
tissue

(a) Fresh tissue: CHCl3:MetOH (2:1) mechanical homogenization (5 min) KCl 0.1M, or NaCl 0.1M/low speed centrifugation/set aside upper phase [57]
(b) Dried samples: water addition/0 ◦C/filtration in fat-free
paper/CHCl3:MetOH (1:2) with 5% water filtration in fat-free paper

CHCl3:MetOH:NaCl 0.58%, or KCl 0.74% (3:48:47)/vigorously
mixing/centrifugation/set aside upper phase

Redissolution: CHCl3 until CHCl3:MetOH (2:1) reached or
dryness/CHCl3:MetOH (2:1)

CHCl3:MetOH:water (3:48:47)/centrifugation/set aside upper phase

Combined upper phases reduced to half volume by rotary
evaporation/lyophilization/water reconstitution/dialyzation front distilled
water (1–2 days, 4 ◦C)

Animal tissue and
fluids

(a) CHCl3:MetOH (1:1)/evaporation/cooling
(−20 ◦C)/centrifugation/dryness (N2)

DIPE:1-ButOH (6:4)/vortexing/sonication/NaCl
50 mM/vortexing/sonication/centrifugation (750 g 10 min) (×2)

[61]

Lyophilization aqueous phase
(b) CHCl3:MetOH:water (4:8:3) or THF:K2HPO4–KH2PO4

0.01M (pH 6.8) (1:4)/dryness/redissolution in
CHCl3:MetOH (1:1)/centrifugation/dryness (N2)

Redissolution in distilled water/sonication/Sephadex G-50
Elution with deionised double distilled water (aliquot 206 nm)/lyophilization
Redissolution in CHCl3:MetOH (1:1)/sonication/centrifugation

Bovine milk Lyophilized sample/cold acetone (−20 ◦C) washing Folch partition [62]
Extraction solid residue CHCl3:MetOH (2:1, 1:2,
1:1)/dryness

Redissolution water/dialyzation front distilled water (5 days, 4 ◦C)
Lyophilization/redissolution CHCl3:MetOH:water (60:30:4.5)

Infant formula Redissolution CHCl3:MetOH (2:1) [45]

1-ButOH, 1-butanol; DIPE, diisopropyl ether; MetOH, methanol; THF, tetrahydrofuran.
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Another spectrophotometric approach was developed using flu-
rescence [72]. Spraying hydrochloric acid (18%) over the developed
LC stains gangliosides (GM1, GD1a, GT1b) with fluorescence under
65 nm UV light. Image analysis is used for quantification; the

ntensity of the bands is proportional to the concentration of gan-
liosides (r = 0.997) ranging from 0.047 nmol to 4.5 nmol.

A review [64] on HPTLC as an analytical and preparative tech-
ique for the analysis of gangliosides includes aspects such as
ontinuous and multiple development, the overlay technique and
ombination with other techniques such as MS.

Because the polarity of a ganglioside is determined by its fatty
cid composition and sphingoid base, and samples and standards
ay differ in their composition, the same ganglioside does not

lways run in the same way. The development of the so-called
verlay techniques is also useful in identifying gangliosides. Since
hese may be receptors for viruses, bacteria and cells, their iden-
ification using TLC plates involves the use of antibodies, various
oxins, lectins and other proteins, as well as related compounds.
hese techniques begin with pretreatment of the developed plate,
lasticizing the plate with polyisobutylmethacrylate, and prevent-

ng possible flaking of silica gel in the forwards steps of incubation
nd wash. Then, the plate is overlayed with the primary agent (anti-
ody, toxin, etc.), incubated, washed, overlayed with a secondary
gent if necessary (e.g., secondary labeled antibody), washed again
nd dried for autoradiography on X-ray film or revealed with the
dequate reagent (e.g., enzymatic assays) [73–75].

Methods have been developed using specific antibodies against
ome gangliosides (GM1, GM2, GM4, GD1a, GD3, O-Acetyl-GD3, GT1a,
T1b, polysialogangliosides). A variety of monoclonal antibodies

ecognize specific types of sialic acid and linkages, but typically
nly in the context of specific underlying sugar chains; in some
ases, polyclonal antibodies have been generated that can recog-
ize a specific type of sialic acid [24,76]. In some cases enzymatic
odifications are required (e.g., neuraminidase) to eliminate steric

indrance of sialic acid prior to antibody assay [28].
It has been demonstrated that ganglioside GM1 links specifically

o the cholera toxin [77]. For different gangliosides (GM1, GD1a, GD1b
nd GT1b) present in neuro-2A neuroblastoma and PC12 pheochro-
ocytoma cells, the method is adapted with prior V. cholerae

euraminidase treatment before the reaction occurs [28].
Viruses such as Influenza C for 9-O-acetyl-GD3 [78] or BK virus

or GD1b, GT1b [79] and bacteria, e.g., E. coli for GM3 and GD3 [63],
an act in a way similar to toxins. As a result, they also can act as
pecific reagents in view of their specificity.

Due to the nature of lectins, which are carbohydrate-binding
roteins, they also can act as agents for the identification of gan-
liosides [80].

.2.1.2. Mass spectroscopy determination. MS allows the identifi-
ation and quantification of gangliosides from TLC/HPTLC plates.
lthough the sensitivity of this method is less than that of
LC/HPTLC-immunostaining, both can be used on a complemen-
ary basis for the determination of gangliosides in TLC—offering
he advantage of generating structural information on the ceramide

oiety, polysaccharide chains and fatty acids [81]. The advantage
f TLC-fast atom bombardment (FAB)-MS in relation to FAB-MS
ombined with GC, LC or supercritical-fluid chromatography is the
otential for direct comparison with the results from the overlay
f biological reactions. TLC-FAB-MS may be highly informative and
ime-saving, although conditions are still needed for the desorp-
ion of larger molecules, to increase sensitivity, and to minimize

ontamination of the ion source by the matrix. It is especially use-
ul for the identification of mixtures of products formed by chemical

odifications of known receptor-active glycolipids, and most of the
redicted products may be identified and compared with overlay
esults [82].
d Biomedical Analysis 51 (2010) 346–357 355

In the classical FAB-MS methods, glycosphingolipids must be
scraped from TLC before analysis. Such methods have been applied
to the determination of GM1 in model systems [83]. Karlsson et
al. [82] demonstrated that glycolipids with identical carbohydrate
sequences were well resolved into molecular species with differ-
ences in long-chain base and fatty acids by TLC/HPTLC coupled
FAB-MS, separating sulfatides, GM3 and GgOse4Cer of human tis-
sues.

However, analysis by FAB-MS can be made directly over
TLC/HPTLC development with aluminum- or plastic-backed silica
gel plates and nondestructive localization [64,84], where the plate
is cut, added with a small volume of methanol and matrix liquid,
and introduced into the probe tip.

The main inconvenience of MS in relation to gangliosides is the
ease with which the molecule can be destroyed during ionization.
MALDI-TOF has been adapted to make measures over the plate
without scraping the silica. In this sense, ganglioside GM3 has been
determined from CHO cells by IR-MALDI-orthogonal-TOF-MS. The
plates are pretreated with glycerol to create a homogenous medium
where ionization is not affected by the irregularities of the silica sur-
face and gangliosides do not suffer rupture during the ionization
process. In negative mode, they yield a very low degree of ganglio-
side fragmentation, great precision, and the main ions detected are
the deprotonated species of gangliosides and some adducts with
glycerol and NaCl. In positive mode, more remnants of sialic acids
dissociated from the gangliosides are generated, though precision
is also good. With this method, GM3 could be quantified (above
0.05 �g) by a calibration curve (from 0.05 �g to 5 �g) obtained from
the intensity of the signal for fatty acid C16:0 [M−H]− divided by
the intensity of the signal of the main matrix ion [G3Na], versus the
concentration of GM3 [85].

The same technique has been used directly coupled to a
immunostained/overlayed TLC [86] for tracing tumor-associated
glycosphingolipids in hepatocellular and pancreatic cancer, detect-
ing GM3, GM1, GD1a, GD1b and GT1b. The advantages are that the
procedure works on a nanogram scale and with a LOD of less than
1 ng.

Another MALDI method avoiding the problem of fragmentation
of gangliosides during the desorption phase has been developed. A
first evaluation involved high pressure MALDI-FTIC-MS and a vibra-
tional cooling system for thermal stabilization of labile molecules
in general (small peptides and oxidized �-chain of insulin) [87].
This method was applied to the determination of GM1, GD1a, GT1b,
GQ1b and GP1b,1c standard solutions [88]. Increasing the pressure in
the MALDI source (1–10 mbar) during desorption, the authors were
able to control fragmentation, avoiding even the sialic acid loss,
and they added a cooling system for controlling adduct formation
during ionization.

In posterior studies [89,90], the aforementioned methodology
was applied to standards and mixtures of bovine brain gangliosides
(GM1, GM2, GD2, GD1a, GD1b, GT1b, GD3) directly coupling TLC with
MALDI-FTIC-MS, resulting in great resolution and a detection limit
of approximately 100 fmol.

3.2.2. Liquid chromatography–mass spectrometry
An LC/ESI-MS/MS technique was developed and validated for the

quantitative determination of gangliosides GD3 and GM3 in bovine
milk and infant formulas. The repeatability was less than 5% for GD3
and 14% for GM3, and the recoveries ranged from 83% to 87% [91].
4. Conclusions

Spectrophotometric methods remain useful not only for quanti-
fying sialic acids in biological samples, but also for total ganglioside
determination—the results being expressed as lipid bound sialic
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cid. Chromatographic techniques allow differentiation of the two
rincipal sialic acid structures (Neu5Ac, Neu5Gc)—this being of

nterest not only for determining the origin of dairy products but
lso for detecting alterations in sialic acid metabolism in the clinical
etting (early diagnosis of cancer).

Gangliosides determination in biological samples and dairy
roducts requires long and tedious sample preparation (extraction,

solation and purification); this is the most critical step, since it is
undamentally responsible for the observed losses, and the elim-
nation of all sources of interference (mainly phospholipids and
eramides) is difficult.

TLC/HPTLC remains the most important separating technique for
he identification and/or quantification of individual gangliosides.
mong the overlay techniques, immunostaining is the most useful

or identifying gangliosides, while quantification is carried out by
pectrophotometry and MALDI-TOF. The latter is the technique of
hoice, thanks to its specificity, greater sensitivity and capacity to
enerate structural information.

Future trends in ganglioside determination point to the use
f mass spectrometry techniques for elucidating all the moieties
hat conform gangliosides, sugar chain, the fatty acids and sph-
ngoid base, and which regulate their biological action. This is of
nterest for diagnostic purposes (diseases related to the accumula-
ion or depletion of certain gangliosides—Guillain–Barré syndrome,
andhoff–Jatzkewitz disease, lead poisoning, etc.).
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