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Sialic acid and sialidase activity in acute
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Abstract. Stroke is a heterogeneous syndrome caused by multiple disease mechanisms, resulting in a disruption of cerebral blood
flow with subsequent tissue damage. It is well known that erythrocytes have a large amount of sialic acid and could represent a
model to investigate changes occurring in a pathology like stroke. The aim of this study was to investigate a possible relationship
among erythrocyte membrane, plasma and sialic acid content. The possible impact of the sialic acid content and the activity of
sialidase on stroke severity was also evaluated.
The study population consisted of 54 patients with a first stroke and of 53 age-and sex matched healthy volunteers.
The total bound sialic acid was substantially decreased in patients. There was a significant correlation between the sialidase
activity values and the severity of the neurological deficit defined by the National Institute of Health Stroke Scale.
This study shows that low sialic acid erythrocyte concentrations with contemporary high sialic acid plasma levels and elevated
sialidase activity can be considered as markers of ischemic stroke. Further investigations are needed to clarify the possible role
of these biochemical changes in producing and sustaining cerebral ischemic damage.
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1. Introduction
Erythrocyte aggregation is one of the main determinants influencing blood circulation at low shear rates by
increasing blood viscosity and inducing “sludging” in
the capillary bed. Aggregation of red blood cells (RBC)
is a reversible process that occurs when the bridging
force due to the adsorption of macromolecules onto
adjacent cell surface exceeds the disaggregation forces
caused by electrostatic repulsion, membrane strain, and
mechanical shearing. An increase in erythrocyte membrane aggregation was found to be associated with cardiovascular risk factors such as diabetes, hypertension,
and hyperlipoproteinemia, and in clinical situations
such as myocardial ischemia, thromboembolic states,
and retinal venous occlusion [1].
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Sialic acid (SA) refers generically to acetylated
derivatives of neuraminic acid that are present in both
lipoproteins and glycolipids found in plasma and in
cellular membranes [2]. Sialic acids are constituents
of acute phase proteins and are highly concentrated in
the surface of vascular endothelium [3]. The sialic acid
content of cellular membranes may account for up to
50% of the negative charge of the cell surface, suggesting a key role in the maintenance of cellular integrity. The sialic acid content of lipoproteins and erythrocytes also confers surface electronegativity, important
for physiological function [1,2]. The role of sialic acid
in the pathogenesis of atherosclerosis and as a predictor
of cardiovascular events has attracted much attention.
SA is a N-acetylated derivative of neuraminic acid
that is an abundant terminal monosaccharide of glycoconjugates. Normal human serum SA is largely bound
to glycoproteins or glycolipids, with small amounts
of free SA [4]. Negatively charged SA units stabilize glycoprotein conformation in cell surface receptors
to increase cell rigidity. This enables signal recogni-
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tion and adhesion to ligands, antibodies, enzymes and
microbes [5]. SA residues are antigenic determinant
residues in carbohydrate chains of glycolipids and glycoproteins [4], chemical messengers in tissue and body
fluids, and may regulate glomeruli basement membrane
permeability [2]. Studies have shown an association
between serum SA and cardiovascular mortality in the
general population [6,7]. However, the mechanisms
underlying this are unknown. In healthy arteries, sialic
acids contribute to the overall net negative charge of
vascular endothelial cells and low density lipoprotein
(LDL) surface receptors [2]. It has also been reported
that a reduced SA content of LDL has a greater propensity to form aggregates that are readily taken up by
smooth muscle cells [8,9], suggesting that a low sialic
acid content of LDL may be atherogenic. SA is an
acute-phase reactant by itself and moieties are found
also at terminal oligosaccharide chains of acute phase
proteins [10,11]. Serum SA has been proposed as a
marker of an acute-phase response in CVD.
It has recently been reported that sialic acid levels
rise in myocardial infarction [12,13] and in different
inflammatory disorders [5]. It is well known that the
activation of the coagulation system is closely associated with the development thrombotic episodes in the
evolution of acute ischemic stroke. The presence of
blood factors that reflect enhanced thrombogenic activity, would not only be associated with thrombotic
process but also with atherogenesis and inflammatory
process. Sialidase, is a very common enzyme that hydrolyzed terminal sialic acid residues on polysaccharide chains, most often exposing a galactose residue.
This enzyme is present in the erythrocytes, as opposed
to other cell types. It is well known that erythrocytes
have a large amount of sialic acid and could represent a
model to investigate the changes occurs in a pathology
like stroke [14].
The aim of this study was to investigate a possible
relationship among erythrocyte membrane, plasma and
sialic acid content. The possible impact of the sialic acid content and the activity of sialidase on stroke
severity was also evaluated. Moreover the study was
performed to asses changes in sialidase activity in patients with recent onset stroke in red blood cells.

2. Material and methods
Patients (n = 114) admitted to the Stroke Unit of the
Department of Neuroscience of Polytechnic University

of Marche, between May 2005 and November 2006,
were initially recruited in the study.
Admission criterion was the presence of a clinical
syndrome suggestive of a large artery involvement [15].
All recruited subjects gave informed consent prior to
the drawing of peripheral venous blood; the study was
performed in accordance with Declaration of Helsinki
as revised in 2001 and the study was approved by the
Institutional Review Board of the University.
The diagnosis of stroke was based on a focal neurological deficit that lasted for a least 24 hours [16].
The diagnosis of ischemic stroke was then confirmed
through CT scan within 12 hours from stroke onset.
The exclusion criteria were as follows: hemorrhagic lesion in computed tomography (CT scan) (24 patients); transient ischemic attack or TIA (9 patients whit
neurological deficit lasting < 24 hours); a history of
chronic liver disease (5 patients); chronic renal disease
(6 patients), neoplastic disease (4 patients), cardioembolic stroke (12 patients).
Thus, the study population consisted of 54 patients
with large-artery stroke (16 women, 38 men, mean age:
70.9 ± 13.7 and 68.9 ± 16.3 respectively) which did not
undergo previous cerebrovascular diseases. The control group consisted of 53 age-and sex matched healthy
volunteers (20 women, 33 men, mean age: 71.2 ±
16.8 and 69.3 ± 17.4 respectively), which presented
a negative anamnesis for past ischemic stroke or TIA.
Further, all these subjects were submitted to a careful clinical evaluation, electrocardiogram, haematological screeningand ultrasonographic evaluation of neck
arterial vessels to exclude the presence of neoplastic,
inflammatory and atherosclerotic conditions.
In patients, the severity of the neurological deficit on
admission was assessed using the National Institute of
Health stroke scale (NIHSS) [17]. The venous samples were performed at entry before the administration
of any medication; different measurements were made
only on samples with confirmed diagnosis of ischemic
stroke. The venous samples were performed at entry
within 12 h from symptoms onset and prior of any drug
administration.
In each sample, sialic acid levels both in plasma and
in erythrocyte were determined. Moreover sialidase
activity in erythrocyte were determined. Plasma was
obtained through a centrifuged for 15 min at 200 ×
g. Plasma samples were immediately stored at −80 ◦C
after withdrawal.
2.1. Erythrocyte membrane preparation
Heparinized blood samples (10 mL) collected after overnight fasting were centrifuged (4,500 × g)
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to remove plasma. RBCs were washed twice with
NaC1 0.9% isotonic solution, lysed hypotonically in
5 mmol/L ice-cold phosphate buffer solution (pH 8),
and processed in a Kontron (Milano, Italy) centrifuge
at 20,000 × g. The resulting membranes were washed
with phosphate buffer of decreasing molarity to completely remove the haemoglobin. The membrane yield
was similar in all groups studied (∼2 µg membrane
proteins) [18].
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2.4. Statistical analysis
Statistical analysis was performed using the SAS
statistical package (Statistical Analysis System Institute, Cary, NC). All experiments were carried out in
duplicate and were repeated three times. Data were
compared using unpaired Student’s t-test. Correlations
were performed by using Pearson’s coefficient. All
values were reported as mean ± SD. Significance was
established at the level of p < 0.05.

2.2. Determination of SA content
SA content of RBC membranes was determined by
the periodate thiobarbituric acid method of Denny et
al. [19].
Briefly, membranes (1 mg membrane proteins/mL)
were first hydrolyzed in 0.05-mol/L I-I2SO 4 in a final
volume of 0.1 mL for 1 hour at 80 ◦ C to release SA [20].
Both standards and samples were incubated with
0.25 mL periodate solution (0.025 mol/L periodic acid
in 0.25 mol/L HCI) at 37 ◦ C for 30 minutes. After reduction of excess periodate with 0.25 mL 0.32
mol/L sodium thiosulfate, the reaction was completed
by addition of 1.25 mL 0.1-mol/L thiobarbituric acid.
The samples were heated at 100 ◦ C for 15 minutes and
cooled to room temperature. The product was extracted
with acidic butanol and colorimetrically assayed with
a spectrophotometer at 549 nm.
Protein content was determined by Bradford method
to normalize the sialic acid content using crystalline
BSA as the standard [21].
The total plasma sialic acid (TSA) level was measured by a colorimetric assay for a commercial enzymatic kit (Sialic acid Farbtest, Boehringer Mannheim,
Germany).

3. Results
The content of sialic acid in red blood cells was
significantly decreased in patients with respect to controls (34.82 ± 1.95 µgAS/mgprot vs 45.92 ± 2.87
µgAS/mgprot, p < 0.001) (Fig. 1A). Moreover content of sialic acid in plasma was significantly increased in patients compared to controls (82.33 ± 6.77
µgAS/mgprot vs 70.75 ± 8.92 µgAS/mgprot, p <
0.001) (Fig. 1A). Sialidase enzyme activity in red blood
cells of patients was significantly increased in respect
to controls (15.03 ± 1.92 mU/mL vs 6.00 ± 0.65
mU/mL, p < 0.001) (Fig.1B). As a consequence, the
total bound sialic acid was substantially decreased in
patients. Moreover there was a significant positive correlation between the sialidase activity values and the
severity of the neurological deficit defined with the
NIHSS score (p < 0.001 r = 0.834) (Fig. 2). It has
been found a significant positive correlation between
sialic acid plasma level and NIHSS (p < 0.001 r =
0.832) (Fig. 3). It has been highlighted no differences
in gender in sialic acid levels and sialidase activity.

2.3. Enzyme assays

4. Discussion

The assays of resealed membrane sialidases obtained
from control and patients erythrocytes were routinely determined by fluorimetric methods [22]. The assay mixtures, containing in a final volume of 0.1 mL,
50 mM citric acid-sodium phosphate buffer (at established optimal pH), 0.15 M NaCl, 0.6 mM MU-NeuAc
(optimum concentration), 10 to 60 µg protein of enzyme preparation, and 0.6 mg albumin, were incubated
for up to 30 minutes at 37 ◦ C. The blank mixtures consisted of the incubation mixtures lacking the enzyme
preparation. Enzyme activities were expressed as units
(U), ie, the amount of enzyme that liberates 1 µM of
product per minute at 37 ◦ C under optimal conditions.

Sialic acid plays a central role in the functioning
of biological systems, being commonly positioned at
the terminal positions of complex carbohydrates. Free
SA is poorly present in organisms – SA occurs mainly at terminal positions of glycoprotein and glycolipid
oligosaccharide side-chains [2].
Since cell surfaces and membrane components play
a prominent role in neoplastic behaviour, neoplasms
often have an increased concentration of sialic acid on
the tumor cell surface, and sialoglycolipids are secreted
by some of these cells, increasing their concentrations
in blood [23]. On the other hand, since as integral
parts of the cell membrane, the gangliosides or sialic
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Fig. 1. (A) Sialic acid levels in controls (C, white column) and in patients (P, black column) with acute stroke both in red blood cells and in
plasma. Means ± standard deviations are shown p < 0.001. (B) Sialidase activity in controls (C, white column) and in patients (P, black column)
with acute stroke in red blood cells. Means ± standard deviations are shown p < 0.001.

acid may play a controlling role in the process of cellto-cell recognition and in the feedback growth inhibition, and hence the carbohydrate moiety may influence
growth and cell-to-cell interaction and thus may be of
importance in the development of this disease [23].
Increased sialic acid concentrations have been reported during inflammatory processes [2] in serum and
in plasma. In addition, in previous study, the sialic acid
level it has been shown to be correlated with the presence of carotid atherosclerosis, independently of major
cardiovascular disease risk factor [24].
There is considerable evidence that serum sialic acid
rises during acute phase response such as after a myocardial infarction and it is higher in people with established cardiovascular disease [25]. In previous studies, there is mounting evidence that serum sialic acid
is a marker of both atherosclerosis and progression of
atherosclerosis [26]. This means that serum sialic acid
is raised in people who have sub-clinical disease and/or

more rapid progression of atherosclerosis and therefore
explains any association with future events in people
who are currently clinically free of disease. The increase in total serum sialic acid reflects increased sialylation of glycoproteins or glycolipids due to increased
sialyltransferase activity, and/or increased secretion of
sialic acid from cell membranes due to elevated sialidase activity. The activity of these enzymes is increased
in atherosclerosis [27].
The previously reported data, raise the hypothesis
that investigating SA functions could help to gain insights into molecular nature of many physiological and
pathophysiological pathways; in fact, the mechanisms
underlying the elevated SA concentrations in plasma
and the diminished values in erythrocyte, in different
diseases, are still not clear.
The present study confirms, on stroke, the results obtained in previous research regarding sialic acid level in
other pathologies. Moreover, this study extends previ-
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Fig. 2. Correlation between erythrocytes sialidase activity and the severity of the neurological deficit on admission using the National Institute
of Health stroke scale (NIHSS).
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Fig. 3. Correlation between plasmatic sialic acid level and the severity of the neurological deficit on admission using the National Institute of
Health stroke scale (NIHSS).

ous investigations showing a positive relation between
erythrocytes sialidase activity and the severity of the
neurological deficit after stroke.
In patients with stroke, the marked observed increase
of the sialidase, the only form of enzyme responsible for
the release of sialic acid from endogenous sialoderivatives, present either at the erythrocyte membrane or in
the plasma [22,23], is likely responsible for the lower
sialic acid content (40%) found in erythrocyte membranes of these subjects. At the same time, the sialidase is responsible of the significant increase of SA in

plasma of the same subjects. Thus, the observed enhanced sialidase activity leads to the detachment of sialic groups positioned at the non-reducing end of complex carbohydrates in erythrocyte membranes, and to
the consequent increase of free SA levels in plasma. In
this way, negative charge of the cell surface results decreased, leading to a lost of cellular integrity. The decrease of sialic acid content of erythrocytes causes also
a lost of physiological function, as our group have been
demonstrated in previous study [28], that can be related
to the pathophysiology and the severity of stroke.
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At this point it is important to remember that the sialidase is present in a “cryptic” form [29,30]. Therefore,
it may be suggested that its activity could be unmasked
when major changes of the membrane enzymes and
proteins occur, especially as a consequence of specific physiologic events involving certain domains of the
erythrocyte membrane such as vesiculation processes [31,32].
In the acute phase of ischemic stroke, an activation
both coagulation and inflammation systems occurs. In
a longer period following the acute event, an increased
thrombogenic activity can be detected. The presence
of a correlation between NIHSS score and sialidase reflects the importance of this enzyme activity as a potential contributor to cerebral ischemic damage. A possible explanation of these findings is that the erythrocyte sialic acid concentration may reflect the existence
or the activity of a thrombotic process, and this may
warrant further investigation.
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