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SIALIC ACID IN CARDIOVASCULAR DISEASES
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ABSTRACT

Sialic acid, the acylated derivatives of 9-carbon sugar neuraminic acid, present as terminal
component of oligosaccharide chains of many glycoproteins and glycolipids, has been recognized
to be involved in the regulation of a great variety of biological phenomena. Studies have shown
that serum sialic acid predicts both coronary heart disease and stroke mortality and reflects the
existence or activity of an atherosclerotic process. Most of the studies have shown an elevation
in serum sialic acid concentration in coronary heart disease and a positive correlation between
the raised serum sialic acid and the severity of the coronary lesions is observed. However, a few
contradictory reports are also available. Racial differences in serum sialic acid have also been
reported and correlated with international differences in the prevalence of atherosclerosis. Reduced
sialic acid content of platelets, erythrocytes and lipoproteins may play important role in the
pathogenesis of atherosclerosis. Elucidation of the mechanism of alternation in sialic acid
concentration may throw more light on its potential clinical utility. Hence more studies are needed

to designate sialic acid as a cardiovascular risk factor / marker.
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INTRODUCTION

Cardiovascular diseases are mainly caused by
atherosclerosis and the pathophysiology of
atherosclerosis is a complicated process governed by
several risk factors. Enormous progress in our
understanding this complicated process has been
made in recent years and some new risk factors /
markers have shown their relevance in this area.

Interest in the role played by sialic acid in the
pathogenesis of atherosclerosis and as a predictor of
cardiovascular events has rapidly increased in recent
years especially since it has been shown to be a
strong predictor of both coronary heart disease (CHD)
and stroke mortality and reflector of the existence or
activity of an atherosclerotic process (1, 2).
Thereafter, many studies showed that serum sialic
acid were elevated in cardiovascular disease (3 - 11).
The sialic acid content of platelet, erythrocyte (RBC)
and low density lipoprotein (LDL) has also been shown
to play important role in the development of
atherosclerotic complications (12, 13, 14). This review
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gives an account of the role played by sialic acid in
cardiovascular diseases and highlights the areas
where more studies are needed to establish the
relevance of this biochemical parameter as a
cardiovascular risk factor / marker.

WHAT SIALIC ACID IS

Sialic acids comprise of N-or O-acyl derivatives of 9-
carbon sugar neuraminic acid (5- amino- 3, 5-dideoxy-
2 nonulosonic acid). Sialic acids are terminal sugar
components of the oligosaccharide chains of
glycoproteins and glycolipids. In human beings it is
present in body fluids (blood plasma, breast milk,
gallbladder excretions, synovial fluid, sweat, gastric
juices and urine) and tissues (erythrocytes, leucocytes,
platelets, salivary glands, throat, stomach, cervix,
colon, cartilage etc. (15). In blood plasma a large
quantity of sialic acids are present in orosomucoid,
fibrinogen, haptoglobin, ceruloplasmin, o -antitrypsin,
complement proteins and transferrin (16, 17). Itis also
present as constituent of membrane glycoproteins of
erythrocytes, leucocytes and platelets. About 80% of
sialic acids in human serum is N-acetylneuraminic acid
(Neu5Ac; NANA) and approximately 20% is Neu5Ac
9 Lt(18). Low amount of Neu 5, 9 Ac, have also been
shown to be present in human blood serum (19).
Similarly, in tissues the major sialic acid is Neu5Ac.
The other small fractions are Neu5Ac,En, Neu5Gc,
Neu 5,7, 9Ac,, Neu 5,8,9 Ac, etc, the role of which is
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yet to be defined. Most of the research papers reported
about NANA, the most abundant sialic acid.

The structure, occurrence and general functions of
sialic acids have been extensively reviewed (20-25).
Some important functions attributed to sialic acids are
: (1) sialic acids contribute significantly to the overall
negative charge of cell surface and glycoproteins. The
negative charge contributes to cell to cell repulsion
(antiadhesion effect), functioning stability and survival
of glycoproteins in blood circulation and cell-to-matrix
interactions; (2) due to the shielding effect, sialylated
glycans protect parts of a glycoprotein from proteolytic
attacks; (3) membrane sialic acids assist in cell - cell
recognition and interaction and serving as chemical
messengers in tissues and body fluids; (4) it serves
as a component of cell surface receptors.

SERUM SIALIC ACID

Sporadic reports on serum sialic acid in cardiovascular
diseases were published in 70s and 80s but the real
interest in serum sialic acid in cardiovascular disease
grew only after the report of Lindberg et al. (1) who
showed that serum sialic acid is a strong predictor of
cardiovascular mortality and may also reflect the
existence or activity of an atherosclerotic process.
Later on, many studies came up showing that serum
sialic acids were elevated in cardiovascular diseases
(3-10). Serum sialic acid levels correlated with carotid
atherosclerosis, independently of major cardiovascular
risk factors (26). It was also found to be raised in
patients with NIDDM who were designated as a group
with a markedly increased frequency of CHD, stroke
and peripheral vascular diseases compared to non-
diabetics (27). Serum sialic acid is considered as a
marker of innate immunity and activated innate
immunity is a risk factor for cardiovascular disease
mortality in type 2 diabetes (28). Most recently, in a
17 year-follow up study serum sialic acid has been
proposed to be a long - term predictor of CHD events
in adults, especially in women (11).

Serum sialic acid has been correlated with serum lipids
(29, 30). It was found to be higher in groups with high
serum triglycerides or cholesterol and significantly
lower in a group with high HDL cholesterol. Crook et
al. (31) showed that serum sialic acid significantly
correlated with systolic BP, fasting serum cholesterol
and triglycerides and body mass index in females. In
males serum total sialic acid significantly positively
correlated with fasting serum cholesterol and
triglycerides concentration and correlated inversely
with hip/waist ratio. Masuda et al. (32) have shown
that serum sialic acid reflects the status of blood
glucose control and the progression of ischemic
disease of the lower extremeties in NIDDM. Zahedi et
al. (33) have found that it increased post prandially
giving further insight as to why it is considered to be
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a cardiovascular risk factor. Serum sialic acid has
shown positive correlations with blood platelet count,
plasma fibrinogen, D-dimer, thrombin-antithrombin IlI
complex and plasma alpha 2-plasmin inhibitor complex
in type 2 diabetes (34).

Contradictory reports have been published on the
possible relationship between serum sialic acid levels
and the severity of coronary lesions in paitents with
coronary heart disease (CHD). Allain et al. (3) found
a positive correlation between raised serum sialic acid
and the severity of the coronary lesions. Gokmen et
al. (35) have found only lipid bound sialic acid to be
related to the severity of coronary atherosclerosis.

In contrast, Salomone et al. (36) and Wu et al. (37)
reported that serum sialic acid does not appear to be
associated with the extent or severity of coronary
artery disease (CAD) in patients with stable angina
and suggested that the association with serum sialic
acid and cardiovascular deaths described by others
may reflect the role of mechanisms other than the
severity of coronary artery narrowing.

The mechanistic aspect of the raised levels of sialic
acid in cardiac patients is still not very clear though
several possibilities have been suggested such as
increase in acute phase reactants containing sialic
acid (5-7, 16); increased sialylation of serum proteins
(38) or reduction in desialylation of plasma
glycoproteins (39). Gracheva et al. (9) have found
enhanced activity of asialofetuin sialyltransferase of
aorta intima in atherosclerosis as is the secretion of
their soluble forms into patients plasma. The influence
of sex hormones on the activity of sialyl-transferase
and / or sialidase that control serum sialic acid remains
to be investigated (11). Sialic acid was positively
related to tumour necrosis factor (TNF o) and
interleukin-6 (IL-6) and both these cytokines regulate
C-reactive protein (CRP) and the synthesis of other
acute-phase proteins (40). Increased concentration of
CRP has been shown to be associated with an
increased risk for coronary heart disease, sudden
death and peripheral arterial disease and plasma sialic
acid concentration has shown a strong correlation with
C-reactive protein (37). Lindberg et al. (41) reported
that mean serum level of glycoproteins were
significantly higher in carotid atherosclerosis cases
compared to control. However, when incorporated into
the mathematical model, serum total sialic acid not
only contributed additional information as to the risk
of atherosclerosis, none of the three glycoproteins
studied , contributed further once total sialic acid has
been accounted for. Thus some other source of serum
sialic acid or variations in the degree of sialylation of
glycoproteins may be essential for understanding the
relation between serum sialic acid and atherosclerosis.
Gokmen et al. (42) have suggested that either the
shedding or secreting of sialic acid from the cell or
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cell membrane surface may be partly responsible for
an increased serum sialic acid concentration following
acute myocardial infarction. The correlation between
serum total sialic acid and plasma fibrinogen may
explain the association between elevated serum sialic
acid and cardiovascular problems (5, 34). From these
reports it seems that irrespective of the mechanism ,
serum sialic acid seems to be a causal risk factor and
could prove useful in screening of population at
cardiovascular risk. Recently, serum sialic acid has
been shown to be a unique and novel marker that
could be particularly useful in assessing myocardial
cell damage in patients undergoing cardiac surgery
(43).

The role of low density lipoprotein (LDL) in
pathogenesis of CAD is well documented. The sialic
acid content of LDL has been shown to play a very
important role in this regard. The sialic acid content
of LDL of patients with CHD was found to be several
folds lower than those of healthy subjects (14, 44-46).
A strong negative correlation has been established
between the ability of LDL to stimulate intracellular lipid
accumulation and their sialic acid content. Moreover,
LDL from healthy subjects, desialylated by
neuraminidase treatment induced the accumulation of
intracellular cholesterol. These findings suggested that
desialylation is an atherogenic LDL modification.
Desialylation of LDL particles represents one of the
first or the primary act of modification which is,
apparently, a sufficient prerequisite for the
development of atherogenic properties. Subsequent
modifications just enhance the atherogenic potential
of LDL (47). LDL in arterial wall atherosclerotic lesions
was found to be sialic acid poor and ceramide
enriched. These chemical changes promote LDL
aggregation (48). Removal of sialic acid from the
endothelial cell surface has been shown to increase
the rate of receptor mediated endocytosis of LDL (49).
Malmendier et al. (50) had observed that the removal
of sialic acid from human LDL in vivo increased the
rate of metabolic clearance. Similarly, Filipovic and
Buddeck (51) found that removal of sialic acid residues
accelerate the rate of internalization of the lipoprotein
and subsequently the regulation of the metabolism of
cellular cholesterol. In contrast, however, Melajarvi et
al. (52) have shown that sialic acid poor LDL is
catabolized more slowly than the sialic acid rich LDL.
Contradictory reports on the role of LDL sialic acid
content in atherogenesis are also available. Chappey
et al. (53) showed that LDL sialic acid content is not a
discriminant marker of early atherosclerosis in
asymptomatic hypercholesterolemic subjects. Later on
they (54) showed that LDL sialic acid content was
increased in patients with both coronary stenosis and
peripheral arterial atherosclerosis lesions compared
with either no lesions or only one or the other type of
lesions. The investigator explained this discordance
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with Orekhov and Co-workers, who showed that LDL
sialic acid content in patients with advanced CAD was
lower than that in healthy subjects, by the idea that
desialylation may result from in vitro peroxidation of
LDL due to the presence of EDTA in the buffer.

Racial differences in serum sialic acid have also been
found. South Asian men have been shown to have
higher serum sialic acid than the age-matched
European men (55). Similarly, Caucasian living in
Minneapolis had higher levels of serum sialic acid
compared to Japanese living in Akita, Japan (56).
These racial differences in sialic acid levels may reflect
international differences in the prevalence of
atherosclerosis (56). Thus serum sialic acid may be
worth measuring in different racial groups and may be
useful to assess individuals at risk of cardiovascular
diseases and this requires large prospective studies
(55).

Serum sialic acid levels are influenced by non-
pathological factors like aging, pregnancy, smoking etc
(15). Moreover, sialic acid is not specific for a given
disease as variations in serum sialic acid levels have
been found in various diseases such as cancer,
diabetes, chronic renal failure, alcohol abuse, Salla’s
disease etc. (15).

PLATELET SIALIC ACID

The presence of sialic acid in human platelets had
been demonstrated in early 60’s but its function was
not clear at that time. Later on, sialic acid’s role in
haemostatic function of the platelets was
demonstrated in several studies. Platelet sialic acid
has been shown to have the following functions: (i) It
is responsible for the surface negative charge of the
platelets which play an important role both in platelet
adhesion and aggregation (57-60). An alteration in
platelet sialic acid content results in altered
electrophoretic mobility (61-64) (ii) platelet sialic acid
is responsible for the life span of platelets as platelets
depleted of sialic acid are rapidly cleared from
circulation (65). Platelets from Bernard-Soulier patients
which are deficient in glycoprotein | and sialic acid
have a shortened survival time (66).

Coronary heart disease patients have been shown to
have less platelet sialic acid content as compared to
normal controls (12) and most of the platelet sialic acid
was found to be susceptible to cleavage by
neuraminidase, demonstrating sialic acid to be
preferably localized at the outer surface. We have also
found lower platelet sialic acid content in patients with
acute myocardial infarction (AMI) as compared to
normal controls (7). The lower platelet sialic acid
could represent a contributing factor for higher
aggregability of platelets in CHD patients. Further,
lower sialic acid contents and the resulting lesser
surface negative charge may cause less repulsion
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between platelets and thereby facilitating aggregation.

Another possible causative role of low platelet sialic
acid content is that sialic acid depleted platelets are
rapidly cleared from the circulation. Platelet survival
time theoretically measures the interaction of platelets
with the arterial luminal surface. Thus the reduced
platelet survival time could reflect increased platelet
surface interaction due to several mechanisms in
coronary atherosclerosis and an abnormal short
platelet survival frequently occurs in patients with CAD
(67-68).

The mechanism of these changes in platelet sialic acid
is still not clear. Could it be due to increased serum
sialidase activity (69) or could it be due to decreased
sialylation of membrane proteins? A possible role of
free radicals in desialylation of platelet proteins has
also been suggested (70).

ERYTHROCYTE SIALIC ACID

Sialic acid is well known to be present in erythrocytes.
Most of the sialic acid residues on the erythrocytes
surface membrane are susceptible to cleavage by
sialidase. The amount of sialic acid released
enzymatically is correlated with the total sialic acid
residues on the erythrocyte surface (71). The
erythrocyte surface sialic acid has been shown to
determine the life span of erythrocytes (72-75). It has
been shown that desialylated erythrocytes are rapidly
cleared from blood stream in rabbits (76) and man (77,
78). Another function attributed to RBCs sialic acid is
that it provides negative surface charge to RBCs which
is responsible for electrostatic repulsion between cells.
It is hypothesized that by removing sialic acid residues
and thus eliminating forces of mutual repulsion of
similarly charged membranes, plasma sialidase
activity agglomerates the red cell mass (79). An early
decrease in erythrocyte sialic acid content has been
suggested to influence the rheological properties of
blood by increasing the adhesive energy of
erythrocytes aggregates (80).

Reduced sialic acid content and electrophoretic
mobility of erythrocytes has been observed in patients
with AMI (10, 69, 81). It has been suggested that
increased plasma sialidase activity in patients with AMI
may be associated with clumps of desialylated
erythrocytes that may alter flow in the microcirculation
(82). The behaviour of sialidase present in the
erythrocyte membrane could be more important in this
regard. Venerando et al. (83) have shown difference
in expression of two sialidase forms (acidic and
neutral) in diabetics’ erythrocytes. It has also been
suggested that decreased erythrocyte sialic acid
content may intensify the effect of fibrinogen on
aggregation and disaggregation of erythrocytes and
participate in the development of atherothrombotic
complications (13).
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CONCLUSION

Most of the studies have shown that serum sialic acid
does play an important role in the pathogenesis of
atherosclerosis and it could be useful in screening of
population at cardiovascular risk. Serum sialic acid
has been found to be elevated in cardiovascular
diseases and positively correlated with the severity of
the coronary lesions. However, a few contradictory
reports have weaken this contention. Moreover,
factors such as aging, pregnancy and smoking may
affect sialic acid concentration and sialic acid is not
specific for a given disease, thereby limiting its
potential clinical usability (1). Serum sialic acid
estimation, however, in different racial groups may be
useful to assess individual at risk of cardiovascular
diseases. Elucidation of the mechanism of alternations
in sialic acid concentration may throw more light on
its clinical utility. Platelet and RBC sialic acid contents
could be important determinants as the cell surface
sialic acid has a direct effect on cell surface charge,
survival of cells in blood circulation and their
aggregability, which play important role in the
pathogenesis of a therosclerosis. More studies are,
therefore, needed to designate sialic acid as a
cardiovascular risk factor / marker.

REFERENCES

1. Lindberg, G., Eklund, G.A., Gullberg, Bo and
Rastam L. (1991). Serum sialic acid concentration
and cardiovascular mortality. Br. Med. J. 302, 143-
146.

2. Lindbreg, G., Rastam, L., Gullberg, B. and Eklund,
G.A. (1992). Serum sialic acid concentration
predicts both coronary heart disease and stroke
mortality: multivariate analysis including 54385
men and women during 20.5 years of follow up.
Int. J. Epidemiol. 21, 253-257.

3. Allain, P. Olivier, E., Le Bouil, A., Benoit, C.
Geslin, P. and Tadei, A. (1996). Increase of Sialic
acid concentration in the plasma of patients with
coronary disease. Presse Med. 25, 96-98.

4. Wakabayashi, |., Sakamoto, K., Yoshi moto, S.
and Kakishita, E. (1994). Serum sialic acid
concentration and atherosclerotic risk factors. J.
Atheroscler, Thromb. I, 113-117.

5. Haq. M., Haq, S., Tutt, P. and Crook, M. (1993).
Serum total and lipid- associated sialic acid in
normal individual’s and patient with myocardial
infarction and their relationship to acute phase
proteins. Ann. Clin. Biochem. 30, 383-386.

6. Crook, M.A., Treloar, A., Haq, M., and Tutt, P.
(1994). Serum total sialic acid and acute phase
proteins in elderly subjects. Eur. J. Clin. Chem.
Clin Biochem. 32, 745-747.

57



Indian Journal of Clinical Biochemistry, 2006, 21 (1) 54-61

7. Nigam, P.K,, Narain, V.S.,Chandra, N., Puri, V.K.,
Saran, R.K., Dwivedi, S.K. and Hasan, M. (1995).
.Serum and platelet sialic acid in acute myocardial
infarction. Ind. J. Clin. Biochem. 10, 106-109.

8. Watts, G.F., Crook, M.A., Haq, S. and Mandalia,
S. (1995). Serum sialic acid as an indicator of
change in coronary artery disease. Metabolism
44, 147-148.

9. Gracheva, E.V., Samovilova, N.N., Golovanova,
N.K., I'inskoya, O.P., Trarak, E.M., Malysher,
P.P., Kukharchuk, N.V. and Prokazova, N.V.
(2002). Sialyletransferase activity of human
plasma and aortic intima is enhanced in
otherosclions Biochem. Biophys. Acta. 1586 (1),
123-128.

10. Vaya, A., Falco, C., Reganon, E., Vila, V.,
Martinez-Sales, V., Corella, D., Contreras, M.T.
and Aznar, J. (2004). Influence of plasma and
erythrocyte factors on red blood cell aggregation
in survivors of acute myocardial infarction.
Thromb. Haemostas 91, 354-359.

11. Knuiman, M.W., Watts, G.F. and Divitini, M.L.
(2004). Is sialic acid an independent risk factor
for cardiovascular disease? A 17-years followup
study in Busselton, Western Australia. Ann.
Epidemiol. 14, 627-632.

12. Mandic, R., Opper, C., Krappe, J. and Wesmann,
W. (2002). Platelet sialic acid as a potential
pathogenic factor in coronary disease. Diabetes
Res. Clin. Pract. 58, 37.

13. Hedengue, A., Razavian, S.M., Del.-Pino, M.,
Simon, A. and Levenson, J. (1996). Influence of
sialic acid on enythrocyte aggregation in
hypercholesterolaemia. Thromb. Haemost. 76,
944-949.

14. Orekhov, A.N., Tertov, V.V., Mukhim, D.N. and
Mikhallenko, I.A. (1989). Modification of low
density liportotein by desialylation causes lipid
accumulation in cultured cells Discovery of
desialytated lipoprotein with altered cellular
metabolism in the blood of atheroselerotic
patients. Boiochem. Biophys. Res. Common.
162, 206-211.

15. Sillanaukee, P., Ponnio, M. and Jaaskelainen, |.P.
(1999). Occurrence of sialic acids in healthy
humans and different disorders. Eur. J. Clin.
Invest. 29, 413-425.

16. Taniuchi, K., Chifu, K., Hayastri, N. et al. (1981).
A new enzymatic method for the determination of
Sialic acid in serum and it application for a marker
for acute phase reactants. Kobe J. Med. Sci. 27,
91-102.

Indian Journal of Clinical Biochemistry, 2006

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Petren, S. and Vesterberg, O. (1989). The N-
acetylneuraminic acid content of five forms of
human tranferrin. Biochim. Biophys. Acta 994,
161-165.

Corfield, A.P. Wember, M. Schauer, R. and Rott,
R. (1982). The specificity of Viral sialidases. The
use of oligosaccharide susbtrate to probe enzymic
characteristics and strain specific differences.
Eur. J. Biochem. 124, 521-526.

Haverkamp, J., Schauer, R. and Wember, M.
(1976). Neuraminic acid derivatrives newly
discovered in humans. Hoppe Seyler’'s Z. Physiol.
Chem. 357, 1699-1705.

Schauer, R. (1982). Chemistry, metabolism and
biological functions of sialic acids. Adv. Carbohyd.
Chem. Biochem. 40, 131-234.

Rosenberg, A. (1995). Biology of the “Sialic
Acids” Plenum, New York.

Schauer, R. and Kamerling, J.P. (1997).
Chemistry, biochemistry and biology of sialic
acids. In “Ghycoproteins” J. Montreuil, H.
Schachter and J.F.G. Vliegenthart. Eds.

Schauer, R., Kelm,. S., Reuter, G., Roggentin, P.
and Shaw, L. (1995). Biochemistry and role of
sialic acids. In “Biology of Silaic acids” (A
Rosenberg, Ed.). p 7-67 , Plenum, New York .

Varki, A. (1992). Diversity in the sialic acids.
Glycobiology 2, 25-40.

Kelm, S. and Schauer, R. (1997). Sialic acids in
molecular and cellular interaction. Int. Rev. Cytol.
175, 137-240.

Rastam, L., Lindberg, G., Folsom, A.R., Burke,
G.L., Nilsson- Ehle, P. and Lundblad, A. (1996).
Association between serum sialic acid
concentration and carotid atherosclerosis
measured by B-Mode untrasound. Int. J.
Epidemiol. 25, 1953-1958.

Pyoralla, K., Laasko, M. and Uusitupa, M. (1987).
Diabetes. and atherosclerosis : an epidemiologic
view. Diabetes Metab. Rev. 3, 463-524.

Pick up, J.C. and Mattock, M.B. (2003). Activation
of the innate immune system as a predictor of
cardiovascular mortality in type 2 diabetes
mellitus. Diabet. Med. 20, 723-726.

Crook, M. and Tutt, P. (1992). Serum sialic acid
concentration in patients with hypertrigly-
ceridaemia showing the Fredrickson’s Il B
phenotype. Clin. Sci. 83, 593-595.

58



Indian Journal of Clinical Biochemistry, 2006, 21 (1) 54-61

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wakabayashi, |,. Sakamoto, K., Yoshimoto, S.
and Masui, H.P. (1992). Relation of serum sialic
acid to lipid concentration. Br. Med. J. 305, 562-
563.

Crook , M., Lumb, P., Andrews, V. and
Swaminathan, R. (1998). Serum total sialic acid
, a reputed cardiovascular risk factor and its
relationship to lipids, plasma fasting insulin, blood
pressure and body mass index in normal
individuals. Clin. Sci. 95, 53-57.

Masuda, H., Wakabayashi, R. and Wakabayashi,
I. (1998). Serum sialic acid and ankle versus
brachial arterial pressure ratio in NIDDM. Scand.
J. Clin. Lab. Invest. 58, 433-439.

Zahedi, R.G., Summers, L.K., Lumb, P. ,Chik, G
and Crook, M.A. (2001). The response of serum
sialic acid and other acute phase reactants to an
oral fat lead in healthy humans. Eur. J. Intern.
Med. 12, 510-514.

Wakabayashi, |. and Masuda, H. (2002). Relation
of serum sialic acid to blood coagulation activity
in type 2 diabetes. Blood Coagul. Fibrinolysis 13,
691-696.

Gokmen, S.S., Kilicli., G., Ozcelik, F., Ture, M. and
Gulen S. (2002). Association between serum
total and lipid- bound sialic acid concentration and
the severity of coronary atherosclerosis. J. Lab.
Clin. Med. 140, 110-118.

Salomone, O.A. Croon, J.R., Hossein- Niam.,
Holt, D. and Kaski, J.C. (1998). Serum sialic acid
concentration is not associated with the extent or
severity of coronary disease in patients with stable
angina pectoris. J. Lab. Clin. Med. 140, 110-118.

Wu, E.B., Lumb, P., Chambers, J.B. and Crook,
M.A. (1999). Plasma sialic acid and coronary
artery atherosclerosis load in patients with stable
chest pain. Atherosclerosis 145, 261-266.

Flynn, M.D., Corrall, R.J.M., Waters, P.J. and
Pennock, C.A. (1991). Sialic acid and
cardiovascular mortality. Br. Med. J. 302, 533-
534.

Morell, A.G., Gregoriadis, G., Scheinberg, I.H.,
Hickman, J. and Ashwell, G. (1971). The role of
glycoproteins in the circulation . J. Biol. Chem.
246, 1461-1467.

Baumann, H. and Gauldie, J. (1994). The acute
phase response. Immunol. Today 15, 74-80.

Lindberg, G., Rastom, L., Nilsson-Ehle, P.,
Lundblad, A., Ramstam, J., Folsom, A.R. and
Bruke, G.L. (1999). Serum sialic acid and
asialoglycoproteins in asymptomatic carotid artery

Indian Journal of Clinical Biochemistry, 2006

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

atherosclerosis, ARIC Investigators, Athero-
sclerosis Risk in Communities. Atherosclerosis
146, 65-69.

Gokmen, S.S., Kilicli, G., Ozcelik, F. and Gulen
S. (2000). Serum total and lipid bound sialic acid
levels following acute myocardial infarction. Clin.
Chem. Lab. Med. 38, 1249-1255.

Berkan, O. and Sagban. M. (2002). Sialic acid
or Troponin T to detect perioperative myocardial
damage in patients undergoing elective coronary
artery bypass grafting. Cir. J. 66, 1019-1023.

Orekhov, A.N., Tertov, V.V., Murhin, D.N. and
Kabakov, A,.E. (1989). Modified (desialytated)
low density liporotein and auto antibodies against
lipoprotein circulating in the blood of
atherosclerotic patients cause atherosclerotic
mnifestation in aortic cell culture . In : Descovich,
G.C., editor, Atherosclerosis and cardiovascular
disease. Bologna Editrice composition.

Orekhov, AN. Tertov. V.V. and Mukhin, D.N.
(1991). Desialylated low density lipoproteins-
naturally occurring lipoprotein with atherogenic
potency. Atherosclerosis 86, 153-161.

Tertov, V.V., Sobenin, |.A. Gabbasov, Z.A., et al.
(1992). Multhiple- modified desialylated low
density lipoproteins that cause intracellular lipid
accumulation, lIsolation, fractionation and
Characterization . Lab . Invest. 67, 665-675.

Tertov, V.V., Kaplun, V.V., Sobenin, Z.A. and
Orekhov, A.N.(1998). Low-density lipoprotein
modification occurring in human plasma possible
mechanism of in vivo lipoprotein desialylation as
a primary step of atherogenic modification .
Atherosclerosis 138, 183-195.

Kruth, H.S. (1997). The fate of lipoprotein
Cholesterol entering the arterial wall. Curr. Opin.
Lipidol. 8, 246-252.

Sprague, E.A., Moser, M., Edwards, E.H. and
Schwartz, C.J. (1998). Stimulation of receptor-
mediated low density lipoproteins endocytosis in
neuraminidase- treated cultured bovine aortic
endothelial cells. J. Cell Physiol. 137, 251-262.

Malmendier, C.L., Delcroix, C. and Fontaine, M.
(1980). Effect of sialic acid removal on human
low density lipoprotein catabosism in vivo.
Atherosclerosis 37, 277-284.

Filipovic, I. and Buddecke, E. (1979). Desialized
low - density lipoprotein regulates cholesterol
metabolism in receptor- deficient fibroblastz. Eur.
J. Biochem. 101, 119-122.

59



Indian Journal of Clinical Biochemistry, 2006, 21 (1) 54-61

52. Melajarvi, N., Gylling, H. and Miettinen, T.A.
(1996). Sialic acid and the metabolism of low-
density lipoproteins. J. Lipid Res. 37, 1625-1631.

53. Chappey, B., Myara, |., Giral, P., Kerharo, G.,
Plainfosse, M.C. Levenson, J., Simon, A. and
Moati. N. (1995). Evaluation of the sialic acid
content of LDL as a marker of coronary
calcification and extracoronary atherosclerosis in
asymptomatic hypercholesterolemic subjects.
PCVMETRA group. Arterioscler. Thromb. Vasc.
Biob.15, 334-339.

54. Chappey , B.,Beyssen, B., Foos, E. , Ledru, F.,
Guermonprez , J.L., Gaux, J.C. and Myara, I.
(1998). Sialic acid content of LDL in coronary
artery disease: no evidence of of desialylation in
subjects with coronary stenosis and increased
level in subjects with extensive atherosclerosis
and acute myocardial infarction : relation between
desialylation and in vitro peroxidation.
Arterioscler. Thromb. Vasc. Biol. 18, 876-883.

55. Crook M., Kerai, P., Andrews, V., Lumb, P. and
Swaminatham, R. (1998). Serum total sialic acid,
a reputed cardiovascular risk factor, is elevated
in South Asian men compared to European men.
Ann. Clin. Biochem. 35, 242-244.

56. Lindberg, G., Iso, H., Rastom, L., Lundblad, A.
and Folsom, A.R. (1997). Serum sialic acid and
its correlates in community samples from Akita,
Japan and Minneapolis, USA, Int. J. Epidemiol.
26, 58-63.

57. Seaman, G.V.F. and Vassar, P.S. (1966).
Changes in electrokinetic properties of platelets
during their aggregation. Arch. Biochem. Biophys.
117, 10-17.

58. Seaman, G.V.F. (1967). Surface potential and
platelet aggregation. In: Platelets, their role in
heamostasis and thrombosis. Ed. Brinkhous,
K.M., Wright, I.S., Soulier, J.P., Robers, H.R. and
Hinnoms, S. p. 53-68.

59. Grothum, K.A. (1969). Platelet surface charge
and aggregation effects of polyelectrohytes.
Thrombos. Diathes Haemorrh. 21, 450-462.

60. Hampton. J.R. and Mitchell, J.R.A. (1969).
Modification of the electrokinetic response by
blood platelets to aggregating agents. Nature 210,
1000-1003.

61. Isohisa, I., Jung., S. M., Motomiya, T., et al.
(1981). Relations among electrophoretic mobility,
sialic acid and platelet aggregability and its
interpretation. Ketsuekito Myakkan. 12, 564-567.

Indian Journal of Clinical Biochemistry, 2006

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Yamazaki, H., Jng, S.M., Tanoue, K., et al. (1981).
Surface negative charge, membrane glyco
proteins and functions of platelets. Ketsuekito.
Myakkam. 12, 520-531.

Jung, S.M., Kinoshita, K., Tanoue, K., Isohisa, I.
and Yamazaki, H. (1982). Role of surface
negative charge in platelet function related to the
hyperactive state in estrogen treated prostatic
carcinoma. Thromb. Haemostasis 43, 203-209.

Tanoue, K., Jung., S.M., Yamamoto, N. and
Yamazaki, H. (1984). The role of surface negative
charge on platelets function. Electrophor. 83.
Adv. Methods. Biochem. Clin. Appl. Proc. Int.
Conf. p. 333-340.

Choi, S.1., Simone, J.V. and Journey, L.J. (1982).
Neuramindase- induced thrombo-cytopenia in
rats. Br. J. Haematol. 22, 93-99.

Grottum, K.A. and solumn, N.O. (1969).
Congenital thrombocytopenia with giant platelets:
A defect in platelet membrane. Br. J. Haematol.
16, 275-290.

Steele P.P., Weily, H.S., Davies, H. and Genton,
E. (1973). Platelet function studies in coronary
artery disease. Circulation 48, 1194-1200.

Steele, P., Rainwater, J. and Vogel. R. (1978).
Abnormal platelet survival time in men with
myocardial infarction and normal coronary
arteriogram. Am. J. Cardiol. 41, 60-61.

Hanson, V., Landarv, S., Flasher, M., Wax, S. and
Webb, W. (1980). Sialic acid- depleted red cells
following myocardial infarction. Am. Heart J. 99,
483-486.

Goswmi, K. and Koner, B. (2002). Level of sialic
acid residues in platelet proteins in diabetes,
aging and Hodgkin’s lymphoma: a potential role
of Free radicals in desialylation. Biochem.
Biophys. Res. Commun. 297, 502.

Aminoff, D., Bell, W.C., Fulton, |. and
Ingebrigtsen, N. (1976). Effects of sialidase on
the viability of erythrocytes in circulation. Am. J.
Haematol. 1, 419-432.

Yachin, S. and Gardner, F.H. (1961).
Measurment of human erythrocyte neuraminic
acid : relationship to haemlysis and red blood cell
virus interaction. Br. J. Haematol. 7, 464- 475.

Cohen, N.S., Ekholm, J.E., Luthra, M.G. and
Hanahan, D.J. (1976). Biochemical characteri-
zation of density separated human erythrocytes.
Biochimica et Biophysica Acta 419, 229-242.

60



Indian Journal of Clinical Biochemistry, 2006, 21 (1) 54-61

74.

75.

76.

77.

78.

Gattengno, L., Perret, G., Fabia, F. and Cornillot,
P. (1981). Decrease of Cabohydrate in
membrane glycoproteins during human
erythrocyte aging in vivo. Mechansims of aging
and development 16, 205-219.

Lewis, S.M. (1962). Red cell abnormalities and
haemolysis in aplastic anaemia. Br. J. Haematol.
8, 322-334.

Janick, J. and Schauer, R. (1974). Sialic acid-
A determinant of the life-time of rabbit
erythrocytes. Hoppe-Seyler's Z. Physiol. Chem.
355, 395-400.

Janick, J., Schauer, R. and Streicher , H.J. (1975).
Influence of membrane- bound N-acetyl-
neuraminic acid on the survival of erythrocytes in
man. Hoppe- Seyler's Z. Physiol. Chem. 356,
1329-1331.

Janick, J.M., Schauer, R., Andres, K.H. and Von
During, M. (1978). Sequestration of
neuraminidase-treated erythrocytes- studies on its
topographic, morphologic and immumologic

Indian Journal of Clinical Biochemistry, 2006

79.

80.

81.

82.

83.

aspects. Cell Tissue Res. 186, 209-226.

Gottschalk, A. (1972). Ghycoproteins . Essex:

Elsevia Science Publishers, p 381.

Hedengue, A.L., Del-Pino, M., Simon, A. and
Levenson, J. (1998). Erythrocyte disaggregation
shear stress, sialic acid and cell aging in humans.
Hypertension 32, 324-330.

Resniszky, P.,Yaari, A. and Danon, D. (1972).
Biophysical characteristics of erythrocytes during
myocardial infarction and venous thrombosis.
Thromb. Diathes Hemorrh. 28, 415-418.

Hanson, V.A. Shettigar, V.R. Loungani, R.R. and
Nadijcka, M.D. (1987). Plasma sialidase activity
in acute myocardial infarction. Am. Heart J. 114,
59-63.

Venerando, B. , Fiorilli, A. Croci, G., Tringali, C.,
Goi, G. Mazzanti, L. Lombardo, A. and
Tettamontic, G. (2002). Acute and neutral sialidse
in the erythrocyte membrane of type 2 diabetes
patients. Blood 99, 1064-1070.

61




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


