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Serum sialic acid and its lipid and protein bounds as possible
biomarkers of acute myocardial infarction in erbil city
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Abstract

Backgrounds and objectives: Myocardial infarction (MIl) usually occurs when coronary
blood flow decreases abruptly after a thrombotic occlusion of a coronary artery previously
affected by atherosclerosis. Sialic acid (SA) is attached to non reducing residues of the
carbohydrate chains of glycoproteins and glycolipids. An elevation in serum TSA , LBSA
and PBSA concentrations has been observed in a number of pathological conditions .The
aim of the study was to determine the serum TSA and its LBSA and PBSA in patients with
acute myocardial infarction (AMI).

Methods: Serum TSA , LBSA and PBSA concentrations were evaluated by UV/VIS spec-
trophotometry in (100) apparently healthy individuals and ( 100 ) newly diagnosed AMI pa-
tients .

Results: The mean levels of serum TSA , LBSA and PBSA in AMI patients were signifi-
cantly higher ( P < 0.05 ) than those of apparently healthy individuals .

Conclusion: The results indicate that the serum values of TSA, LBSA and PBSA
appeared to be of a value in diagnosis of AMI .
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Introduction

Acute myocardial infarction (AMI) is one of
the major causes of mortality and morbidity
in the world. The most common cause of
AMI is atherosclerotic ischemic heart dis-
ease (IHD) with fissuring or ulceration of a
plague causing clotting and complete arte-
rial occlusion®. Several risk factors for AMI
have been well documented, including hy-
pertension, hyperlipidaemia, diabetes, a
positive family history, smoking, obesity
and inactivity. However, these factors ex-
plain only part of attributable AMI 2 Sialic
acid (SA) an important component of gly-
colipids and glycoproteins , is found in
negatively charged surface polyanions on
various cell membranes and play an impor-
tant role in the antigenic characterization
of cells 3.

From over 30 derivatives of neuraminic
acid, N-acetylneuraminic acid (NANA , SA)
is the most common in humans, glucose is
the precursor and the biosynthesis takes
place in Golgi apparatus *. Reports of the
research work done in this field since the
last few years , reveals that the serum con-
centrations of total sialic acid (TSA), lipid
bound sialic acid (LBSA ) and protein
bound sialic acid (PBSA) were increased
and have been used as laboratory bio-
markers in a variety of pathological condi-
tions °>7. Lipids are common conjugates of
serum lipoproteins, and SA is also present
in combination with lipids and proteins as
glycolipids and glycoproteins respectively .
The serum or plasma TSA concentration is
a marker of the acute-phase response,
since many of the acute —phase proteins
(e.g. alpha —acid glycoprotein, fibrogen
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and haptoglobin ) are glycoproteins with SA
as the terminal sugar of the oligosaccha-
ride chain. An elevated serum TSA level is
a strong predictor of cardiovascular mortal-
ity in general population ° A prospective
study conducted by Kario and Matsuo '
showed that mortality due to cardiovascular
disease was increased in people with high
serum TSA concentration. Another study
showed that the level of serum TSA in-
creases in proportion with the numbers of
the coronary artery diseases( attack times )
and the concentration of serum LBSA was
related to the severity of coronary athero-
sclerosis ''. Van Dijik et al ' reported that
this increase in the serum levels of TSA
and LBSA may occur via changes in the
biosynthesis and post-translational glycosy-
lation processing of the acute-phase glyco-
proteins in the liver .Recently, in a 17 year
—follow up study serum TSA has been pro-
posed to be a long-term predictor of IHD
in adults, especially in women . The role
of serum TSA , LBSA and PBSA values in
AMI promoted us to investigate their serum
levels in AMI patients and to know whether
we can use such parameters in diagnosis
on AMI. To the best of our knowledge this
is the first study in this field in our region.

Methods

1-Subjects :

This study was carried out during the pe-
riod from July 2008 to September 2009 at
the dept. of Clinical Biochemistry / College
of medicine / Hawler Medical University /
Erbil / Iraq .

The present investigation was conducted
on ( 200) subjects , which were divided into
two groups :

Group 1 ( control group ): Included 100
apparently healthy individuals ( 30 females
and 70 males ), the average age was
(54.85 £0.94 ) years, and the range of age
was ( 35—76 ) years .

Group 11 ( patient group ): Included 100
newly diagnosed AMI patients ( 30 female-
sand 70 males ), the average age was ( 59
t+ 1.02 ) years and the range of age was
(36-80 ) years .

All these patients had been admitted to the
coronary care unit (CCU)/ Erbil teaching
hospital and the diagnosis by internal
medicine consultants was based on a his-
tory of prolonged ischemic chest pain,
characteristic electrocardiogram (ECG)
changes , elevated serum creatine kinase
iso-enzyme (CK-MB) and troponin T within
12 hours after the onset of pain. All AMI
patients were carefully screened to exclude
evidence of congestive heart failure, he-
patic and renal failures , endocrinal disor-
ders. Patients who had fasting plasma glu-
cose = 140 mg / dl were excluded.
2-Sampling: Eight—ten mls of peripheral
blood was drawn from each subject using
disposable syringes. The samples were
transferred into glass tubes, quitting for 30
minutes for clotting and centrifuged for 15
minutes at 3500 rpm. The separated serum
was used for measurements of: TSA |,
LBSA and PBSA .

3-Methods:

A-Determination of serum TSA:

Serum TSA was estimated according to
the method of Katapoids et al ™.

Principle :The principle of this method de-
pends on the formation of a chromogen
after addition of resorcinol reagent into the
tube containing the sample. The chro-
mogen formed was extracted by butyl ace-
tate: methanol (85:15 v/ v) reagent and
measured at 580 nm .

Procedure :To 20 pls of serum sample or
standard solutions of SA, 980 uls of de-
ionized water was added. The assay tubes
were vortexed and placed on ice. To each
assay tube, 1 ml of resorcinol was added,
then the tubes were placed in a boiling wa-
ter bath for exactly 15 minutes, then for 10
minutes on ice.

Two mls of butylacetate: methanol reagent
( 85:15 v/v) were added, then the assay
mixtures were vortexed and centrifuged for
10 minutes at 3000 rpm. The extract chro-
mophore was read at 580 nm against de-
ionized water .
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Caculation: A standard curve was ob-
tained by plotting the absorbance at 580
nm against the corresponding concentra-
tions of standard SA solutions (5,10,
15,20,25,30,35,40,45,50 mg/dl ) and from
this curve the concentration of TSA in the
sample was determined, (Figure 1) .
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Figure1: Standard curve for determination
of serum TSA .

B-Determination of serum LBSA:

Serum LBSA was also estimated according
to the method of Katapodis et al ™
Principle :The principle depends on the
formation a colored complex resulted from
the reaction of phosphotugistic acid with
the separated layer of the lipid using a mix-
ture of chloform: methanol 2: 1 (v/v).
Procedure :

Serum LBSA was measured according to
the following steps:

1-One hundred and fifty pls of de-ionized
water was added to 50 uls of serum sam-
ple, the tubes were vortexed for 5 minutes,
and placed onice.

2-Three mls of cold (4O C) chloroform:
methanol 2:1 (v/v) solution was added,
then 0.5 ml of cold de-ionized water was
added, the tubes were centrifuged for 5
minutes at 3000 rpm at room temperature.
3-One ml of the resulting upper layer was
transferred to another tube, and 50 pls of
phosphotungistic acid was added, mixed
and allowed to stand at room temperature
for 5 minutes .

4-The assay tubes were centrifuged for 5
minutes at 3000rpm. The supernatant fluid

was removed and the remaining precipitate
was dissolved in 1 ml of de-ionized water.
5-To each assay tube, 1 ml of resorcinol
reagent was added, then the tubes were
placed in a boiling water bath for exactly 15
minutes, then for 10 minutes on ice .

6-Two ml of butylacetate: methanol re-
agent (85 : 15 v/v) was added, the assay
mixtures were vortexed and centrifuged for
10 minutes at 3000 rpm. The extracted
chromophore was read at 580 nm against
de-ionized water .

C-Determination of serum PBSA:

Serum PBSA values were calculated ac-
cording to the method of Guzel et al ' by
subtracting of LBSA from serum TSA.
4-Statistical analysis :Statistical analysis
were performed by SPSS version 18.0, t-
test was used for data analysis and the
results were expressed as mean + SE. The
significance level was set as P< 0.05

Results

The mean serum level of TSA was (65.03
+1.50 mg/ dl) in AMI patients which is sig-
nificantly increased as compared to the
control group (40.05 +0.39 mg / dl), (P <
0,05). There is no significant difference in
the serum levels of TSA between males
and females in both groups, (P > 0.05)
(Table 1).

The mean serum level of LBSA in AMI pa-
tients was (37.84 +0.85 mg/dl) which is sig-
nificantly higher than that obtained in con-
trol group (21.08 + 0.66 mg / dl), P < 0,05.
There is also no significant difference in
serum level of LBSA between males and
females in both groups (P > 0.05), (Table
2)

Table (3) shows the mean serum levels of
PBSA in both groups. The data obtained in
AMI patients (27.20 £1.50 mg / dl) indicate
a significant difference in the mean serum
level of PBSA when compared with that of
control group (18.89 £0.81), (P<0.05).
There is also no significant difference in
serum level of PBSA between males and
females in both groups , (P > 0.05).
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Table 1 : The mean + SE of serum TSA in both groups

TSA(mg/dl)
Groups Sex No. (MeantS.E) Statistical evaluation
Males 70 39.72+3.89 P >0.05
Control Females 30 40.81+4.09 P> 0.05
Both 100 40.05 *0.39
Males 70 65.52+ 8.09 P> 0.05
AMI Females 30 63.90+ 7.99 P> 0.05
Both 100 65.03 *1.50 P <0.05

Table 2 : The mean + S.E. of serum LBSA in both groups
LASA(mg/dl)

Groups Sex No. (MeanzS.E) Statistical evaluations
Males 70 20.3016.80 P>0.05
Control Females 30 22.90£ 5.91 P> 0.05
Both 100 21.08 £ 0.66
Males 70 37.784£9.37 P>0.05
AMI Females 30 37.9816.08 P>0.05
Both 100 37.84 +0.85 P <0.05

Table 3 : The mean + S.E.

PBSA(mg/dl)

of serum PBSA levels in both groups

Statistical evaluations

Groups Sex No. (MeanzS.E)
Males 70 19.41+3.76 P >0.05
Control Females 30 17.91+ 3.07 P > 0.05
Both 100 18.97 £ 0.81
Males 70 27.74+7.56 P> 0.05
AMI Females 30 25.92+5.81 P> 0.05
Both 100 27.20 £ 1.50 P <0.05
Discussion the ratio was(2.4:1). This finding is similar

An increase in mortality was observed by
AMI in elderly. Age is a powerful predict or
of short term outcome in AMI. In the pre-
sent study, the average age of AMI patients
was ( 59.49 ) years, this is in agreement
with the results obtained by Maijid et al "/,
who found that the prevalence of AMI was
in the mean age of (57) years. The results
obtained reveal also that the incidence of
AMI was more in males than females and

to that reported by Lovlien et al ®. On the
other hand the mean serum TSA level in-
creases with age in women, but not in men
and this increase seems to be due to
menopause. This finding is similar to that
of Poénnié et al °, who showed that the
mean serum concentration of TSA start to
increase in women at about (45) years of
age, which is close to the mean age of
menopause. The mean of serum TSA level
was significantly higher (P<0.05) in AMI

63



Serum sialic acid and its lipid and protein bounds

Zanco J. Med. Sci., Vol. 15, No. (1), 2011

patients compared to controls. This finding
is similar to those obtained by Nigam et al
7 Zafar and Igbal 8, Majid et al 77, Inayat et
al ', and Gokmen et al ?°. Several other
studies have confirmed that serum TSA
concentrations are elevated in patients with
coronary heart disease CHD and MI and
there is a positive correlation between in-
creased serum TSA level and the severity
of coronary lesions, Nigam etal’ Lindberég
et al ?' | Allain et al*® , Gokmen et al Z.
Knuiman et al® suggested that the asso-
ciation between serum TSA and CHD
reflects an atherosclerotic process.The
same authors showed that the increase in
serum TSA may reflect increased sialylas-
tion of glycolipids and glycoproteins due to
increased sialyltransferase activity. Re-
cently, serum TSA has been shown to be a
novel marker that could be particularly use-
ful in assessing myocardial cell damage in
patients undergoing cardiac surgery?*. Also
it has been shown that an increased output
of serum proteins by the liver due to some
type of acute-phase reactions may be one
of the possible sources of an increased

serum TSA concentration in patients with
MI °. An increase in the activity of siali-
dase, which cleaves the terminal SA resi-
dues from oligosaccharides , glycoproteins
and glycolipids, may play an important role
in the elevation of serum TSA in MI %.
The mechanistic aspect of the raised
serum level of TSA in cardiac patients is
still not very clear , though several possibili-
ties have been suggested such as reduc-
tion in desialylation of plasma glycoproteins
" increase in acute-phase reactants con-
taining SA %, or increased sialyation of se-
rum proteins 2’. Gokman et al ° suggested
that elevated serum TSA might also result
either from the shedding or secreting of SA
from the cell membrane surface, or releas-
ing of cellular SA from the cells into the
blood stream due to cell damage after MI.
Gokman et al ?® in another study also re-
ported that the shedding or secretion of SA
from the cells or cell membrane may be
responsible to a greater degree for the ele-
vated serum T SA levels on the first day

after MI than the increased output of SA-
rich inflammation sensitive proteins . Reg-
anon et al & reported that serum TSA lev-
els were significantly increased in post-
infarction with and without recurrent
coronary ischemia, compared to control
subjects .

The results obtained in this study showed
also a significant higher value of serum
LBSA (P< 0.05) in AMI patients compared
to controls. Similar findings were obtained
by Gokmen et al "' and Sonmez et al *.
The mean serum level of PBSA was also
significantly higher (P<0.05) in AMI pa-
tients compared to controls . Guzel et al '°
demonstrated that the TSA, LBSA and
PBSA concentrations in cattle with theileri-
osis or anaplasmmosis were higher than
those of healthy cattles and suggested that
these elevations are due to the host im-
mune response to the parasites. The same
authors reported also that this may alter
receptor-ligand interactions, which are
known to play an important role in inflam-
mation and immune response. The results
obtained showed also a positive correlation
between serum TSA,LBSA and PBSA in
AMI patients. Similar results were obtained
by Guzel et al "°. Karagenc et al? reported
that the release of SA from glycolipids and
glycoproteins of the lysed cell membrane
causes elevated LBSA and PBSA levels in
theileriosis or anaplasmosis in cattles.
Finally Breen % suggested that the possi-
bility of auto-polysialylation may be
responsible for the elevated serum LBSA
in Ml patients.

Conclusion

The results obtained indicate that the mean
serum TSA , LBSA and PBSA were
significantly higher in AMI patients than
those of controls, so these parameters
may be considered as possible biomarkers
in AMI patients .

64



Serum sialic acid and its lipid and protein bounds

Zanco J. Med. Sci., Vol. 15, No. (1), 2011

References

1-Kasap S ,Gonenc A , Sener D.E. et al.Serum car-
diac markers in patients with AMI :Oxidative
stress , C-reactive protein and N-terminal probrain
natriuretic peptide .J.Clin.Bioch.Nutr. 2007 ;41 (1) :
50-7

2-Pasupathi P.Y., Yagneswara R , Jawahar F et
al.Oxidative stress and cardiac biomarkers in pa-
tients with AMI Eur.J.Sci.Res. 2009 ; 27 : 275-85

3-Nina L. , Helena G. and Tatu AM.Sialic acid con-
tent of LDL-C and its relation to lipid concentrations
and metabolism of LDL-C and cholesterol . J.Lipid
Res. 2000 ; 41 : 1842-49

4- MAHMOUD TJ , BABAN AA and AHMED
SA.Clinical usefulness of alteration in serum total
sialic acid and its ratio to total protein in breast
masses in Hawler city . ZUJMS ,2009 ; 12(2) :18-23

5-P6nnid M ,Alho H ,Nikkari ST, et al Serum sialic
acid in random sample of the general popula-
tion .Clin.Chem. 1999b ; 45 : 1842-49

6-Hangloo VK , Kaul | ,and Zargar HU.Serum sialic
acid levels in healthy individuals.J.Postgrad.Med.
1990 ; 36 :140-42

7-Nigam PK ,Narain VS , and Ajay K.Sialic acid in
cardiovascular diseases. Ind.J.Clin.Bioch. 2006 ;21
(1) :54-61

8-Zafar T and Igbal Z.Estimation of sialic acid in car-
diac patients . Professional Med. J. 2008 ;15
(4) :496--99

9-Crook MA , John CP , Dphil PJ , et alRelationship
between plasma SA concentration and microvascu-
lar and macrovascular complications in type 1 dia-
betes.Diabetes care 2001 ;24 (2) :316-22

10-Kario K and Matsuo T Relation between SA con-
centrations and haemostatic system in the eld-
erly .BMJ 1993 ;306 : 1650-51

11-Gokmen SS , Kilicli G Ozcelik F et al Association
between serum TSA and LASA concentrations and
the severity of coronary atherosclerosis
J.Lab.Clin.Med. 2002 ;140 : 110-18

12-Van Dijk W , Pos O, Van der Stelt ME , et al In-
flammation —induced changes in expression and
glycosylation of genetic variants of alpha 1 -acid
glycoprotein . Studies with human sera , primary
culture of human hepatocytes and transgenic
mice . Biochem. J. 1991 ;276 : 343-47

13-Knuiman MW , Watts GF , Divitini MLIs SA an
independent risk factor for cardiovascular dis-
ease ? .A 17-year follow up study in Busselton
( Western Australia ) .Ann. Epidemiol. 2004 ; 14
(9) : 627-32

14-Katapoids N , Hirshaut Y , Geller NL et alLipid-
associted sialic acid test for detection oh human
cancer Cancer Res. 1982 ; 42 : 5270-75

15-Guzel M , Tunay KA , Galip K et al Serum sialic
acids , total antioxidant capacity , and adenosine
deaminase activity in cattle with theileriosis and
anaplasmosis. Bull. Vet. Inst. Pulaway 2008 ; 52 :
227-30

16-Wayne W .D.Biostatistics , 8% | John Wiley and
Sons , USA, 2005

17-Majid Amir AM , Rezaei M , Goodarzi MT , et al
Some biomarkers in AMI.Res Health Sci, 2007 ; 7
(2):11-19

18-Lovlien MBS and Torstein H Women with MI are
less likely than men to experience chest symp-
toms .Scandinavia Cardiovascular J , 2006 ; 40 :
342-47

19-Inayat —Ur-Rahman , Malik SA , Wilayat AK Rela-
tion of serum SA with serum lipids in cardiac pa-
tients. Pakistan J. of Pharmaceutical Sci. , 2005 ;
18:71-73

20-Gokmen SS , Kilicli G , Ozcelik F et al Serum
total lipid bound —SA levels following AMI. Clin.
Chem. Lab. Med. , 2000 ;38 :1249—55

21-Lindberg G , Eklund GA , Gullberg BO Serum
SA concentration and cardiovascular mortal-
ity .BMJ 1991 ; 302 :143-45

22-Allain P, Olivier E , Le Brouil A et al Increase of
TSA concentration in the plasma of patients with
coronary disease .Presse Med. 1996 ;25 : 96-8

23-Gokmen S, Kazezoglu C , Bendigar S et al Rela-
tionship between serum SA , SA-rich inflammation-
sensitive proteins and cell damage in patients with
AMI. Clin. Chem. Lab. Med. 2006 ; 44(2) :199-
206

24-Berkan O and Sagban M Sialic acid or troponin
T to detect perioperative myocardial damage in
patients undergoing coronary artery bypass graft-
ing. Cir. J. 2002 ; 66 : 1019-23

25-Sonmez H , Ozturk ZG , Ulutin Tet al
Carbohydrate deficient transferring and sialidase
levels in CHD Thromb Res. 2000 ;99 : 311-5

26-Nigam PK , Narain VS , Chandra N et al.Serum
and platelet SA in AMLI. Ind .J. Clin Bioch 1995
;10 : 106-9

27-Reganon E , Martinez —Sales V , Vila V et
al .Relationship between fibrinogen protein and
fibrinogen function in postmyocardial infarction
patients .Thromb Res 2001 ;104 : 413-19

28-Karagenc T, llhan C , Karagin kf ,et al .Detection
of serum TSA in cattle with natural tropical theileri-
osis. Rev. Med. Vet. , 2005 ; 156 : 578-82

29-Breen KC The role of protein glycosylation in the
control of cellular sialyltransferase activity. Fees
Lett. , 2002 ;517 :215-18

65



