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Abstract
Change in glycosylation is quick and dramatic process which leads to various pathological conditions.

Over expression of sialylation is noted in various diseases. Though sialylation is one of the prominent
features associated with acute phase protein, Desialylation results in clearance of protein or tinted cell.
Impact of alcohol on Sialic acid of cell membrane needs to be investigated. In present study we estimated effect
of alcohol on Sialic acid of erythrocyte membrane in male alcoholics without liver disease and correlated its
value with GGT, a biomarker of alcohol abuse. We found significant increase in Sialic acid level in plasma
with noteworthy decrease in membrane Sialic acid levels.  Plasma GGT revealed Positive correlation with
plasma Sialic acid where as negative correlation with membrane Sialic acid. As alcohol has definite effect on
Sialic acid. Sialic acid can be used as marker to differentiate non-alcoholic from alcoholic before any clinical
symptoms appear.
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Introduction

Glycosylation is a common post-translational
modification associated with normal physiological
functions of biomolecule in the cell. It is subjected to
regulation in response to cellular location and
metabolic state of the cell.[1] Glycosylation is robust
as it allows masking of variation but in the appropriate
context. Glycan molecule when attached to free
protein or lipid it offers stability by manipulating their
turnover. When they are integrated in membrane,
function as receptor – ligand interaction, cell-cell
signaling and cell recognition. However, a precise
molecular mechanism involved is still unknown[2]
Sialic acids, a family of 9-carbon containing acidic

monosaccharide, forms terminal sugar in glycan unit
of glycoconjugates which is present either on the cell
surface or in circulation [3]. All vertebrates make some
form of Sialic acid because it is needed for proper
development and growth[4]. Sialic acid offers negative
charge and plays vital role in cell surface interaction
[5] protection of cell from membrane proteolysis[6],
determine the half-life of protein[7] and has some
innate immunity function[8] Sialylation is the most
prominent feature associated with serum acute phase
glycoprotein[9]  Over expression of Sialic acid has
been noted in cancer,[10] Rhematoid arthritis, [11]
Cardio vascular and Ischemic heart disease, Diabetes
mellitus[12], and congenital glycation disorders[13].
Desialylation results in early clearance of protein from
circulation or senescence of red blood cells. Loss of
Sialic acid from the red blood cell membrane surface
is blamed for loss of negative charge and its altered
osmotic fragility or red blood cell indices. Changed
in Sialic acid levels are observed during pathogenesis
which recovers back to normal on recovery of disease
condition [14,15].  Anemia, altered erythrocyte indices
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with distorted cell morphology,  increased osmotic
fragility and reduced life span of red blood cell are
common findings among alcoholic patients[17].
Carbohydrate deficient Transferrin, loss of membrane
bound glycoprotein enzyme Gama Glutamyl
transpeptidase (GGT) and Na, K ATPase indicate
impact of ethanol on glycoconjugates. Even change
in microenvironment of cell has demonstrated change
in membrane composition[18,19] Current trend in cell
biology is to study the mechanism of regulatory
cellular function through specific structural and
functional molecules rather than classical enzymes.
Abnormal protein glycation is highly involved in
disease development [20] Though change in
glycosylation occurs quickly and dramatically in
various pathological conditions very less is known
about its cause, mechanism and significance behind
such aberrance. Oligosaccharide chain of glycoprotein
is extremely heterogeneous and exact chemical nature
of glycoprotein epitomes is basically unknown. Ability
of alcohol to fluidize and swell plasma membrane is
well documented, which is likely to be the result of
altered orientation of glycoconjugates embedded in
cell membrane. Both, glycoprotein and glycolipid have
Sialic acid as terminal sugar unit. Thus study of Sialic
acid of glycoconjugates on cell membrane perhaps
has importance in diagnosis and healing among
alcohol abuse. Hence present study was undertaken
to estimate Sialic acid level in serum and in
erythrocyte membrane to explore its prognostic value
in alcohol abuse before any clinical symptoms of liver
disease appear. Also levels of Sialic acid were
correlated with serum GGT, an existing biomarker in
alcohol abuse.

Materials and Methods

Present observational case control study was
approved by Institutional ethical committee. One
hundred male persons in the age group 25 to 48 years
were enrolled as study population. Fifty Male subjects
visiting psychiatric or Medicine outpatient
department of SDM medical Hospital and habituated
to alcohol intake, minimum three times a week, in the
age group of 25 to 48years and not having any
reported hepatic complications were considered
under Alcoholic group.  Fifty ages matched healthy
male individuals from blood donors list of our
hospital blood bank having absolutely no history of
alcohol intake or any other habits or any reported
systemic disease were selected and enrolled to form
control group.

After obtaining informed written consent from each
individual, 4.0 ml venous blood sample was collected

in 0.4ml of 3.8% Na-citrate as anticoagulant by taking
all aseptic precaution. Blood sample was centrifuged
at 3000RPM for 5minutes. Plasma and packed
erythrocyte were separated. Plasma sample was
subjected for estimation of Gama Glutamyl-
transpeptidase (GGT), Alanine amino transferase
(ALT) and Aspartate amino-transferase (AST)
enzymes activity by spectrophotometric assay kit
obtained from Sigma – Aldrich. Total Plasma Sialic
acid was estimated using diphenylamine method as
described by WinzlerBJ [21] Erythrocyte membrane
was isolated using the modified method of Dodge JT
[22]. Erythrocyte suspension was hemolysed using
20 mMol/L of phosphate buffer of pH 7.4 and
centrifuged. The procedure was repeated using the
same solution but 10 mMol/L and 5 mMol/L
concentration in order to wash off the hemoglobin
from the erythrocyte ghosts. Isolated erythrocyte
membrane was subjected for Protein estimation by
Lowery’s method using BSA as standard and Total
membrane bound Sialic acid estimation by
diphenylamine method using N-Acetyl neuraminic
acid as standard.  All data were expressed as mean
standard deviation (SD). Comparison of the levels of
SA and GGT in serum of alcohol-dependent
individuals and control subjects were performed
using Student’s t -test. For correlation analysis, the
Spearman correlation coefficients (r) were calculated

Result and Discussion

The main observations emerged out from present
study on alcohol abuse male without any liver disease
is, significant increase of total Sialic acid levels in
plasma (813.38 ± 86.24; P<0.001) with noteworthy
corresponding decrease of erythrocyte membrane
bound Sialic acid (79.24 ± 49.02; P<0.001) when
compared to control. Though decreased level of
membrane protein was observed, it remained non-
significant. On comparing the activity of liver
enzymes, ALT and AST, which remained unchanged
but activity of GGT has shown threefold increase (72.4
± 9.2) in alcohol abuse as compared to control
group(21.8 ± 11.6). Also plasma Sialic acid and GGT
have shown positive correlation (r = + 0.423; p< 0.001).
Whereas membrane bound Sialic acid and plasma
GGT have shown negative correlation (r = -0.284;
P<0.001).

GGT is a known biomarker of current alcohol abuse
[23]. Thus observed elevated levels of GGT among
alcoholic group suggest cells are presently under the
influence of alcohol. Simultaneously normal levels of
Liver enzymes ALT and AST validates unaffected liver
function. Our observation is in concurrence with
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finding of Daniel SP (2000) [24] Our result of Sialic
acid are in agreement with the findings of Cylwik B
(2009) [25] Alcohol metabolism is known to induce
oxygen deficit (hypoxia), it alters NADH/NAD ratio
resulting in the formation of ROS which leads to
imbalance in cell redox state. Both, acute and chronic
alcohol consumption can increase ROS production
and leads to oxidative stress [26]. A positive
correlation between lipid peroxidation marker
Malondialdehyde and Sialic acid [27] and
decomposition of Sialic acid from the oxidatively
stress aged erythrocyte have been reported [28]. The
impact of alcohol on various tissues depends on
alcohol concentration in blood, individual difference
in clearance and duration of exposure. During the
course of alcohol exposure, erythrocytes by compulsion
get exposed to oxidative stress resulting in membrane
protein and lipid oxidation [29]. Membrane bound
Sialic acid is related to glycophorin A, oxidation of
protein may shed off negatively charged Sialic acid
causing altered rheological properties and increased
membrane fluidity observed frequently in alcohol abuse
[30,31] Combined effect of induction of plasma
sialidase and inhibition of sialyltransferase observed
in alcohol abuse [32] may result in loss of Sialic acid
from erythrocyte membrane and increased level in
plasma. Desialylation per se is responsible for
clearance of tinted biomolecule or cell whereas, heavily
sialylated plasma protein is responsible for
immunological function. Thus does this selective
sialylation and desialylation indicates an adaptive
process to protect the organism from excessive damage
and cell death remains to be explored [33]. Our findings

of increased serum Sialic acid and decreased
concentration of membrane Sialic acid correlates with
scientific reports [34,35]. Similar results have been
reported in many other oxidative stress related diseases
[36] Alcohol, an organic solvent, can diffuse across
membrane and metabolized by enzyme Alcohol
dehydrogenase resulting in generation of free radicals
and acetaldehyde. Acetaldehyde is highly reactive and
toxic byproduct having strong affinity for protein and
forms adduct [37]. Adducts contribute to cell damage
because it is recognized as foreign and generates
immune molecules against them [38,39]. In turn body
senses it as unwanted and clears them off but, this
leads to loss of membrane bound glycoconjugates
also. Positive correlation of GGT with serum Sialic
acid and negative correlation with membrane Sialic
acid may be used as marker in prognosis of damage
due to alcohol abuse.

Thus, altered levels of Sialic acid observed in
plasma and erythrocyte membrane may be the result
of an individual or cumulative effect of Oxidative
stress, Acetaldehyde or Sialo enzymes on
glycoconjugates.  Again there is a reason to assume
increased serum sialic acid may have been derived
from various organ cells which are also exposed to
similar microenvironment change. Thus
glycoconjugate of cell membrane is the important
target in biological action of ethanol exposure. Thus
SA determination helps differentiate between
alcoholic from  non-alcoholic before any symptoms
of  liver disease appear and can be used as marker of
alcohol abuse diseases.

Table 1 : Biochemical characteristics of the male Alcoholic and Control group subjects.
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