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Abstract 

In thalassemia patients blood transfusion is the mainstay of therapy. Blood transfusion is 

associated with oxidative stress. Oxidative stress has its influence on plasma proteins. The present 
study was carried out to explore the level of sialic acid content and oxidative changes in serum 

proteins of thalassemia subjects on regular blood transfusion. Blood was collected from 

thalassemia patients receiving long duration of blood transfusion and from newly diagnosed cases 
of thalassemia who never receive blood transfusion and from carriers or traits of thalassemia as 

control. The extent of carbonylation and desialylation of serum protein was estimated by 

dinitrophenylhydrazine and thiobarbuturic acid method respectively. The effects of in vitro 
treatment of serum protein H2O2 on the above mentioned parameters were observed. 

Carbonylation of serum protein was significantly higher and sialic acid content of serum protein 
significantly lower in thalassemia subjects on regular blood transfusion. A significant negative 

correlation exists between carbonylation and sialic acid content of serum protein. Enhanced 

desialylation and carbonylation of serum protein by in vitro H2O2 treatment suggest that oxidative 

stress can cause desialylation of serum proteins. 

© 2013 GESDAV 

 
INTRODUCTION 

Sialic acid is a terminal carbohydrate residue of several 

glycoproteins. It is a negatively charged polar molecule 

which maintains the conformation of glycoprotein 

having major role in function and life span of a 

glycoprotein [1]. Removal of terminal sialic acid 

known as desialylation and the protein without sialic 

acid termed as asialoglycoprotein [2]. Desialylation of 

protein unmask the subterminal galactose residue and 

thus are removed from circulation by galactose receptor 

of liver resulting in immature termination [1, 2]. 

Thalassemia syndrome is an inherited disorder of alpha 

and beta globin chain biosynthesis. The reduced supply 

of globin chain diminishes the production of 

hemoglobin tetramers, causing hypochromia and 

microcytosis [3]. In beta thalassemia decreased or 

impaired biosynthesis of beta globin chain leads to 

accumulation of unpaired alpha chains within red blood 

cells (RBC) [4]. Oxidation of excess alpha chains 

results in accumulation of hemichromes, causing 

structural and functional alteration of RBC membrane 

[5] 

Blood transfusion is the mainstay of therapy in case of 

thalassemia [3]. Individuals with beta-thalassemia 

undergo frequent blood transfusion leading to an iron 

overload [3, 6]. Which again precipitate further 

oxidative stress by Fenton’s reaction [6]. This 

uncontrolled oxidative stress may alter the overall 

redox status of beta-thalassemia patients. Several 

authors have shown higher levels of oxidative status 
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markers and depletion of antioxidant reserves in 

thalassemia patients [5, 6]. Though being life saving for 

the patients, blood transfusion for a long duration can 

lead to lethal iron overload. Each unit of blood contains 

approx. 200 mg of iron. A patient, who receives 25-30 

units of blood per year in absence of chelation, 

accumulates more than 70 g of iron by 3
rd

 decade [7]. 

Iron accumulates in chronically transfused patients 

because no mechanism exists for increased iron 

excretion. Patients who have fully saturated transferrin, 

a significant factor of total iron in plasma circulates in 

the form of low molecular weight complex, not bound 

to transferrin or non-transferrin bound iron (NTBI) 

[6, 7]. This NTBI-induced peroxidative injury to 

phospholipids of lysosomes and mitochondria produced 

by free hydroxyl radicals is the most important factor 

for morbidity in thalassemia [8]. Under physiological 

condition, iron bound to transferrin is not available to 

catalyze the conversion of molecular oxygen to highly 

reactive free ions by Fenton reaction. NTBI, however, 

causes oxidative damage to cell and organelle 

membrane by generating free radicals [6, 8, 9]. 

Free radicals can impart important changes in 

secondary structure of proteins like cross-linking or 

carbonylation, etc. Carbonylation of proteins is an 

established marker of oxidative stress [10]. Due to 

carbonylation the proteins become more susceptible for 

proteolysis [11, 12]. So, increased oxidative stress 

causes carbonylation of serum proteins as well as 

removal of terminal sialic acid residue of the protein 

molecule [13-15].  

Very little study concerning protein oxidative damage 

in thalassemia has been carried out. The aim of this 

present study is to find out whether serum protein 

desialylation can act as an indicator of iron overloading 

due to long duration of transfusion therapy and 

oxidative stress in thalassemic individuals. 

 

MATERIALS AND METHODS 

Consent and ethical clearance  

Present study was done in Department of Biochemistry 

Medical College, Kolkata, West Bengal, India. During 

blood collection, informed consent was taken from all 

subjects/guardians. Ethical clearance for this work was 

given by the institutinal ethics committee.  

Control subjects 

Group A: 20 newly diagnosed cases of thalassemia 

syndrome who never received blood transfusion  

Group B: 40 age and sex matched thalassemia carriers 

or traits who never received blood transfusion  

Selection of cases 

Group C: 30 Patients of thalassemia syndrome 

receiving blood transfusion for a long time; > 2 years, 

receiving ≥ 20 units blood transfusion per year without 

any chelation therapy. 

Collection of blood 

Ten milliliters of venous blood was collected from 

cases and controls with proper aseptic technique 

without any anticoagulant. The clotted blood was 

centrifuged at 1500-2000 rpm speed for 3-5 min for 

separation of serum. For quality control pooled serum 

free from any hemolysis was used and kept in deep 

freeze (–20°C) after dividing it in several aliquots.  

Assay of carbonylation of serum protein (Levine’s 

method [16 ]) 

Serum was first separated and treated with 10% 

trichloroacetic acid (TCA) to precipitate the protein 

content. Now this precipitated protein was washed 

thoroughly with ethanol/ethylacetate mixture to remove 

impurities. Then 2,4-dinitrophenylhydrazine (DNPH) 

was added to this precipitated protein. DNPH reacts 

with carbonylated protein and was converted into  

2,4-dinitrophenylhydrazone. 2,4-dinitrophenylhydra-

zone has a specific color which was measured at 

370 nm using a dual beam spectrophotometer 

(UV5704SS; Electronics Corporation of India, 

Hyderabad, Andra Pradesh, India). Intensity of color of 

the measured solution was proportional to the 

concentration of carbonylated protein which can be 

calculated by using the molar extinction co-efficient of 

carbonylated serum protein. HCl was used as blank 

solution. Intraassay CV% was 3.4 and interassay CV% 

was 5.16. 

Estimation of serum sialic acid (Modified Aminoff’s 

method [17]) 

Colorimetric assay for sialic acid is based on periodate 

oxidation followed by the reaction with thiobarbituric 

acid (TBA) and depends on formation of a hexose,  

5-uluronic acid product (which is a pre-chromogen) by 

the periodate cleavage of C6-7, C7-8, C8-9 bonds in free 

sialic acid. There is eventual formation of β-formyl 

pyruvic acid from free sialic acid. This in turn reacts 

with TBA to yield a chromosphere with absorption 

maximum at 549 nm. Measured using dual beam 

spectrophotometer (UV5704SS); intraassay CV% 2.9 

and interassay CV% 4.4. 

Estimation of serum glycoprotein [18] 

After removing heat coagulable proteins by means of 

perchloric acid, glycoproteins, which remain in 

solution, are precipitated by phosphotungstic acid. The 

amount of glycoprotein precipitated has been estimated 

by determining its carbohydrate component by the 

reaction with an orcinol-sulphuric acid reagent; its 

protein content was measured by Lowry’s method [19] 

and its tyrosine content by using Folin-Ciocalteu 

reagent. 
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Estimation of serum ferritin concentration [20] 

Ferritin was measured by a solid phase enzyme 

immunoassay based on the ‘sandwich’ principle. Two 

separate antibodies directed against distinct antigenic 

determinants of the ferritin molecule were utilized in 

the assay; intraassay CV% 2.8, interassay CV% 4.8. 

Estimation of serum iron (ferrozine method [21]) 

Iron bound to transferrin is released in an acidic 

medium and the ferric ion is reduced to ferrous state. 

The ferrous ion reacts with ferrozine to form a violet 

colored complex. Intensity of the complex is directly 

proportional to the amount of iron present sample; 

measure absorbance at 578 nm. 

Estimation of serum protein (biuret method [22]) 

Total protein was measured by biuret method using 

Autoanalyser XL-600 (Transasia, Mumbai, India). 

In vitro treatment of serum protein with hydrogen 

peroxide and water 

Four milliliters of serum from 30 control subjects, i.e. 

the cases of thalassemia carrier or trait never receiving 

blood transfusion, was collected and divided into two 

parts. One part was treated with 0.47 mol/l H2O2 for 4 h 

in order to study the effect of oxidative stress on serum 

protein. Both serum carbonylation and sialic acid 

content is measured. Other part of the samples is 

treated as control by adjusting the volume with water. 

Now both the samples are washed with 95% ethanol 

and serum carbonylation and serum sialic acid status is 

measured by above mentioned methods. 

Statistical analysis 

Data obtained were first analyzed for significance of 

differences of means between the case and control 

groups by independent t test. For assessing intragroup 

and intergroup variation one way Analysis of Variance 

(ANOVA) test is done. Finally to find out correlation 

between the parameters of both case and control groups 

bivariate correlation analysis is done. For all tests, ‘P’ 

value was considered to be significant if it was less 

than 0.05 at a confidence level of 95%. All statistical 

analyses were performed with the help of the SPSS 

software (version 17). 

 

RESULTS AND DISCUSSION 

In this study the level of serum protein carbonylation, a 

marker for oxidative stress, is significantly higher in 

the patients with thalassemia syndrome with regular 

blood transfusion than both control groups (Table 1). 

So it can be concluded that oxidative stress is 

significantly increased with increased duration of blood 

transfusion. Apart from albumin most of the serum 

proteins are glycoprotein in nature [23]. Several recent 

studies showed that oxidative stress is the main cause 

of desialylation of glycoprotein of platelets and LDL 

particle [7, 24]. Though the exact mechanism is not 

known clearly. 

In present study there is a clear relationship between 

the duration of blood transfusion and desialylation of 

serum protein: more the duration of transfusion more 

the level of desialylation. Sialic acid content of serum 

protein is significantly lower in the case population 

than both control groups (Table 1). This indicates that 

desialylation process of glycoprotein is enhanced with 

blood transfusion of long duration. Serum glycoprotein 

is also significantly higher in case population than both 

control groups (P < 0.001; Table 1). So, there is 

hypercatabolism of serum glycoprotein due to long 

duration of blood transfusion [2]. 

In this case oxidative stress generation is aggravated by 

blood transfusion-induced iron overload. Serum iron 

and ferritin content is significantly higher in the group 

with repeated blood transfusion which proves that iron 

load increases the oxidative stress in this population 

(Table 1). Serum ferritin concentration tends to 

increase linearly with cumulative transfusion volume 

[6, 25]. There was strong intra-patient correlation 

between serum ferritin concentrations and transfused 

blood volume [25]. 

 
Table 1. Overall results of the three groups; results are displayed in the form of mean ± standard deviation and P values (level of 

significance at 95% CI) were the result of the one way ANOVA test 

Parameters (unit) 

Subjects without 

disease and 

transfusion 

Newly diagnosed 

cases without 

transfusion 

Cases of thalassemia who 

received blood transfusion 

for several times 

P 

value 

Serum protein carbonylation 

(nmol/mg of serum protein) 
0.81 ± 0.13 1.35 ± 0.12 2.28 ± 0.19 < 0.001 

Sialic acid content of serum protein 

(µg/mg of serum protein) 
2.57 ± 0.29 2.28 ± 0.33 1.53 ± 0.21 0.001 

Serum glycoprotein (mg/ml of serum) 74.07 ± 10.11 67.38 ± 10.2 87.39 ± 9.3 < 0.001 

Serum ferritin (ng/ml) 50.55 ± 7.69 38.29 ± 13.67 163.55 ± 43.84 < 0.001 

Serum iron (µg/ml)  36.47 ± 13.02 32.5 ± 8.69 157.89 ± 43.5 < 0.001 

Serum protein (g/dl) 7.92 ± 0.23 7.52 ± 0.44 7.45 ± 0.56 < 0.001 
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Table 2. Results of unpaired t-test among study groups (P values) 

Parameters Group A vs B Group A vs C Group B vs C 

Serum protein carbonylation < 0.001 < 0.001 < 0.001 

Sialic acid content of serum protein 0.001 < 0.001 < 0.001 

Serum glycoprotein 0.015 < 0.001 < 0.001 

Serum ferritin 0.001 < 0.001 < 0.001 

Serum iron 0.117 < 0.001 < 0.001 

 

Table 3. Carbonylation of serum protein and serum sialic acid content after in vitro treatment of serum protein with hydrogen 

peroxide and water (mean ± SD) 

Cases (n = 30)  
Carbonylation of serum protein 

(mmol/mg of protein) 

Sialic acid content of serum protein 

(µg/mg of protein) 

Treatment with hydrogen peroxide 2.03 ± 0.43 1.42 ± 0.94 

Treatment with water 1.56 ± 0.46 3.01 ±0.23 

 
In vitro treatment of serum protein with H2O2 for 4 h 

caused increased level of carbonylation of serum 

protein and decreased sialic acid content of serum 

protein. This indicates that oxidative stress causes 

desialylation of serum protein (Table-3). Serum protein 

carbonylation and sialic acid content of serum protein 

represented a significant negative correlation in both 

case and control groups: case, r = -0.448 and P = 0.009; 

control, r = -0.337 and P = 0.003. It can be concluded 

that these two parameters may be interrelated and 

dependent on each other. Their mechanism of 

generation may be same, i.e. transfusion induced 

oxidative stress. 

The patients suffering from thalassemia who get 

regular blood or erythrocyte transfusion suffer from 

iron overload [5]. Toxic ‘free iron’ in thalassemia may 

produce oxidative stress in different tissues of the body 

[26, 27].This oxidative stress may decrease life span of 

erythrocytes by altering the secondary structure of 

membrane proteins of RBC [25, 28]. Free extracellular 

(labile plasma iron) and intracellular (labile iron pool) 

iron species that have been identified in thalassemic 

blood cells are responsible for generation of oxidative 

stress by catalyzing formation of oxygen radicals over 

the antioxidant capacity of the cell [29]. On the other 

side, desialylation of RBC membrane protein unmask 

the subterminal galactose residue and thus desialylated 

RBCs are removed from circulation by galactose 

receptor of liver [30, 31]. So, half life of transfused 

RBC is decreased resulting in requirement of repeated 

blood transfusion which ultimately leads to more and 

more iron overload and thus oxidative stress. So, more 

the duration of blood transfusion more the iron 

overload-induced oxidative damage, and more the 

degree of desialylation of serum protein.  

Desialylation can be estimated easily in laboratory by 

above mentioned simple method and the test is cheap 

also. So it would be advantageous to use serum protein 

desialylation as a marker of duration of transfusion 

therapy.  
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