
mr.comwww.ejp 

 

Soran et al.                                                                      European Journal of Pharmaceutical and Medical Research 

 

    

66 

 

 

THE CORRELATION BETWEEN XANTHINE OXIDASE, LACTATE 

DEHYDROGENASE AND NITRIC OXIDE LEVELS IN SERA OF PATIENTS WITH 

MINOR Β-THALASSEMIA 
 
 

*1
Namama Soran. H., 

2
Govand Ali A. and 

1
Dlzar D. Ghafoor 

 
1
Department of Chemistry, Faculty of Science and Science Education, University of Sulaimani. 

2
Department of Biochemistry, Faculty of Medicine, University of Sulaimani.  

 
 

 

 

 

 
Article Received on 13/11/2015                                  Article Revised on 04/12/2015                             Article Accepted on 24/12/2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

β-thalasemia is a genetic blood disorder characterized by 

a partial or complete lack of the ability to synthesize beta 

chains of hemoglobin.
[1]

 The disease is more prevalent 

throughout the Mediterian region, Middle East, Africa 

and South Asia. Depending on the severity of the 

disease, three main groups of β-thalasemia have been 

described, which are β-thalasemia major, β-thalasemia 

intermedia and β-thalasemia minor.
[2]

 The process of 

beta-globin chain synthesis is controlled by a gene that is 

present in chromosome11.
[3]

 Imbalance between α- and 

β-globin chains  synthesis may be compensate for by 

increased γ-globin chain and fetal hemoglobin (HbF) 

synthesis which may improve the clinical manifestations 

of β-thalassemia. The membrane damage induced by the 

excess of free α-chains plays a crucial role in the 

shortening of erythrocyte life span and ineffective 

erythropoiesis. This led to defective hemoglobin 

synthesis, severe anemia, excessive iron absorption and 

iron overload in the patient tissues.
[4,5]

 

 

Excess iron that is produced from dietary absorption or 

multiple blood transfusion catalyze the production of a 

variety of reactive oxygen species such as hydrogen 

peroxide and superoxide anion. XO has been shown to 

be a major radical generating enzyme in biological 

system under ischemic conditions. The enzyme is 

expected to mainly be found in damaged tissues.
[6,7,8]

 The 

enzyme is involved in the metabolism of purines, 

catalyzing the conversion of both hypoxanthine and 

xanthine to uric acid.
[9,10]

 XO contains two Fe2S2 clusters 

and bound FAD, in the dehydrogenase NAD
+
 is the 

electron acceptor that oxidizes the bound FADH2. 

Xanthine dehydrogenase, in the absence of thiol 

compounds, is converted spontaneously into xanthine 

oxidase, propably as a result of a conformational change 

and formation of a disulfide bridge within the protein. 

Evidently in the oxidase form the NAD
+
 binding site has 

moved away from the FAD, permitting oxidation of 

FADH2 by O2 with formation of hydrogen peroxide.
[11,12]

 

 

Lactate dehydrogenase (LDH) is an enzyme found in 

nearly all living cells, catalyzes the reversible conversion 

of pyruvate to lactate, as it reversibly converts NADH to 

NAD
+
. In medicine, LDH is often used as a marker of 

tissue breakdown as LDH is abundant in red blood cells 

and can function as a marker for hemolysis.
[13,14]

 

 

Nitric oxide (NO) is a potentially toxic gas and a highly 

reactive inorganic free radical produced by most 

mammalians. NO have manifold physiologic functions 

including modulation of vascular tone, platelet 

aggregation, inflammation and neurotransmission.
[15]

 

Under normal condition NO combines with superoxide 

anion (O2
.-
) radical to protect organs but when NO and 

superoxide anion radical are produced in high quantities 

they react very rapidly to form peroxynitrite (NOO
-
) 

which may contibute to organ injury. NO itself is derived 

from L-Arginine by the action of NO synthase.
[16]
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The relationship among these parameters (XO, LDH and 

NO) is difficult to interpret in term of cause, though 

correlation between LDH, XO activity and NO levels in 

serum of minor β-thalassemia patients have not been 

studied before. So, the aim of the present study is to 

investigate the activity of these enzymes and the level of 

NO in β-thalassemia patients as indicators of the 

relationship between these parameters and the 

complication of the disease. 

 

MATERIAL AND METHODS 

Sample collection 

Patients with β-thalassemia minor who applied to the 

hematology polyclinic of central lab in Sulaimanyah 

city/Iraq between January 2015 and July 2015 were 

included in the study. Fifty five β-thalassemia minor 

patients aged between 9-40 years and 35 healthy subjects 

aged 7-42 years as a control group were recruited for this 

study. Pregnant, lactating women, history of 

tuberculosis, HIV, severe pancreatitis and malignancy 

were excluded from this study. Blood samples were 

collected from patients before blood transfusion. After 

clotting, serum was separated by centrifugation and the 

analytical determinations described below were either 

performed immediately, or serum was stored at -25
o
C. 

                                                                                                      

Statistical Analysis 

Data were expressed as mean ± standard deviation. 

Student t-test of two independent samples was used to 

compare between means. The statistical analysis was 

carried out using the statistical package for social 

sciences (SPSS version 16) and p values ≤ 0.05 between 

β-thalassemia minor patients and control group was 

considered as statistically significant. Bivariate analysis 

was carried out to find out the correlation among the 

parameters. 

  

Estimation of Xanthine Oxidase activity 

XO assay was performed by quantifying the rate of 

formation of uric acid by measuring the absorbance at 

290 nm. The reaction mixture was prepared by mixing 

0.1 ml serum with (1.9 ml 0.05 mol/L potassium 

phosphate buffer, pH 7.5 and 1ml of 2% w/v% 

hypoxanthine substrate). Time dependent increase in the 

absorbance at 290 nm was recorded against blank. 

 

The activity of xanthine oxidase is expressed as IU/L 

serum. One international unit of xanthine oxidase will 

metabolize one micromole of hypoxanthine per 

minute.
[17]

 

 

Lactate Dehydrogenase Assay 

Lactate dehyderogenase activity was determined by 

following the decrease in the absorbance at 340 nm 

resulting from the oxidation of NADH to NAD
+
. One 

unit of the enzyme causes the oxidation of one 

micromole of NADH per minute at 25°C and pH 7.3, 

under the specified conditions. The reaction mixture 

composed of (2.8 ml of 0.2 mol/L Tris HCl, pH 7.3, 0.1 

ml of 6.6 mmol/L NADH, and 0.1 ml of 30 mmol/L 

sodium pyruvate) was mixed with 0.1 ml of diluted 

serum. The absorbance was recorded at 340 nm after 5 

min to establish temperature calibration.
[18]

  

 

 
 

Nitric Oxide Assay 

Since NO is unstable and rapidly converted to nitrate and 

nitrite, so it is necessary to determine both nitrate and 

nitrite in serum samples. In this study serum 

nitrite/nitrate levels were measured 

spectrophotometrically at 545 nm using the Griess
[19]

 

reaction to convert all nitrate to nitrite. Serum nitrate was 

measure by subtracting direct nitrate from total nitrate. 

The results were expressed as micromoles per litre 

serum.  

 

RESULTS  

Serum XO activity in both β-thalasemia minor patients 

and normal individuals are shown in figure 1. A 

significant increase (p≤0.05) in XO activity was noticed 

in patients (28.618 ± 5.98) U/L compared to control 

group (10.226±1.326) U/L.   

  

The activity of LDH activity in serum of β-thalassemia 

minor patients compared with healthy control is shown 

in figure 1. The activity of the enzyme was significantly 

increased (p≤0.05) in β-thalassemia minor patients 

(308.4± 18.11) U/L compared to control group 

(201.46±7.94). 

 

Serum direct nitrate, total nitrite and nitrate levels were 

(10.115±1.47), (46.836±7.35) and (31.109±2.77) µmol/dl 

in β-thalassemia minor patients versus (28.874±4.11), 

(68.94±14.944) and (42.654±3.788) µmol/dl in control, 

respectively and the difference between the two groups 

were statistically significant (p≤0.05). 

  

Correlation analysis was performed among the 

parameters XO, LDH and nitric oxide levels represented 

by total nitrite.  Scatter plot (figure 2) was used to find 

whether there is positive or negative correlation among 

parameters. Correlation coefficient, shown in table 1, 

was calculated using statistical analysis.  

 

Table (1) shows the correlation analysis between the XO 

and the LDH activity and NO levels. Results showed no 

correlation among parameters in both control group and 

healthy individuals. Table 2 show Pearson correlation for 

each parameter in both control group and healthy 

individuals.  
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Figure 1: XO and LDH activities, DN, TN and Nitrate 

levels as (Mean ± SD). 

 

Table 1 Correlation coefficients (r) among the 

parameters in both healthy individuals (a) and 

patients (b).  

a.                                                                        

  

b. 

parameters XO LDH TN 

XO - - - - - -0.016 -0.063 

LDH -0.016 - - - - - 0.035 

TN -0.063 0.035 - - - - - 

 

 

 

 

 

parameters XO LDH TN 

XO - - - - - -0.177 0.225 

LDH -0.177 - - - - - -0.203 

TN 0.225 -0.203 - - - - - 
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Figure 2: Scatter plots for the correlation among 

parameters in both patients and healthy individuals. 

 

Table 2: Pearson Correlation for each parameter in both control group and healthy individuals. 
 

Parameters XO LDH DN TN Nitrate 

Cases Normal Thal. Normal Thal Normal Thal Normal Thal Normal Thal 

Pearson Correlation -0.034 0.284 -0.156 0.133 0.069 

 

DISCUSSION 

The activity of XO and LDH in serum of β- thalassemia 

minor patients was compared with healthy controls. The 

results of this study showed that XO and LDH are 

significantly increased compared to the control group. 

XO is an enzyme that is known to distributed widely in 

mammalian tissues.
[19]

 There are reports showing the 

presence XO in the liver, lung, heart, intestine and in the 

capillary endothelial cells.
[20]

 

 

Among the tissue components, endothelial cells in micro 

vascular systems constitute the most abundant source of 

the enzyme as compared with those in larger vessels
[21]

, 

because the enzyme reaction that transfers electrons from 

hypoxanthine to uric acid is coupled with a reduction of 

molecular oxygen in to superoxide  anion, XO has been 

considered to play a crucial role in the pathogenesis of 

oxidant induced micro vascular changes and tissue 

injury.
[22]
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Several studies have evaluated the oxidant and 

antioxidants statuses of thalassemia patients.
[23]

 

However; most studies have focused mainly on the 

severe and intermediate states of thalassemia and few 

data are available for the heterozygote profile.
[24]

 

Moreover, the oxidative status has not been evaluated for 

the different β-thalassemia mutations, although such an 

assessment is important due to the large genotypic and 

phenotypic heterogeneity of different populations.
[25]

 

With β-thalassemi, auto oxidation reflects the formation 

of superoxide radicals(O2
.-
) and hydrogen peroxide 

(H2O2) resulting in oxidative stress.
[26]

 

 

Oxidative stress is not only a simple imbalance between 

the production and scavenging of ROS (reactive oxygen 

species), but also a dysfunction of the enzyme involved 

in reactive oxygen species production. Dysfunction of 

NAD (p)H oxidase, activation of XO and dysfunction of 

the mitochondria are underlying signs of oxidative stress, 

therefore, XO is one of important therapeutic targets.
[27]

 

 

LDH was negatively correlated with XO and direct 

nitrate levels. Serum LDH levels are mildly elevated in 

β-thalassemia major due to infective 

erythropoeiesis.
[28,29]

 The pathophysiology relates 

directly to the accumulation of unmatched α chains 

bearing an obscure toxic effect. Increased cellular LDH 

activity reflected a shift towards anaerobic metabolism 

and increased glycolysis in the cytoplasm of thalassemia 

cell a ccompained by a high turnover rate. In conditions 

with tissue damage and rapid cell turnover, the serum 

LDH may rise and the isoenzyme distribution usually 

reflects that of the damage organ and cell.
[30,13]

 These 

data begin to suggest that LDH elevation may be a 

marker of hemolytic associated with thalassemia. 

 

A patients with β-thalassemia had significantly lower 

levels of serum NO than control groups. NO have 

manifold physiologic functions including modulation of 

vascular tone, platelet aggregation, inflammation and 

neurotransmission.
[31]

 

 

Bayraktal et al.
[32]

 have demonstrated that NO levels in 

β-thalassemia minor patients. Reports have shown that 

the free heme and the red cell membrane elements that 

are produced during hemolysis have a negative effects on 

NO and arginine availability, which in turn promotes 

vasoconstriction. They also lead to further endothelial 

dysfunction, resulting in a more pronounced NO 

reduction.
[33]

 oxidative damage especially due to iron 

overload and depleted of antioxidant play an important 

role in pathogenesis of thalassemia, increased oxidative 

damage in thalassemia may be due to the depletion of 

electron transports.  
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