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Abstract
Introduction: To investigate the relationship of xanthine oxidase activity with
nephrotic syndrome disorder in children, and the optimization of the enzyme
activity conditions in the disorder. Material and methods: Sera of children
with nephrotic syndrome (NS) (60 samples) were obtained from Central
Child Teaching Al Karama Hospital (CCTAH), from 2nd Mar. 2013 to 28th
Feb. 2014. Sera of the patients were assayed for xanthine oxidase (XO) activity
using colorimetric absorbance technique. The obtained results were compared
with the enzyme activity of normal children (70 samples) as control. Results
and conclusions: The results revealed a significant (P < 0.001) elevation in
XO activity in serum of nephrotic syndrome (0.12 ± 0.06 IU/L) compared
with that of normal subjects (0.05 ± 0.009 IU/L), showing an elevation of
(70%) in XO activity (about 2/3) that of normal group. Factors influencing
XO activities were also studied and showed that XO activity is a pH dependent. Significant elevation (P < 0.001) was found in uric acid level in sera of
NS patients (497.52 ± 3.21 µmol/L) compared with that in normal group
(298.12 ± 1.70 µmol/L). Elevation was found in urea level in sera of NS patient
(10.69 ± 7.55 mmol/L) compared with that of normal group (4.57 ± 1.27
mmol/L). It was appeared, there is a role of XO activity in the pathogenesis of
endothelial injury during glomerular lesion in NS and that was confirmed by
comparing XO activity and other related conditions with the activity of normal volunteers.
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1. Introduction
Nephrotic syndrome (NS) is a collection of syndromes due to kidney damage.
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This includes protein in the urine, low blood albumin levels, high blood lipids,
and significant swelling. The annual incidence of NS in children in USA and in
Europe has been estimated to be 1 to 7 per 100,000 children, with a cumulative
prevalence of 16 per 100,000 children [1] [2]. Nephrotic syndrome in children
can be classified according to three groups: secondary, congenital and infantile,
and idiopathic. Idiopathic nephrotic syndrome is the most frequent form of NS
in children representing more than 90% of cases between 1 and 10 years of age
and 50 percent after 10 years of age [2]. In NS, the kidneys let the protein leak
out in the urine. When this happens, the water in the blood escapes from blood
vessels and capillaries into the tissues of the body, which produce swelling (edema), i.e., kidneys become inflamed. Any swelling will be made worse if the kidneys try to hold more salt than they should to make up for losing the protein.
Minimal change disease is the most common cause of NS in children, accounting for 80% of all cases in children aged 4 to 8 years; it is also responsible for
20% of all cases in adults [3] [4]. The hallmark of minimal change disease is the
presence of normal-appearing glomeruli on light microscopy of a renal biopsy
specimen but effacement of the foot processes of the epithelial cell on electron
microscopy [5]. The multiplicity of etiology factors, associated conditions, underlying pathology, and pathologenesis makes it difficult to review NS without
encompassing all of the diseases that constitute the general group of glomerular
disease indeed, except for those processes that rapidly destroy the entire nephron
population, and virtually any glomerular lesion may be associated with proteinuria of sufficient magnitude to result in hypoalbuminemia and thus set into
motion of the pathophysiologic processes responsible for the constellation of
findings we call the NS. Proteinuria arising from defects in glomerular permeability can result from abnormalities in the charge selective or size-selective barrier [6] [7] [8]. Xanthine oxidase (XO) is defined as an enzyme activity (EC,
1.1.7.3.2) from class oxidoreductase and has 2 flavin molecules (bound as FAD),
2 molybdenum atoms and 8 iron atoms bound per enzymatic unite [9] [10]. XO,
a form of oxidoreductase that generates reactive oxygen species (ORS), which
affect kidney arteries and increase blood pressure and ultimately damage kidney
cells [11], is an enzyme that catalyzes the oxidation of hypoxanthine to xanthine
and can further catalyze the oxidation of xanthine to uric acid. Uric acid is released in hypoxic conditions. In human and higher primates, uric acid is the final oxidation (breakdown) product of purine metabolism and is excreted in
urine [12]. In human, XO is normally found in the liver and not free in the
blood. During severe liver damage, XO is released into the blood, so a blood assay for XO is a way to determine if liver damage has happened. The goal of this
study was to study XO activity and some factors affecting its activity, such as
concentration of substrate hypoxanthine, concentration of the enzyme XO and
pH of the medium, in patients to compare with control group, and to investigate
the relationship of XO activity with nephrotic syndrome disorder in children,
and the optimization of the enzyme activity conditions in the disorder. It may be
useful for diagnosis and monitoring of the disease.
DOI: 10.4236/jbm.2018.65014
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2. Material and Methods
Hypoxanthine was purchased from Fluka, Na2HPO4 and NaH2PO4 were purchased from BDH, Urate kit from Randox (UK), and Urea kit from Biomaghreb
(Spain). All other chemicals were of analar grade.

2.1. Selection of Criteria
2.1.1. Patient Group
Sixty patients were diagnosed as having NS. They are untreated males and females, their ages ranged between 1 - 12 years. They are attending the Central
Children Teaching Hospital (CCTH) at Baghdad (IRAQ) during the period from
2nd Mar. 2013 to 28th Feb. 2014. All the patients were diagnosed by specialized
physicians (nephrologists).
2.1.2. Control Group
Seventy normal volunteers, they have no any signs that suffering from any disease that may affect the study trial. Their ages were between 10 - 12 years old.

2.2. Collection of Blood Samples
Five to ten ml of blood venous was collected into plain tube both NS and normal
volunteers. Blood samples allowed to stand for 10 min. at room temperature,
then centrifuged at 3000 rpm. for 15 min. then clot was isolated. Sera (yellowish
in color) was separated and used for the determination of investigated parameters.

2.3. Methods and Principles
2.3.1. Determination of XO-Activity
The principle depends on catalysis of hydroxylation of hypoxanthine to xanthine
and oxidation xanthine to uric acid in further step [13]. The rate of formation of
urate from hypoxanthine is determined by measuring increased absorbance (Ab)
at 290 nm. A unit of activity is defined as: forming one micromole of urate per
minute at 25˚C using UV-Visible spectrophotometer from CECIL7200 (UK).
2.3.2. Determination of Urate Level
Serum uric acid was determined by enzymatic assay using Biomaghreb kit [14].
The principle described the oxidation of uric acid to allantoin and hydrogen peroxide formation. Hydrogen peroxide in the presence of peroxidase reacts with a
chromogen (amino-antipyrine and dichloro-hydroxy benzene sulphonate) to
yield quinoneimine, a red colored complex. The absorbance measured at 520 nm
(490 - 530) is proportional to the amount of uric acid in the specimen.
2.3.3. Determination of Urea Level
A colorimetric assay was applied using Randox kit [15]. The principle depends
on the degradation of urea to ammonia and water then the product in presence
of salicylate and hypochlorite resulted in the formation of green complex.
DOI: 10.4236/jbm.2018.65014
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2.3.4. Effect of Hypoxanthine Different Concentration
Different concentrations (1, 2, 3, 5, 10, 15, 20, 25, 30 mM) of hypoxanthine were
used to verify the best substrate concentrations that give maximum XO activity
and complex formation. Same protocol of XO activity was adopted [12]. The
analysis was applied for both NS and normal sera.
2.3.5. Effect of XO Concentration
Same protocol was adopted [16] and the only changes is that the assay applied
using different serum volume (10, 25, 50, 75, 100, 125, 150, 200 µL), and the assay was applied for both NS and normal sera.
2.3.6. Effect of pH Value
Same protocol was adopted [12] in investigating the effect of pH on XO activity
in both NS and normal sera, and the only exception was the use of different pH
values (5, 5.5, 6, 6.5, 7, 7.5, 7.8, 8, 9.2, 11, 12, and 13).

2.4. Statistical Analysis
SPSS version 22 for windows was used in the analysis of the data obtained. Statistical analysis was assessed using student t-test. Mean ± SD value was adopted in the
determinations. P-values less than 0.001 were considered statistically significant.

3. Results
3.1. Xanthine Oxidase Activity
Estimation of XO activity has been assayed (Table 1) and the results revealed
significant elevation (P < 0.001) in its activity in serum of NS patient (0.12 ± 0.06
IU/L) compared with control (0.05 ± 0.09 IU/L). The elevation was found to be
2/3 (71%) than the control.

3.2. Assay of Uric Acid and Urea
Results in Table 2 showed the mean ± SD of uric acid and urea in sera of both
normal objects and NS patients. Highly significant (P < 0.001) elevation was
found in uric acid compared with that in normal. A significant elevation (P
Table 1. Demographic and clinical characteristics of the study population.
Serum

NO.

Age (year)

XO Activity (U/mg) protein Mean ± SD

Normal

60

1 - 12

0.05 ± 0.01

Nephrotic syndrome

70

1 - 12

0.12 ± 0.01

P value

<0.001

Table 2. The Mean ± S.D of Uric acid and Urea in sera of normal and NS patients.

DOI: 10.4236/jbm.2018.65014

Parameter

No.

Normal

Nephritic syndrome

P Value

Uric acid (u mol/L)

41

298.12 ± 1.7

497 ± 3.21

<0.001

Urea (u mol/L)

70

4.57 ± 1.27

10.69 ± 7.55

<0.001
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< 0.001) was also found in studying the serum urea level in both normal and NS
objects.

3.3. Optimum Hypoxanthine Substrate Concentration
Hypoxanthine was used as a substrate in the investigation of XO activity. Different
concentrations of hypoxanthine were used to verify the appropriate concentrations that assure the Xo-Hypoxanthine complex formation through saturation of
the enzyme active sites. A 10 mM concentration was seen to achieve such saturation and formation of XO-Hypoxanthine complex, i.e., achieving XO activity.
This was furnished using Michaelis-Menton study state analysis (a plot of velocity vs. different concentrations of hypoxanthine) (Figure 1) [17]. The maximum
activity was observed at pH 7.5 and maximum temperature of 25˚C as best conditions for the catalyzed reaction of XO enzyme. This optimum hypoxanthine
concentration (10 mM) reflects the specificity of XO-enzyme in the catalyzed
reaction.

3.4. Effect of Increasing XO Concentration
Using increased enzyme content, the activity of XO enzyme was found to increase linearly with increasing enzyme concentration (Figure 2). This linear relationship explained the direct proportional of the rate of enzyme-catalyzed
reaction to the enzyme concentration under assay conditions [18].

3.5. Effect of pH Value
There are a number of distinct effects that a change in pH can have on enzyme
catalyzed reactions, e.g. inactivation of the enzyme outside a certain pH range or
a change in the ionization state of the substrate. A third possibility is that there
could be a change in the equilibrium position if H+ is involved in the reaction,

Figure 1. The effect of xanthine concentration on xanthine oxidase activity.
DOI: 10.4236/jbm.2018.65014
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Figure 2. The effect of serum volume on xanthine oxidase activity.

e.g. in the reaction catalyzed by the enzyme. In this case, increasing the pH will
displace the equilibrium in favors of product formation [18].

4. Discussion
Nephrotic syndrome divided into two main types; primary and secondary NS.
Primary is caused by congenital defect of the kidney; while secondary NS it
means other diseases affect the kidney. It is a common disorder characterized by
alteration in permeability of the glomerular capillary wall, resulting in its inability to restrict the urinary loss of proteins, hypoalbuminemia, hyperlipidemia associated with peripheral edema [15]. A suggested explanation for such behavior
is the possibility of reactive oxygen species (ROS) mediators of glomerular injury
[16]. Thus, NS is regarded as a consequence of an imbalance between oxidants
and antioxidants activity. It was observed that super-oxide mediated oxidative
injury degrades the glomerular basement membrane and reduces de novo synthesis of proteoglycans that affects the glomerular permeability [19]. So that in
an experiment in a complex rat model with chronic glomerulonephritis, it was
suggested that induction of XO, with increased oxygen radical generation [20],
was involved in aggravation of tubulointerstitial injury [21]. It was mentioned
that XO could be a major cause of increased ROS generation, and it was found
that the activity of this oxidase was two-to three-fold higher. Based on these results, XO dependent oxidative pathogenesis mechanisms could play an important role as mediator in renal damage, and which, in turn, facilitated the increased macrophage infiltration in the kidney [21] [22]. A recent research has
concentrated on mechanisms to reduce the formation of ROS rather than a scavenging approach to already formed ROS21. Elevation in XO activity was also
found in a subsequent follow-up study that found a significant benefit in paDOI: 10.4236/jbm.2018.65014
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tients with high baseline urate, which could imply either high XO activity [23].
Increasing serum urea and uric acid in nephritic syndrome obtained by Dakshinamurty et al. (2002) [24] who used mg/L as adopted units. A suggestion has
been made that there could be minimal to gross impairment of renal function
during the onset and progression of a kidney disease or renal disorder [25]. This
impairment may range from subclinical to complete renal function. Blood biochemistry has been of great help in the assessment of renal function. Simultaneous increases in the levels of blood uric and urea have been observed during a
variety of renal disorder [26]. The main feature of NS is that the kidney leak a lot
of protein and urea is the end product of protein degradation. The main reason
why fluid leaks out from the blood vessels into the body tissues with NS is because of a low level of protein in the blood. As protein is lost from the body in
the urine, the body makes more protein in the liver which passes into the blood
stream. However, intime the amount made by the liver cannot keep up with the
amount lost by the kidneys, it is degraded to urea that elevated and so the blood
level of protein goes down [27] [28]. It has been proved that urate levels are
found to be elevated six-fold, reflecting accelerated purine oxidation during disease progress. Therefore XO production may not necessarily be reflected by systemic levels of XO metabolites [29]. States of high cell turnover and alcohol ingestion are the majority of cases of elevated serum uric acid, and the population
distribution of level result from differences in renal excretion [17]. The pH has
an effect on the tertiary structure of the enzyme, and therefore, on its activity, so
that the enzyme may be irreversibly denatured at extreme pH value [18]. As it
was clear (Figure 3), that XO-activity seems to be highly sensitive to the changes
in pH of NS serum compared with control. This was observed from the sharp
peak obtained in case of NS. The pH value between 6 - 7.5 reflects the facts

Figure 3. The effect of pH on xanthine oxidase activity.
DOI: 10.4236/jbm.2018.65014
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that denature in the complex formed could be occurred in control while in NS a
slight resistance take place. Most obviously, increasing the pH value to (8), this
was resulting in a deep prohibition in control XO-activity. Using pH value between 12 - 13, the XO activity as seen reach zero value in both cases and this can
be explained to be due to the probability of denaturation of the complex formed
and/or the occurring of a re association of the complex [30].

5. Conclusions
The results can be concluded as:
1) Significant (P < 0.001) elevation in XO activity in serum of nephritic syndrome (0.12 ± 0.06 IU/L) compared with that of normal subjects (0.05 ± 0.009
IU/L).
2) Factors influencing XO activities were also studied and showed that XO activity is a pH dependent. Significant elevation (P < 0.001) was found in uric acid
level in sera of NS patients (497.52 ± 3.21 µmol/L) compared with that in normal
group (298.12 ± 1.70 µmol/L).
3) Elevation was found in urea level in sera of NS patient (10.69 ± 7.55
mmol/L) compared with that of normal group (4.57 ± 1.27 mmol/L).
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