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Abstract 

Nephrotic syndrome is one of the common pathological cases in children in Karbala, Iraq. The disorder of amino 

acids metabolism can be considered as a major cause of the nephrotic syndrome, especially in children, and 

disorders of protein and amino acids metabolism can include conditions that occur when the body is unable to 

break down certain amino acids or their production, which leads to the accumulation of toxic substances for some 

substances or a deficiency in the production of beneficial compounds. This work was included children with 

nephrotic syndrome (n=50) and healthy children (n=50) within the age group (2-10 years). Samples (urine and 

blood) were collected for the participants of the study (patients and healthy volunteers).Thin-layer 

chromatography (TLC) technique was used to identify the amino acids in urine samples, which were conducted in 

the study (50 healthy, 50 patients) by comparing the distance and the colour of the complex produced by standard 

solutions with the distance and colour of 20 predicted amino acids. The eight amino acids were identified in urine 

samples in this study (glutamine, threonine, asparagine, leucine, serine, alanine, glycine). The comparative 

biostatistical analysis between groups of patients and healthy people in the study showed the following results: (i) 

the level of glutamine in urine for patients with nephrotic syndrome more than in the healthy children, where the 

percentage in the infected was 22%, while in the healthy ones was 5%, and the probability value was p = 0.0001. 

(ii) There are significant differences in the level of asparagine between patients and healthy, where the value of 

the amino acid for patients was 38%, while in the healthy controls it was recorded 46% with a significant difference 

at the level of probability (P<0.001), (iii) A significant decrease of serine in the urine of patients, and it was 3% 

compared with the healthy 22%,  with p = 0.0001, (v) Decrease in the percentage of lysine in the urine of patients 

with nephrotic syndrome16% compared to the healthy 46% with a level of probability (P<0.0001), these results 

clearly indicate to the relationship of the levels of various amino acids between the children with nephrotic 

syndrome and healthy children. 
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Introduction 

Nephrotic syndrome is a condition in which the kidneys infiltration of large amounts of protein into the 

urine (1). This can be considered a huge problem, which may lead to complicated disorders including 

swelling of body tissues and a higher chance of infection. Nephrotic syndrome is one of the most 

common reasons for referral to a pediatric nephrologist for evaluation, although its malignant 

appearance often delays diagnosis (2). Disorders of protein and amino acid metabolism can include 

conditions that occur when some amino acids cannot be broken down or produced by the body, 

resulting in a toxic build-up of some substances and/or a deficiency in others, although the nephrotic 

syndrome can affect people in any age,it is usually first diagnosed in children between the ages of 2 and 

5 years (1). 

Prior studies were conducted for several centres in the United States of America for children and adults 

showed that the most important causes of nephrotic syndrome (NS) are: Minimal Change Disease (MCD 

27%), Focal segmental glomerulosclerosis (FSGS32%), membranous nephropathy 15% and other 

glomerular nephropathy 27% (3).An American study showed thatthe higher incidence of African 

American children compared to children of European descent (4). This study showed that African 

American children have a higher risk to develop FSGS compared to children of European origin and in 

general they are more likely to develop nephrotic syndrome than European children and this was 

demonstrated by kidney biopsy 42-72%. The probability of having Steroid-resistant nephrotic syndrome 

(SRNS) alsovaries by both the ethnic and geographic location, with 20% of cases reported in European 

children, 16-27 % in Africans, 27-54% in Asians and 20-39% in South Asians (5). 

In Iraq, a recent study showed that there is a relationship between blood pressure and nephrotic 

syndrome, and the high blood pressure in patients with nephrotic syndrome in males more than in 

females (6). Therefore, nephrotic syndrome (NS) is currently considered a common disease in children 

where the incidence of NS in childhood has been reported as 4.7 (range 1.15-16.9) per 100,000 children 

worldwide, with great variation according to ethnic differences and geographical location (7). In 

addition, it is diagnosed by observing the leakage of protein from the blood into the urine through the 

damaged glomeruli. In hypoalbuminemia (albumin <25 g/L) and edema, the percentage of protein in 

urine increases (hourly ≥40 mg/m2) or the percentage of protein/creatinine in urine 200 mg/mL or by 

the appearance ofprotein in a special strip to measure protein in the urine.Many cases of nephrotic 

syndrome were recorded, where they were diagnosed as hereditary.As a result, the appearance of 

pathological symptoms during the first three months of the child's life, and these children usually have a 

genetic mutation that affects either the endothelial cell or the glomerular basement membrane. Gene 

mutations in the structure and function of podocytes lead to kidney dysfunction, often present in either 

birth or steroid-resistant nephrotic syndrome (8). Some of the early genetic disorders were diagnosed 

included genes that signal the formation of the Notch barrier proteins nephrin (NPHS1) and podocin. 

(NPHS2) (9). 
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This work focused on the identification of the amino acids in which a disorder will occur due to 

nephrotic syndrome, and which influence amino acid metabolism to provide evidence of the 

relationship between the disorder of amino acid metabolism with nephrotic syndrome in children. In 

addition, thin layer chromatography was used as a technique for separating different amino acids. The 

results of this workmay help in finding appropriate treatments and diet for patients with nephrotic 

syndrome. 

Research Design and Methods 

Design Study 

This work was performed at the Department of Chemistry, College of Science, University of Kerbala, 

Karbala, Iraq, and in cooperation with Karbala Teaching Hospital for Children, Karbala, Iraq. During the 

period of workfrom February 2020 to March 2021,the study involved a hundred participants (mean age 

± SD: 7.25 ± 1.4 years). Prior to participation in this study, all the families of the participants were 

informed about the study to obtain their consent to participate their children in this study, with keeping 

the personal privacy of each case.  

 

 

 

 

 

 

 

 

 

Collecting Urine Samples 

The samples of urine were collected in the amount of 5 ml of urine from patients and healthy children of 

100 samples in a normal tube and then they were placed in a centrifuge for 10 minutes at a speed of 

4000g/per minute for the purpose of obtaining a precipitate for the purpose of exploring the 

components present, as well as checking the protein and examining the general urine, then withdrawing 

Part of the urine after completion of the sedimentation process by the pipet to store it at a temperature 

of 4 ° C by freezing for the purpose of conducting TLC chromatography. 

Determination of Retardation Factor (Rf) for Amino Acids  

The solutions of 20 standard amino acids were prepared by dissolving 1 mg in 1 ml of each amino acid in 

a 0.01 molar phosphate buffer solution (PH = 8.0). The one spot of the standard was placed on the thin 
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chromatography layer, and after that allow to dry at lab temperature. The thin paperwas placed in the 

container designated for the work that contains 70% propanol with 30% distilled water until the solvent 

reaches the distance, which was about 7 cm. After the solvent reaches the set limit, the paper was 

dried,and after drying the paper was sprayedby the solution of (6-Pyridin-2-yl-5,6-dihydro-benzo[4,5] 

imidazo[1,2c] quinazoline (0.01g/100ml),and then the TLC paper was dry at 90°C for 10 minutes. The TLC 

paper was sprayed with the solution of ninhydrin (0.01g/100ml), and the TLC paper was dried at 110°C 

for 10 minutes to form the unique colour for each standard amino acid as shown in Fig.1. 

Figure 1.Describes the level of migration and colour contrast of standard amino acids. 

The same methodology was applied to determine the amino acids in the urine samples of 100 

participants (patients and healthy children) by measuring the distance Rf and checking the colour that 

appeared and comparing the result of each determined sample with the relevant standard amino acid. 

Statistical Study 

Graph Pad Prism version 8 “Graph Pad software, CA, USA” was used to analyse the data in this work. 

Due to the not numerical data, the Chi-square test (X2) was applied to distinguish between the 

appearance and absents of the amino acid in the urine samples of the patients (P) and healthy 

volunteers (HV). The statistical significance was considered at P < 0.05. 

Results and Discussion  

Thin-layer chromatography (TLC) was used to examine 100 urine samples for each of 50 children with 

nephrotic syndrome, compared to 50 samples for healthy children. By comparing the distance of amino 

acids movement (Rf) was determined, as well as the distinctive colour with the standard solutions of 

amino acids. Consequently, the identity of the amino acid appearing in the adrenal was determined. 

Depending on the results, a biostatistical analysis was conducted and a comparison between the levels 

of amino acid appearance or not for the examined samples (patients and healthy volunteers), Fig. 2. 
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Figure 2.Determination of amino acids by TLC technique (TLC) between patients with nephrotic 

syndrome (P) and healthy subjects (HV). 

The current study indicates the presence of the amino acid glutamine in the urine of patients with 

nephrotic syndrome more than the healthy ones, where the percentage of those with nephrotic 

syndrome was 22%, while in the healthy ones it was 5%, and the value of chi-square was (16.84) and the 

p-value = 0.0001 which supports the existence of a fundamental difference as shown in Fig.3.  

 

 

 

 

 

 

 

 

 

Figure 3. The statistical analysis of the determination of glutamine in urine.  

One of the reasons for excretion of the amino acid glutamine from the kidneys in healthy people is due 

to the metabolism of acidosis (metabolic acidosis). During this process, ammonium ions are excreted 

through the urine, as well as include the secretion of amino acids and bicarbonate ions to compensate 

for the acidity of the blood (10). Glutamine is the most important NH3-donor amino acid and plays an 

important role in the kidney function. It may be considered as an indicator of kidney disease, and it is 
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primary importance in intermediate metabolism and the exchange of nitrogen between organs through 

the transport of ammonia (NH3) between tissues to maintain pH (11). A significant increase (P < 0.05) 

was observed in the value of glutamine in patients with urine, which was recorded at 22% compared to 

the healthy group, where it was recorded at 5%. Chronic kidney disease, which was higher in glutamine 

and glycine than the healthy group (12), also differed with the study, which showed that acute and 

chronic renal failure are not accompanied by any high concentrations of glutamine acid in the plasma, 

and he attributed these reasons to poor cellular integrity, in general it is acid. Some studies have shown 

that glutamine plays a vital role in the metabolism of glutathione, in addition to that it maintains cellular 

oxidation during elevated cellular oxidative stress is essential for alleviating stress-induced oxidative 

disorders in diabetes (13-15). 

The statistical analysis of the data of thyronine has showed that there are no significant differences 

between patients and healthy children, as it scored chi-square (1.515) with no significant differences (P 

= 0.218) as shown in Fig.4.  

 

 

 

 

 

 

 

 

 

Figure 4. The statistical analysis of the determination of threonine in urine. 

The results of the determination of asparagine have appeared that there are significant differences in 

the level of asparagine between patients and healthy controls, where the value of the asparagine for 

patients was 38%, while in the healthy control it was recorded 46% with a significant difference with a 

value of chi-square (10.70) and a level of probability (P < 0.001), as shown in Fig.5. 

Some genesrelated to the actin cytoskeleton, transcription factors, nucleus, glomerular basement 

membrane, mitochondria, and other proteins can affect cell podocytes. The As paragine-linked 

glycosylation gene plays a major role in the pathogenesis of the nephrotic syndrome(16). 
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Figure 5.The statistical analysis of the determination of as paragine in urine. 

The statistical analysis showed that there is a significant decrease in serine in the urine of patients, 

which was 3%, compared with the healthy volunteers, which was 22%, Fig.6.Due to the serine has 

cellular toxicity, so the high level has a clear role in chronic kidney disease, and the exacerbation of 

cellular imbalance caused by the serine, which can lead to the death of tubular cells or their gradual 

damage (17). Some studies also revealed that the accumulation of serine in the blood plasma is linked to 

faster development in chronic kidney patients (18). A previous report revealed that the levels of serine 

were elevated in elderly individuals and patients with chronic kidney disease. However, other studies 

suggested that the risk of progression to the end stage of renal disease was approximately three times 

higher in chronic kidney patients, who had the highest levels of serine in plasma (19). 

 

Figure 6.The statistical analysis of the determination of serine in urine. 
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The results have shown that the level of thelysine was low in the urine of patients 16% compared to the 

healthy volunteers 46%, as shown in Fig.7, with the value of chi-square (38.20) and probability 

(P<0.0001). Some studies have shown that a high dose of lysine is able to cause acute renal failure (20). 

The kidneys are sensitive to metabolic changes and metabolic phenotyping revealed several pathways 

associated with kidney disease, and the kidneys play an essential role in the lysine cycle (21). 

 

Figure 7.The statistical analysis of the determination of lysine in urine. 

Conclusions 

Nephrotic syndrome is one of the common pathological cases in children within the age group (2-10 

years), especially in the specific study area in Karbala, Iraq.The identification of amino acids in urine 

samples that were conducted in the study (50 patients and 50 healthy children) by comparing the 

migration distance and the colour of the complex produced in migration with samples of standard 

solutions for 20 potential amino acids by using the TLC technique. 

A qualitative diagnosis was performed for eight amino acids that appeared in urine samples of the 

studied models, which are (glutamine, threonine, asparagine, leucine, serine, alanine, glycine). The 

comparative statistical diagnosis between groups of patients and healthy volunteers in the study 

showed the following results: (A) the glutamine in the urine of patients with nephrotic syndrome more 

than in the healthy, where the percentage in the infected was 22%, while in the healthy it was 5% and 

the probability value was p = 0.0001, (B) appearance of the threonine in the urine of healthy and 

patients with no significant differences (P = 0.218 ), (C) There are significant differences in the level of as 

paragine between patients and healthy subjects, where the value of the amino acid for patients was 

38%, while in the healthy controls it was recorded 46% with a significant difference at the level of 

probability (P<0.001), (D) A significant decrease in The percentage of the serine in the urine of patients 

which was 3% compared to the healthy children, which was 22% with the level of probability p = 0.0001, 

(E) recording a decrease in the percentage of thelysine in the urine of patients with nephrotic syndrome 

(16%) compared to the healthy volunteers, it was (46%)with the level of probability (P<0.0001).These 
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results clearly indicate the existence of a relationship between the difference in the level of various 

amino acids in the studied samples between children with nephrotic syndrome and healthy children. 

This work highlighted the importance of using thin-layer chromatography (TLC) to identity of amino 

acids in the urine of children with nephrotic syndrome throughout the grate obtained results. Thus, 

avoiding the pathological complications that may result from the development of the pathological 

condition of children with nephrotic syndrome, by utilizing the appropriate treatment. In addition, it can 

be regulated the nutrition of the children with nephrotic syndrome or provided them with important 

nutritional supplements to compensate for the deficiency in some amino acids resulting from the 

metabolic disorders associated with the disease. 
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