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Summary:  

Metabolism is organized into pathways where the components are transformed 

by the action of different enzymes that catalyze the transformation of the 

substrates (synthesis or degradation). When one or more of these enzymes are 

not working properly or are absent, metabolic disorders can occur. Most 

inborn error of metabolism are inherited in an autosomal recessive manner. 

The overall incidence of inborn errors of metabolism is estimated to range 

from 1:800 to 1:1000 live births, although the incidence is probably much 

higher given difficulties in clinical diagnosis and limitations in diagnostic 

testing. The incidence and prevalence of IEM were vary in different countries. 

Classification is based on the affected metabolic process or enzymes involved 

in generating toxic substances such as the individual disorders of amino acid, 

Disorders of carbohydrate metabolism, Disorder of lipid metabolism and 

Disorders in the metabolism of purines and pyrimidines.  

The aim was introduce a separation a TLC method of standard amino acids 

that could be effective for the detection of amino acid disorders by producing 

distinguishable strategies based on silica gel TLC plates.The present work 

included a cross section study. Samples were  selected, from patients attending 

the rare diseases unit, Kerbala teaching hospital for children. and the 

standardization of 20 amino acid was done by TLC (10 time for each amino 

acid). After that, separation of amino acid in the serum and urine were 

performed for patient group.The study were included 56 samples, ages ranging 

from 7 day to 15 years. The patient samples were divided as follows :Neonate 

of age < 1month were 7 ,new-born aged from 2-12 months numbered 39, 

children aged >1year were 10, females were 22 and males represent 34, our 

study shows that 41% of the suspected IEM patients were with sign of 

jaundice, and 32% ,29% ,18%,16% ,5%, 5% with flatulence, vomiting , 
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diarrhea , acidosis, dehydration and hepatomegaly respectively. Results was 

shown about 50% , 41%, 39% ,36% ,18% of suspected IEM patients were with 

hypotonia ,spasticity, intellectual delay, epileptic seizures and lethargy 

respectively .  

Standardization of amino acids on TLC was performed based on different 

strategies: the study results were established different strategies showing good 

demonstration of the standard AA throughout the retention factor (Rf) (mean 

and /or range), the arithmetic retention factor resulted in subdivided of AA 

into 6 group accordingly. Also the sstandardization of AA were separated 

based on producing various distinguishable colors/ shapes. The above three 

methods help to identify amino acids in the serum and urine samples. It has 

been reported that one third of the IEM were amino acid disorders, and these 

disorders must be diagnosed and treated as early as possible to prevent the 

unpleasant complication. Generally, to get diagnosis, HPLC & TMS must 

done for the suspected patients if have amino acid disorder, both methods are 

expensive, time consuming and available only in a few locations in Iraq. In 

order to exceed these adverse effects, this study suggested starting with TLC  

(easy , unexpensive , time effective) which could help to screen suspected 

patients with amino acid disorders, then the more specific and sensitive 

methods (HPLC & TMS  ) could be used only to prove diagnosis.  
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1. Introduction and Review of Literature 

1.1.  Inborn errors of metabolism:  

The term metabolism encompasses the net result of a multitude of complex 

biochemical processes that occur in living organisms to maintain cellular 

activities vital to sustain life. These processes are organized into specific 

metabolic pathways with the primary function of maintaining daily life 

activities. Each pathway depends on certain substrates and specific enzymes 

to ensure smooth functioning (1). Normal metabolism should result in normal 

growth and development, good energy production, elimination of waste 

molecules and correct nutrient distribution in the body. Metabolism is 

organized into pathways where the components are transformed by the action 

of different enzymes that catalyze the transformation of the substrates 

(synthesis or degradation). When one or more of these enzymes are not 

working properly or are absent, metabolic disorders can occur (2). Most 

metabolic disorders are inherited as autosomal recessive traits. Autosomal 

recessive inheritance and enzyme deficiency are features typical for an inborn 

error of metabolism. Inborn errors of metabolism (IEM) are disorders 

genetically determined by deficiencies of an enzyme involved in the synthesis, 

transport or degradation of molecules in a metabolic pathway. The occurrence 

of a block in one stage of a pathway results in the lack or excess of a particular 

substance and may, in addition, interfere in an alternative metabolic pathway 

(3).  

1.2. General Biochemical defects and pathophysiology: 

Most IEMs are inherited in an autosomal recessive (AR) manner (4). In 

AR diseases, phenotypes will only manifest if both parental copies of the 

mutated allele are inherited. Homozygote gene mutation inheritance can occur 

by either consanguineous marriage or by a random mutation in the second 



 Introduction                                                   Chapter One 

2 
 

allele in heterozygote parents. Some IEMs are inherited as X-linked alleles, 

and therefore have higher incidence rates in males. Due to variable random X-

chromosome inactivation syndrome in females, X-linked IEMs diseases can 

have highly variable manifestations from one tissue to another and from one 

female (if so affected) to another. A minority of IEMs are inherited in an 

autosomal dominant (AD) pattern. Another rare mode of inheritance is IEMs 

linked to mitochondrial DNA only of maternal origin, as in subsets of 

respiratory chain disorders (Figure 1.1)  (5). 

                             Figure 1-1: Inborn errors of metabolism (6). 

1.3. History of inborn errors of metabolism:  

The term ‘inborn errors of metabolism’ (IEM), which is also referred to as 

congenital metabolic diseases or inherited metabolic diseases was first coined 

by a British physician Archibald Garrod (1857–1936) to describe the 

hereditary deficiency or alteration in enzyme reactions in the early 20th 

century (7). He described alkaptonuria as a rare, hereditary, and recessive 

metabolic defect in tyrosine degradation that results in the accumulation of 

homogentisic acid. Garrod also extended his studies into albinism, cystinuria, 

and porphyria However, medical society at that time failed to recognize the 

significance of Garrod’s observations due to confusion regarding the 
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expansion and application of approaches to IEM. The resulting period of 

inactivity was mainly due to a lack of technologies capable of enabling 

investigations at the cellular and molecular level, not until 39 years after 

Garrod first described IEM did Beadle and Tatum establish the foundation of 

biochemical genetics, demonstrating that each biochemical process is 

controlled by a specific gene or protein (8). 

1.4. Epidemiology of IEM: 

 The overall incidence of inborn errors of metabolism is estimated to 

range from 1:800 to 1:1000 live births, although the incidence is probably 

much higher given difficulties in clinical diagnosis and limitations in 

diagnostic testing (9). The incidence and prevalence of IEM were vary in 

different countries. The frequency of IEM is increased in the countries or 

regions where the rate of consanguineous marriages is high. Most of the people 

there were belonged to tribes with a high frequency of consanguineous 

marriages. However, there was limited data about this rate in Karbala. In 

general, a high rate of consanguinity was recorded in Iraq reaching an average 

of 47–60%, which may be related to the social, cultural, religious, and political 

factors. To date, in Iraq only two provinces (Baghdad and Karbala) had applied 

a new born screening (which was started at 2013) no clear data presented from 

Iraq. Up to now, more than 500 IEMs have been detected. Although individual 

IEM is rare, the incidence of overall IEMs is high and varies dramatically in 

different countries and regions, For example locally, the incidence of IEMs 

was reported to be by the number of participants who were screened in Misan 

town over one year (from 1 April 2017 to 1 April 2018) was 112, it has been 

recorded that 20 cases which about 18 % were identified and confirmed to 

have IEM (10). Other study in Baghdad from December 2009 to December 

2012 which included 1758 participants were selected from Al- Emamain AL 

Kadhemyian and the children’s welfare teaching hospitals, they reported 
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positive cases of IEM which were around 224 (12.7 %) cases (11). While in 

Mosul and Kurdistan region (from January 2018 to January 2020) a study 

conducts on 3000 participants and only (4.4 %) of cases were reported and 

verified to have IEM. (12). In the Arab countries the overall frequency of 

metabolic disorders were: In Saudi Arabia, Al Ahsa (Apr 2006 – Apr 2009) 

was 48 case /38 001 (13). Oman, AlKhoudh (May1998–Jul2008) was 119 case 

/1100 (14). Bahrain (Jan 2008 – Dec 2011) 25 case /66 565 (15). Egypt   (Jun 

2008 – Jun 2013) 203case/3380 (16). 

1.5. Classification of IEM:  

The classification of IEM is challenging. Several classifications currently 

exist. The favourable classification is to small molecules diseases such as 

carbohydrate, protein, lipid and nucleic acids and large molecules diseases 

such as lysosomes, mitochondria, peroxisomes and cytoplasm (17). Another 

classification is based on the affected metabolic process or enzymes involved 

in generating toxic substances such as the individual disorders of amino acid 

(e.g., maple syrup urine disease, organic acidemias, and urea cycle defects) 

Disorders of carbohydrate metabolism (e.g., galactosemia and glycogen 

storage disorders) ,Disorder of lipid metabolism (e.g., fatty acid oxidation 

defects [medium chain acyl-CoA dehydrogenase deficiency]) ,Disorders in the 

metabolism of purines and pyrimidines (18). Often Metabolic disorders also 

can be subdivided into three groups based on their clinical and physiologic 

characteristics .the first group of disorders lead to excessive accumulation 

of a substance or compounds with intoxicating effects (eg, vomiting or 

obtundation), as seen in aminoacidopathies, organic acid disorders and urea 

cycle defects ,appearance at Birth usually normal .The second group of 

disorders directly affect energy metabolism causing symptoms in more 

metabolically active organs such as the brain (eg, coma, brain malformations), 

as seen in mitochondrial disorders, fatty acid oxidation disorders, appearance 
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at birth sometimes normal but may affect metabolically active tissues (brain 

malformation).The third group of disorders involves defects in the 

catabolism of complex molecules in cell organelles, as seen in lysosomal 

storage disorders or peroxisomal disorders. Appearance at birth sometimes 

normal, but some present with dysmorphology or organomegaly (19).  

1.6. General Clinical Overview of IEM: 

1.6.1. Organic Acidemias or Organic acidurias disorders (OADs):  

A group of inherited disorders of intermediary metabolism resulting from 

deficiency of an enzyme or a transport protein required in one of the several 

cellular metabolic pathways involved in the catabolism of amino acids, 

carbohydrates or lipids. These deficiencies result in abnormal accumulation of 

organic acids in the body and their abnormal excretion in urine (Figure 1.2) 

(20). 

1.6.2. Carbohydrate Metabolism Disorders:  

Carbohydrate disorders may include deficiencies of enzymes involved in 

the metabolism of glycogen, galactose, and fructose. These diseases can be 

broadly sub classified as diseases causing liver dysfunction, diseases affecting 

muscle and liver, and diseases affecting only muscle. Galactosemia, glycogen 

storage diseases and hereditary fructose intolerance are common examples of 

carbohydrate metabolism disorders (21). 
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Figure 1-2: Disorders of branched-chain amino acid metabolism. Bold: inborn errors of 

metabolism resulting from deficiencies in enzymes. Dashed arrows: abnormal 

production of metabolites. 3-MCC, 3-Methylcrotonyl-coA carboxylase; IVA, isovaleric 

aciduria; MGA: 3- methylglutaconic aciduria; MSUD, maple syrup urine disease.  

1.6.3. Urea Cycle Disorders (UCDs):  

The urea cycle is a metabolic pathway for the disposal of excess nitrogen, 

which arises primarily as ammonia .UCDs comprise diseases presenting with 

hyperammonemia that arise in either the neonatal period (about 50% of cases) 

or later. Congenital defects of the enzymes or transporters of the urea cycle 

cause the disease (figure 1.3) (21). 

 

 

 

 

 

 

 

Figure1- 1:  The urea cycle produces urea from the nitrogenous waste products of 

protein metabolism. The six enzymes of the pathway are numbered 1–6, with their 

associated gene in brackets (22). 



 Introduction                                                   Chapter One 

7 
 

1.6.4. Fatty Acid Oxidation Disorders (FAODs): 

 Fatty acid oxidation produces acetyl-CoA, which supplies energy to 

other tissues when glycogen stores are depleted. The medium- and short-fatty 

acids are transported directly into the cytosol and mitochondria. The long-

chain fatty acids are conjugated to carnitine and transported across the 

mitochondrial membrane and released as acyl-CoA to be used in the β-

oxidation pathways .Mitochondrial fatty acid oxidation disorders comprise 4 

groups: (1) disorders of the entry of long-chain fatty acids into mitochondria, 

(2) intramitochondrial β-oxidation defects of long-chain fatty acids affecting 

membrane bound enzymes, (3) β-oxidation defects of short- and medium-

chain fatty acids affecting enzymes of the mitochondrial matrix , (4) disorders 

of impaired electron transfer to the respiratory chain from mitochondrial β-

oxidation (Figure 1.4) (23). 

Figure1-2: Long chain fatty acid oxidation. The different sites of deficiencies causing 

FAODs are listed: (1) long-chain fatty acid transport or binding effect, (2) carnitine 

uptake defect, (3) CPT I deficiency, (4) CACT deficiency, (5) CPTII deficiency, (6) 

VLCAD, MCAD and SCAD deficiencies (24). 

1.6.5. Mitochondrial Disorders: 

Are characterized by a high genetic, biochemical, and clinical complexity 

that arise from the dysfunction of the oxidative phosphorylation (OXPHOS), 

the essential, final pathway for aerobic metabolism. Such impairment is caused 
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by mutations in genes encoding for proteins involved in mitochondrial 

respiratory chain (MRC) biogenesis (25). 

1.6.6. Lysosomal Storage Disorders: 

Lysosomes contain more than 50 acid hydrolases that can degrade 

unwanted complex molecules such as mucopolysaccharides, sphingolipids, 

glycoproteins, etc., into molecules which could be used by the body again. 

Therefore, lysosomes can be regarded as the recycling centres of the body. 

Lysosomal storage diseases are caused by the inability of the lysosome to 

degrade one or more of the complex substrates in its lumen or membrane due 

to defects in lysosomal enzymes, enzyme receptors, membrane proteins, 

activator proteins, or transporters, so that characterized by a progressive 

accumulation of undigested substrates and cell death (26). 

1.6.7. Peroxisomal Disorders: 

The peroxisome is a cellular organelle with disparate functions, including 

oxidation of very long-chain fatty acids (VLCFAs). Defects in peroxisomal 

function or assembly can result in several severe neurodegenerative disorders. 

Adrenoleukodystrophy that results from a deficiency in peroxisomal oxidation 

of VLCFAs (27). 

1.6.8. Purine and Pyrimidine Metabolism Disorders: 

 Purine and pyrimidine bases, nucleosides and nucleotides are essential 

components of the nucleic acids DNA and RNA, and are associated with 

metabolic regulation, synthesis of numerous biomolecules and other vital 

processes in cell physiology (28). Genetic defects of purine and pyrimidine 

metabolism represent a group of relatively new disorders (29). 

1.6.9. Porphyria disorder:  

The porphyrias are a group of rare metabolic disorders—either inherited 

or acquired along the hem biosynthetic pathway. Each type of porphyria is a 
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result of a specific deficiency in one of the enzymes involved in the pathway 

and, accordingly, is characterized by a specific pattern of accumulation of hem 

precursors and typical clinical manifestations (30). 

1.7. Amino acids (AAs):  

The amino acids that are incorporated into mammalian protein are α-amino 

acids. This means that amino acids have a carboxyl group, an amino nitrogen 

group, and a side chain attached to a central α-carbon (Figure1.5) Proline is 

the only exception, being unique among the 20 protein-forming amino acids 

in that the amine nitrogen is bound to two alkyl groups, thereby making it aα-

imino acid. Functional differences among the amino acids lie in the structure 

of their side chains (31). (AAs) are the building blocks of proteins, including 

structural proteins and enzymes. They also form the backbones of critical 

nitrogen-based compounds such as cytochromes, heme, hormones, melanin, 

neurotransmitters, nucleotides/nucleic acids and others. (AAs) are used 

efficiently by the body by multiple mechanisms such as recycling, 

transamination, or energy production, When needed, the carbon skeletons can 

be used to produce glucose or its derivatives (such as glycogen or fatty acids) 

to support plasma glucose levels or provide energy during fasting. Dietary 

proteins are key sources of essential amino acids in mammals and humans, 

while non-essential amino acids can by synthesized endogenously. Nine 

amino acids (histidine, isoleucine, leucine, lysine, methionine, phenylalanine, 

threonine, tryptophan, and valine) are considered as “essential” essential in the 

diet as humans are unable to synthesize them endogenously. Most of the non-

essential amino acids such as alanine, arginine, asparagine, aspartate, 

glutamate, glutamine, glycine, proline and serine, are synthesized from 

glucose; while tyrosine is synthesized from the metabolism of phenylalanine, 

and cysteine from the metabolism of methionine (32).  
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Figure 1-3 : An amino acid: an amino (NH2) group, R a carboxyl group (COOH) and a 

side chain attached to a central α-carbon (R) (33). 

1.7.1. Simple, Hydroxyl and Sulfur-containing Amino Acid  

Glycine (Gly): Is the most important and simple amino acid with no L or 

D chemical configuration, nonessential and glucogenic amino acid in humans. 

Generally, glycine is syntheses from choline, serine and threonine through 

interorgan metabolism in which kidneys and liver are the primarily involved 

.Glycine acts as precursor for several key metabolites such as creatine, 

glutathione, heme, purines, and porphyrins. Degradation of glycine in humans 

is done via three pathways: (1) D-amino acid oxidase converting glycine into 

glyoxylate, (2) serine hydroxymethyltransferase (SHMT) converting glycine 

into serine, and (3) deamination and decarboxylation by glycine cleavage 

enzyme system (GCS). The physiological importance of the GCS in 

degradation of glycine is characterized by its defect in humans, which results 

in glycine encephalopathy. After phenylketonuria, glycine encephalopathy is 

the most frequently occurred inborn error of amino acid metabolism (34).  

Serine (Ser): Is an aliphatic hydroxyl and polar amino acid, which is non-

essential and glucogenic (35). L-serine is biosynthesized in the mammalian 

central nervous system from 3-phosphoglycerate and serves as a precursor for 

the synthesis of the amino acids glycine and cysteine. Mutations in the 

metabolic enzymes that synthesize L-serine have been implicated in various 

human diseases (36). 
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Alanine (Ala): Is a non-essential, glucogenic amino acid and Non-polar, 

aliphatic residues (37). Alanine can be formed by transamination of pyruvate. 

The enzyme is alanine amino transferase (ALT).This reaction requires 

pyridoxal phosphate (PLP). ALT level in blood is increased in liver diseases. 

Under conditions of starvation, the glucose alanine cycle has special metabolic 

significance. Alanine is quantitatively the most important amino acid taken up 

by the liver from peripheral tissues, particularly from skeletal muscle. It forms 

a major participant in inter-organ transport of nitrogen (38).  

Threonine (Thr): Is an essential and polar uncharged R group's amino acid. 

It is glucogenic. Threonine does not directly undergo transamination, but 

undergoes deamination forming alpha ketobutyric acid by the enzyme 

threonine dehydratase. In turn, alpha ketobutyric acid can be oxidative 

decarboxylated to propionyl CoA, and then converted to succinyl-CoA, which 

enters the gluconeogenesis pathway. The -OH group of threonine residue in 

protein serves to provide a site for phosphorylation. This -OH group also 

serves for combining carbohydrate residues to proteins, to make glycoproteins 

(39).  

Methionine (Met): Is sulfur-containing, nonpolar R groups, essential, 

glucogenic amino acid. Degradation of methionine results in the synthesis of 

cysteine. Methionine is converted to S-adenosylmethionine (SAM) by 

methionine adenosyltransferase. SAM is the methyl donor for all the 

transmethylation reactions (Creatine, Epinephrine, Choline and Melatonin) 

improper transformation of methionine can lead to atherosclerosis due to the 

accumulation of homocysteine (40).  

Cysteine (Cys): Is one of the non-essential, glucogenic amino acid. Formation 

of cysteine is by using the carbon skeleton contributed by serine and sulfur 

originating from methionine, and Cysteine mainly exists as cysteine (41). The 
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sulfur-containing amino acid cysteine supports various important cellular 

pathways including protein synthesis, glutathione (GSH) synthesis, taurine 

synthesis, and sulfate production .GSH plays important roles in cellular 

antioxidant defense and detoxification, Cysteine dioxygenase type-1 (CDO1) 

catalyzes the irreversible conversion of cysteine to cysteine sulfinic acid, 

which is the major cellular cysteine elimination mechanism, abnormally 

elevated cysteine can cause oxidative stress and cytotoxicity in certain cell 

type (42).  

1.7.2.  Acidic and Basic Amino Acids Metabolism 

Glutamic acid (Glu): Is a glucogenic, negative charge, acidic amino acid 

due to its two carboxyl groups (α- and γ-carboxyl) and a neurotransmitter in 

human body, plays a central role in the metabolism of amino acids which is 

generated during transamination reactions. Glu is a common precursor of 

many organic compounds. These organic compounds include protein amino 

acids (glutamine: Gln; proline: Pro; arginine: Arg; and histidine: His), non-

protein amino acid (γ-aminobutyric acid, GABA), antioxidant tripeptide 

(glutathione, GSH), heme, chlorophyll (43).                                   

Glutamine (Gln): Is a nonessential, glucogenic amino acid. It could be 

synthesized from glutamic acid, the amidation of glutamic acid to glutamine 

catalyzed by glutamine synthetase. Glutamic acid can react with a molecule of 

NH3 in presence of ATP. This reaction is important in ammonia trapping in 

brain as well as for transport of ammonia in a nontoxic form. Major fate of 

glutamine is to be hydrolyzed to glutamate and NH3. Glutamic acid is then 

deaminated to α-ketoglutarate and enters TCA cycle for further catabolism 

(44).  

Aspartic acid (Asp): Is a nonessential, glucogenic amino acid. Aspartate, on 

transamination gives rise to oxaloacetate, which initiates the TCA cycle. 
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Aspartate amino transferase (AST) transfers the amino group of aspartate to 

α-ketoglutarate (AKG)  to form oxaloacetate .The AST activity levels is 

increased in cardiac ischemia and in hepatic diseases. Participates in a range 

of important cellular functions such as the urea cycle and the malate-aspartate 

shuttle, which transports nicotinamide adenine dinucleotide (NAD) reducing 

equivalents between the cytoplasm and mitochondrial matrix (45). 

Asparagine (Asn): : Is a non-essential, glucogenic amino acid, Aspartate 

reacts with ammonia to form asparagine; Asparagine can be hydrolyzed to 

aspartate and NH3 by asparaginase (46). The defect is attributed to the defect 

in renal tubular reabsorption of glutamate and aspartate can be cause 

Dicarboxylic Aminoaciduria (47). 

Lysine (Lys): Is an essential basic amino acid. It does not undergo 

transamination. Lysine is predominantly ketogenic. The degradation of L-

lysine may occur via the mitochondrial saccharopine pathway, the first two 

steps are catalyzed by a bifunctional enzyme, the mitochondrial 2-aminoadipic 

acid semi aldehyde synthase (AASS) and (AASS) deficiency leads to 

hyperlysinemia (48). It is involved in synthesis of collagen, carnitine and 

elastin (49).  

Arginine (Arg): Semi-essential amino acid, contains guanidinium group. It is 

a highly basic. Arginine is glucogenic because it can be metabolized into AKG 

and enter the citric acid cycle. It plays a critical role in cytoplasmic and nuclear 

protein syntheses, the biosynthesis of other amino acids, ornithine and creatine 

synthesis, and the urea cycle. In one of its most important roles, L-arginine 

serves as a precursor for the biosynthesis of nitric oxide (NO) (50). 
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1.7.3. Aromatic Amino Acids Metabolism 

Phenylalanine (Phe): Is an essential, aromatic amino acid; it is partly 

glucogenic, partly ketogenic and it converted to tyrosine by phenylalanine 

hydroxylase. A defect in this enzyme leads to phenyl-ketonuria (PKU) (51).  

Tyrosine (Tyr):` Is an aromatic non-essential amino acid, synthesized from 

phenylalanine, Tyrosine is partly glucogenic and partly ketogenic. Tyrosine is 

a precursor of acetyl-CoA and fumarate, catecholamine hormones, the 

neurotransmitter dopamine, and the pigment melanin and thyroxine 

(52).Tyrosinemia is associated with a metabolic defect in the most enzymes in 

the tyrosine catabolic pathway (53).  

Tryptophan (Try): Is an aromatic, essential amino acid with an indole ring 

and is partly glucogenic and partly ketogenic,  the major metabolic fate of 

tryptophan is to be oxidized by tryptophan pyrrolase . It is the precursor of 

serotonin and Melatonin, Tryptophan is degraded by the kynurenine pathway 

to NAD and other products with several of the intermediates being toxic such 

as quinolinic acid. Nutritional pellagra therefore occurs only if diets are 

deficient in both niacin and Trp (54). 

Histidine (His): It is an essential basic glucogenic amino acid, has an 

imidazole ring. Histidine is first non-oxidatively deaminated by histidase to 

form urocanic acid. The deficiency of histidase leads to accumulation of 

histidine in blood and body fluids and increased excretion of imidazole 

pyruvic acid in urine and it is the precursor of Histamine (55). 

Proline (Pro): Is a non-essential, glucogenic amino acid.  Proline can be 

endogenously synthesized from either glutamate or ornithine, Alterations in 

proline metabolism have been described in various human diseases, such as 

hyperprolinemia type I (56).  
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1.7.4. Branched Chain Amino Acids (BCAAs): 

Valine (Val): is glucogenic; Leucine (Leu) is ketogenic while Isoleucine 

(Ile) (I) is both ketogenic and glucogenic. All the three are essential amino 

acids (EAAs). Leucine is the major ketogenic amino acid. Unlike most other 

EAAs, BCAAs catabolism initially catalyzed in extrahepatic tissues by the 

branched-chain amino acid aminotransferases (BCAT) and branched-chain α-

keto acid dehydrogenase enzyme complex (BCKDC).The BCAAs metabolites 

are further converts to final products (acetyl-CoA and Succinyl-CoA) via a 

series of enzymatic reactions and participate in metabolism of tricarboxylic 

acid cycle and BCAAs is a major player of the branched-chain fatty acid 

synthesizing system.  (57). Dysregulation of BCAAs metabolism is associated 

with a range of diseases such as Maple Syrup Urine Disease (MSUD) caused 

by BCKDC dysfunction (58). One class of IEMs that is caused by the 

abnormal changes of physiological amino acids is called amino acidopathies. 

Common aminoacidopathies are metabolic disorders, which are caused by 

defective metabolic pathways due to the deficiencies of functional enzymes 

(34). 

1.8. Amino Acids Disorders in IEM  

1.8.1. Phenylketonuria (PKU): 

It's usually caused by a deficiency of the hepatic enzyme, phenylalanine 

hydroxylase (PAH). The enzyme catalyzes the hydroxylation of phenylalanine 

to tyrosine, the rate limiting step in phenylalanine catabolism in the presence 

of the cofactor tetrahydrobiopterin (BH4) and several enzymes 

(dihydropteridine reductase and pterin 4 alpha -carbinolamine) that serve to 

regenerate BH4 (Figur1.6). Enzyme deficiency leads to accumulation of 

phenylalanine resulting in hyperphenylalaninaemia, increased phenyl ketones 
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(hence phenylketonuria) (Figure1.7) and a decrease in myelin formation, 

dopamine, norepinephrine, and serotonin production (59). 

 

Figure 1-4: Hydroxylation of phenylalanine (60). 

1.8.2. Hereditary Tyrosinaemias 

Impaired degradation of the amino acid tyrosine is a feature of several 

acquired and genetic disorders .Tyrosine is catalyzed by a series of five 

enzymatic reactions yielding acetoacetate (ketogenic) and fumarate 

(gluconeogenic). Only liver and renal proximal tubules express the complete 

pathway and contain all the enzymes required for tyrosine catabolism. Inborn 

errors of tyrosine degradation include (1) Tyrosine aminotransferase 

deficiency (Tyrosinemia type II), (2) 4-hydroxyphenylpyruvate dioxygenase 

deficiency (Tyrosinemia type III and Hawkinsinuria), (3) Homogentisic acid 

oxidase deficiency (Alkaptonuria), (4) Fumarylacetoacetase (FAH) deficiency 

(Tyrosinemia type I) (Figure1.7) (61). 
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Figure 1-5  Disorders of phenylalanine and tyrosine metabolism. Bold: inborn errors of 

metabolism resulting from deficiencies in enzymes. Dashed arrows: abnormal 

production of metabolites. PKU, Phenylketonuria (63). 

1.8.3. Alkaptonuria: 

  The metabolic disease caused by deficiency of homogentisic acid 

oxidase, due to this defect, homogentisic acid, which is produced during the 

metabolism of tyrosine cannot be converted to maleylacetoacetate (Figure1.7). 

Accumulates in tissues, and is excreted in the urine. This enzyme primarily 

can be found in the liver and kidney. It requires oxygen, ferrous iron, and 

sulfhydryl groups to open the ring of homogentisic acid. Accumulation of 

homogentisic acid and its metabolites causes ochronosis with darkening of 

cartilaginous tissues and bone, arthritis and joint destruction (62). 

1.8.4. Maple syrup urine disease (MSUD):  

Is a disorder of branch chain amino acids metabolism caused by a 

deficiency of branched-chain α-keto acid dehydrogenase complex .MSUD 

characterized biochemically by elevated plasma branched-chain amino acids 

(leucine, isoleucine, valine) and α-ketoacids in urine (64). 
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1.8.5. Homocysteinuria: 

Is a disorder of either a nutritional deficiency or an inherited defect in the 

enzymes involved in the remethylation and transsulfuration pathways of 

methionine metabolism. Classical homocystinuria is due to the deficiency of 

cystathionine-β-synthase (CBS) enzyme which is the most common cause of 

homocysteinuria. CBS is a pyridoxal-5′-phosphate-dependent enzyme which 

catalyzes the conversion of homocysteine and serine to cystathionine in the 

transsulfuration pathway of homocysteine metabolism to form cysteine. The 

characteristic amino acid profile of CBS deficiency shows high levels of 

homocysteine and methionine, and low levels of cystathionine and cysteine in 

the blood and urine (65). 

1.8.6. Nonketotic Hyperglycinaemia (NKH): 

Is a disorder, also known as glycine encephalopathy, results from the 

accumulation of glycine in all body tissues, due to inactivity of the glycine 

cleavage system (GCS). It is the second most common disorder of amino acid 

metabolism. The GCS converts two-carbon glycine into ammonia and carbon 

dioxide, and transfers one-carbon unit to folate as methylenetetrahydrofolate. 

Without a fully functional GCS, glycine accumulates in tissue, plasma, urine, 

and CSF (66). 

1.9. Clinical Approach to IEM:  

Inborn errors can present with a wide spectrum of clinical signs and 

symptoms at any age. Mainly the signs and symptoms resulting from IEM can 

be divided into the early-onset and late-onset forms (67). 

1.9.1. Early-Onset Signs and Symptoms of IEM :  

Disorders such as non-ketotic hyperglycinaemia, glutaric aciduria type 

II, and some of the mitochondrial diseases, and urea cycle defects (UCDs) are 

known to begin during the prenatal period (Table1.1) (68). During the new-

born period, coma, hypotonia or hypertonia, seizures, organomegaly are the 
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most commonly seen clinical symptoms. After a certain healthy period 

following birth, the signs and symptoms typically begin and might 

characteristic of “intoxication type” IEM. The severe forms of 

aminoacidopathies, branched-chain organic acidurias, UCDs, mitochondrial 

disorders, peroxisomal defects, and ketolysis defects generally present during 

this period (69). 

1.9.2. Late-Onset Signs and Symptoms of IEM:  

 In 50% of patients presenting with inborn errors of intermediary 

metabolism, disease onset occurs after the first year of life, during childhood, 

adolescence, or even adulthood. Each attack may result either in spontaneous 

improvement or in death despite supportive measures. Notably, the patient 

may be asymptomatic between two attacks. Onset of symptoms may be 

triggered by fever, minor infection, excessive fasting or excessive protein 

intake, or may occur without any apparent cause (table1.2). The clinical signs 

and symptoms may include neurologic findings (macrocephaly, microcephaly, 

attention deficit, mental and motor retardation, hypo/hypertonia, spasticity, 

seizures, movement disorders, stroke, ataxia, stupor, coma, psychiatric signs), 

muscular signs  , organomegaly (hepatomegaly, splenomegaly), hematologic 

abnormalities (thrombocytopenia, pancytopenia), dysmorphic features (coarse 

facial features), skeletal abnormalities, liver failure, heart failure 

(cardiomyopathy), ophthalmologic findings, failure to thrive, sensory 

problems, and skin lesions (70). 
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Table 1.1: Early- onset (Neonatal Period to Infancy) signs and symptoms of IEM 

 

 

 

Metabolic Disease Presenting Sign 
Main Clinical 

Presentation 

BCAA disorders (MSUD), Glutaric aciduria type II, Urea cycle defects 

Metabolic encephalopathy (coma, 

abnormal movements, acidosis, ketosis, 

hyperammonemia) 
Neurological 

phosphoglycerate dehydrogenase    deficiency,  cerebral glucose 

transporter type 1 deficiency 
Seizures +microcephaly 

Galactosemia ,Hereditary fructose intolerance ,Tyrosinemia type I, 

Mitochondrial disorders 
Liver failure 

Hepatic 
Galactosemia Jaundice 

Lysosomal storage disorders Hepatosplenomegaly 

FAO defects Hepatomegaly Severe hypoglycemia 
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Table 1.1: Late-Onset the clinical signs and symptoms of IEM 

 

 

Metabolic Disease Other Important Signs Main Clinical Presentation 

Organic acidurias, FAO defects ,Mitochondrial    disorders Acidosis  

Metabolic Coma 
Gluconeogenesis ,defects Glycogen synthetase deficiency, 

FAO defects 

Hypoglycemia 

 

FAO defects 

 

Jaundice, Encephalopathy, 

hypoglycaemia 

 

Hepatic disorders 

Lysosomal storage diseases Hepatomegaly  

Porphyrias, Hartnup disease Skin rashes Dermatology 
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1.9.3. Initial Investigations:  

The initial tests to perform in a patient suspected to have a type of IEM 

generally consist of simple tests those could be done in majority of the medical 

centres, (Table1. 3) shows the most common tests. Any positive result in these 

tests generally helps to support the preliminary diagnosis of IEM and provides 

indication to perform advanced and diagnostic tests. In addition, initial 

therapeutic approach could be started based on these preliminary tests (71). 

        Table 1.2: Initial   Laboratory Tests for IEM:  

Test Samples  

Complete blood count, peripheral smear Blood urea nitrogen, creatinine, 

alanine aminotransferase, aspartate aminotransferase, gamma glutamyl 

transferase, direct and indirect bilirubins, alpha-fetoprotein, alkaline 

phosphatase Electrolytes including sodium, potassium, calcium, 

magnesium and phosphorus Glucose, ketone body, pH Lactate, pyruvate, 

ammonia Prothrombin time, partial thromboplastin time, INR 

Blood 

Urinalysis Reducing substance in urine, thin layer chromatography for 

reducing substances Urine ketones Ferric chloride test 

Dinitrophenylhydrazine (DNPH) test Cyanide nitroprusside test 

Glycoseaminoglycans  Keto acids 

Urine 

1.9.4. Advanced Investigations:  

These investigations are generally performed in specialized centres for 

IEM and help to carry differential diagnosis further. However, these 

investigations are not generally diagnostic as similar or same substrates or 

metabolites could be increased in different IEM (72). 

1.9.5. New-born Screening (NBS): 

NBS is a very important act for the earliest diagnosis of patients with 

IEM and is of significant importance to initiate early treatment to prevent 
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morbidity and mortality. The first NBS effort was for PKU in 1959 and was 

done by Dr. Robert Guthrie. The test was a bacterial inhibition assay and has 

been used for NBS for many years in many countries. In the countries which 

implemented obligatory NBS for PKU, a significant reduction in mental 

retardation rate was noticed. Many countries today started doing “expanded 

NBS” by accurate and rapid technology (Table1.4). (73).  

Table 1.3: The Methodology Used for Newborn Screening for Some IEM  

1.10. Methods of separation Amino acid in biological samples:  

The development of analytical methods to measure amino acid 

concentrations in biological samples can contribute to research on the 

physiological actions of amino acids and the prediction, diagnosis and 

understanding of diseases. The importance of amino acids in vivo has resulted 

in an increasing demand for analytical methods for their determination. Most 

such methods use separation techniques, such as thin layer chromatography 

(TLC), high-performance liquid chromatography (HPLC) and Tandem mass 

spectrometry (TMS) detection (74). 

1.10.1. Thin-layer chromatography (TLC):  

Chromatography is the collective term for a set of separation techniques 

that operate based on the differential partitioning of mixture components 

between a mobile and a stationary phase. The mobile phase (a liquid or a gas) 

travels through the stationary phase (a liquid or a solid) in a defined direction. 

Tandem mass spectrometry Amino acid disorders (general) 

Tandem mass spectrometry Fatty acid oxidation defects 

Tandem mass spectrometry Organic acidemias 

Enzyme assay Biotinidase deficiency 
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The distribution of components between the two phases depends on 

adsorption, ionic interactions, diffusion, and solubility or in the case of affinity 

chromatography, specific interactions (75). TLC works on the principle of 

distributing components of the mixture sample between the two phases of the 

technique via capillary action. TLC is operated on a glass sheet or aluminum 

sheet, modified with a thin layer of a granular substance such as silica gel or 

aluminum oxide. This granular layer acts as a solid stationary phase, which is 

adsorbent in nature. Further, a trace amount of sample is placed at the starting 

point just above the TLC plate’s staring point. The TLC plate further is shifted 

to the developing chamber that contains a small puddle of solvent just beneath 

the level where the sample has been placed. The mobile phase (solvent) via 

capillary action moves up the TLC plate. As the mobile phase travels up the 

plate and over the sample, the components of the sample segregate according 

to their physical properties such as molecular structure of the compound and 

the type of functional group present in them. Here solubility rule is followed, 

that is, “like dissolves like.” If the compound has more similar physical 

properties with mobile phase, more are the chances that it would stay in mobile 

phase and also the compounds that are most soluble in the mobile will be 

carried up the TLC plate till the farthest. On the other hand, the compounds 

that have more affinity for stationary phase and have low soluble rate in mobile 

phase will stay along with the stationary phase .In TLC, the expression of a 

single compound is designated by a quantitative term known as Rf value. It is 

calculated by the division of distance traveled by the sample from the spot 

position divided by the distance travelled by the mobile phase from the original 

site: 

Rf = distance travelled by a component / distance travelled by mobile 

phase. 
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Rf value depends on various parameters such as the mobile phase used, 

the nature of the adsorbent, temperature, thickness of the layer, sample 

mass, and developing tank (76) (77). 

Advantages 

 Simple, quick, inexpensive, high sample throughput technique 

 Wide choice of mobile phases 

 Minimum sample preparation 

 Several samples can be run simultaneously using a small quantity of 

mobile phase 

 Used in analytical laboratories having limited resources (78) (79). 

1.10.2.  High-Performance Liquid Chromatography (HPLC):  

A liquid mobile phase could use to separate the components of a 

mixture. The components themselves are first dissolved in a solvent and then 

forced to flow (via the mobile phase) through a column (stationary phase) 

under high pressure. The mixture is resolved into its components within the 

column and the amount of resolution is dependent upon the interaction 

between the solute components and the column stationary phase and liquid 

phase the molecules having higher affinity remain adsorbed for a longer time 

decreasing their speed of movement through the column. However, the 

molecules with lower affinity move with a faster movement, thus allowing the 

molecules to be separated in different fractions (Figure1. 8) (80). Available 

method may be too expensive, time consuming or energy intensive, or that 

may not be easily automated. Existing method may come out with error, 

contamination prone or they may be unreliable (81). 
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Figure 1.6 : Principle of High-Performance Liquid Chromatography (HPLC) (82). 

1.10.3. Tandem Mass spectrometry (TMS):  

Mass spectrometry (MS) is a high-throughput analytical detection 

technique used to get information about the molecular weights and chemical 

structures of the peptides, proteins, carbohydrates, oligonucleotides, natural 

products, and drug metabolites. The principle of the spectrometer depends on 

the separation of the molecules based on their mass-to-charge (m/z) ratio by 

ionization of the molecules with high energy electrons to break a molecule into 

fragments. Fragmentation pattern and m/z values provide information about 

the molecular weights and chemical structures of the peptides and proteins. 

Each peptide has a specific molecular weight. Molecules from solution or solid 

phase should be transferred into gaseous phase, because MS measurements 

have to be done on ionized molecules in the gaseous phase (83). MS provides 

some advantages including small amount of sample requirement, label free 

detection, fast analysis, and capability of defining chemical structures with 

fragmentation, high sensitivity, and simultaneous detection of multiple 

analytes. Characterization of a wide variety of viruses. Reliable and rapid 

identification Accurate and sensitive method .High throughput and Easy 

sample preparation. Disadvantages: Identification limited by database, Time-

consuming, High cost (84). 

1.11. Knowledge gap and Implications  

Early undetectable and untreated IEM might lead to disability, which 

presents a great socioeconomic burden. Unfortunately, only few hospitals in 
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the Iraq including AlKadhmiya hospital has established appropriate programs 

for IEM disorders. More studies are needed in Iraq to monitor and study the 

IEM. At the public level, and since consanguinity is the main factor of having 

the disorder in our region, continuous awareness campaigns through media, 

schools, and universities are recommended to educate the public about 

potential health risks posed by marriage between close relatives. Genetic 

counsellors also play a big role in educating and helping the parents and 

affected siblings in not having another affected child during future pregnancy 

by introducing them to primary prevention such as prenatal diagnosis or 

Preimplantation Genetic Diagnosis (PGD). Issuing a policy through 

governments to mandate the screening test for every new born is one effective 

approach to reduce IEM. Due to the rarity of specialized experts in this field, 

physicians, scientist, lab technologist, and governments should support 

training programs to compensate for this inadequacy. 

1.12. Aims and Objectives of the study:  

 To review the background documents on the state of the art of the 

scientific literature in this area of work. 

 To examine the feasibility of employing thin layer chromatography for 

qualitative analysis of amino acid.  

 To suggest areas where further research is needed, either to deal with 

gaps in the knowledge related to develop and diagnose the disorders of 

amino acid metabolism. 

 This study was also aimed to introduce a separation method of standard 

amino acid that could be effective for the detection amino acid disorders 

by producing distinguishable strategies based on silica gel TLC plates. 
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2. Methodology  

2.1. Study design  

 The present work included a cross section study from September 2020 till 

January, 2021. Samples were selected from the patients attending the rare 

diseases unit, Kerbala teaching hospital for children. The sociodemographic 

aspects of the patients were collected through the self-reported technique 

(student questionnaire) including age, gender, Genetics History of family, 

congenital abnormalities and having any current chronic diseases. They were 

also exposed to medical examination for signs and symptoms of IEM by sub- 

specialized doctor based on the World Health Organization (WHO) criteria.  

2.2. Materials and Methods:  

2.2.1. Chemicals 

In this chapter, chemical, instruments and tools were listed in Table 2-1.  

Table 2-1 Chemical used in current study 

 

 

Source (Country) 

 

Chemicals No. 

Lot: 812347 

Macherey-nagel(Germany) 

Thin layer chromatography plate 

(TLC)                                                 

1. 

Sigma –USA 

 

20 Amino acids 2. 

Thomas baker (India) 

 

Ninhydrin 3. 

Sigma /USA 

 

Mobile phase(butanol ,acetic acid, 

acetone and distal water)     

4. 

Scharlau (Spain) 

 

Ethanol 5. 

Sigma –USA 

 

Chloroform (stabilized with amylene ) 6. 
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Table 2-2 Instruments and apparatus used in current study. 

 

 

2.3. Study groups   

The study were included 56 samples, ages ranging from 7 day to 15 years. 

The patient samples were divided as follows: Neonate of age < 1month were 

Manufactures Apparatus 

 
NO 

Radwag (Poland) Electronic balancer sensitive 

 

1.     

Bioneer (England) Electric shaker 

 

2. 

Human Humapette 

(Germany) 

Centrifuge 

 

3. 

China Developing chambers 

 

4. 

Cooltech(China) Freezer 

 

5. 

Enzo 

Professional(Italian) 

Dryer 

 

6. 

Human Humapette 

(Germany) 

Micro Pipette(100-1000µl) 

 

7. 

Human Humapette  

(Germany) 

Micro pipette(10-100 µl) 

 

8. 

China Mheco(China) Gilson Tips,1000µl (blue) 

 

9. 

China Mheco (China) Gilson Micro-tips, 100µl 

(yellow) 

 

10. 

Lot:1912 China 

Mheco(China) 

Anticoagulant tube 

 

11. 

Lot:20160825 China 

Mheco(China) 

Glass test tube 

 
12. 

Lot :1910436 China 

Mheco(China)  

Capillary tube (blue) 

 
13. 

 Pencil 

 

14. 

 Ruler 

 

15. 
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seven, new born aged from 2-12 months numbered 39, children aged >1year 

were 10, 34 male and 22 female of them suspected inborn errors of 

metabolism .The study protocol was approved by the ethical research 

committee, College of Medicine, University of Karbala and Karbala Health 

Directorate.  

2.4. Patient Criteria:  

Patients were selected from Kerbala teaching hospital for children, This 

study consists of 56 patients suspected with inborn errors of metabolism which 

were selected from the rare diseases unit, in Karbala governorate. Samples size 

was calculated based on the prevalence of IEM .Weight, height, signs and 

symptoms, and the relationship between parents were recorded. A 

questionnaire was designed in order to identify important sociodemographic 

characteristics, general health status, family history of chronic diseases, and 

dietary habits. 

2.5. Approval of ethical:  

The protocol of the study was approved by Ethical Committee of Karbala 

Medical College, and committee of the rare diseases unit,  Kerbala teaching 

hospital for children .Samples (serum and urine) were obtained after consent 

from patients or the patients' relatives. 

2.6. Samples collection: 

2.6.1. Blood collection and storage: 

For all participants 3 ml of blood was taken from the vein by sterile 

syringe and transported in gel tube container to the central lab in Kerbala 

teaching hospital for children. And then centrifuged for 3 minutes at 4000 x g 

to separate serum. Serum then transported by micropipette e to sterile 
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container. Serum samples were stored and saved at 10°C until analyses. Blood 

collection tubes were be disposable, non-pyrogenic, and non-endotoxin. 

2.6.2. Urine collection and storage  

Three ml of urine samples were collected from patients by giving the 

parents a disposable urine cup, and urine samples were stored and kept in 

refrigerator for the working day. 

2.7. Methods: 

2.7.1. Preparation Standard Amino acid:  

Standardization of AA by TLC was performed for the standard.  0.1g of 

each stock amino acid was dissolved in 1ml distal water and spotted in TLC, 

the concentration of AA were listed in the table below: 

Concentration 

Molarity 

Molecular 

weight 

 g/mole 

Abbreviation Amino acid No 

Nonpolar ,aliphatic R-group 

1.3 M 75 Gly Glycine 1 

1.1 M 89 Ala Alanine 2 

0.86 M 115 Pro Proline 3 

0.85 M 117 Val Valine 4 

0.76 M 131 Leu Leucine 5 

0.76 M 131 Lle Isoleucine 6 

0.67M 149 Met Methionine 7 

Aromatic R-group 

0.60 M 165 Phe phenylalanine 8 

0.55 M 181 Tyr Tyrosine 9 

0.490 M 204 Trp Tryptophan 10 

Polar , uncharged R –group 

0.95 M 105 Ser Serine 11 

0.84 M 119 Thr Threonine 12 

0.82 M 121 Cys Cysteine 13 



Materials and Methods                          Chapter Two          

33 
 

0.75 M 132 Asn Aspargine 14 

0.68 M 146 Gln Glutamine 15 

Positively charged R-group (basic amino acids ) 

0.68 M 146 Lys Lysine 16 

0.57 M 174 Arg Argnine 17 

0.64 M 155 His Histidine 18 

 Negatively charged R- group (acidic amino acids ) 

0.75 M 133 Asp Aspartate 19 

0.68 M 147 Glu Glutamate 20 

2.7.2. Preparation of mobile phase for (TLC):  

 Fourteen ml of butanol (99.8 %) +14ml of acetone (99.9 %) +4ml of Acetic 

acid +8ml of distal water. 

2.7.3. Preparation of Ninhydrin reagent:  

Ninhydrin solution was prepared by dissolving 0.02 g of Ninhydrin in 10 ml 

of ethanol (95%). 

2.7.4. Preparation of serum patient's samples:  

Serums were isolated soon after collecting by centrifuging for 3 minutes at 

approximately 4000×g, serum samples were stored at refrigerator, then 0.5 ml 

of the serum was dissolved in 1 ml of ethanol, shaked and centrifuged  for 

three minutes at approximately 4 000 ×g. Then 250 uL of the supernatant was 

transfer to the can tube to the time of analysis. 

2.7.5. Preparation of urine patient's samples:  

Urine samples were collected   from the patients. Each 1 ml   urine samples 

were mixed with 3 ml of ethanol, shaked, and then centrifuged for three 

minutes at approximately 4 000 ×g.  After that only 1 ml of the mixer 

supernatant was separated and mixed with 3 ml of chloroform. This mixture 

was placed in a glass can tube, shaked and centrifuged for three minutes at 
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approximately 3 000 ×g.  Only the oily layer was separated then placed in a 

can tube to the time of analysis. 

2.7.6. Preparation of stationary phase for (TLC): 

The silica gel 60F 254 precoated thin-layer chromatography (TLC) plates 

(20 cm×20 cm, 0.20 mm) from Macherey-nagel (Germany) were used for 

amino acids analysis. The solutions (standard amino acids and patient 

samples) were applied to the points marked with a pencil on a line at equal 

distances where the points are within one centimeter of the edge of the plate. 

All stains were dried with a dryer prior placing the plate in the glass chamber. 

2.7.7. Principle of the TLC   Assay:   

       With an anti-coagulant capillary (test tube blue), three spots were applied 

from dissolved standard amino acids, While 5 drops of pre-prepared patient 

samples are applied and placed on the line drawn (1 cm from the edge) of the 

thin layer. Taking into account the size of the drop and the time period between 

drying of each drop and the other.  The prepared plate with sample spotting 

was placed into the glass chamber (A standard TLC glass chamber rectangular 

TLC developing tank complete from Aldrich; 25 cm x 23.5 cm x 5.0 cm; L x 

H x W) as evenly as possible and lean against the side of the plate, Never allow 

the bulk solvent to rise above the start line, Then the chamber was closed with 

a lid. Allow capillary action to draw the solvent up the plate and sufficient time 

(one hour) was given for the development of spots. Then, the plate was 

removed and immediately end labeled across the solvent front then, allowed 

to dry with dryer. After that, it was sprayed with ninhydrin (0.01M) which was 

prepared by dissolving 0.02 g in 10 ml of ethanol (95%)  . 
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2.7.8. Calculate the retention factor for each amino acid: 

 Every amino acid appears as spots separated vertically. Each spot has a 

retention factor (Rf) which is equal to the distance migrated over the total 

distance covered by the solvent. The Rf formula is  

 

RF=
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑏𝑦 𝑠𝑜𝑙𝑢𝑡𝑒 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑏𝑦 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 
 

2.8. Statistical analysis: 

Data analysis for this work was generated using the Real Statistics 

Resource Pack software for Mac (Release 7.2) of the resource pack for Excel 

2016. Copyright (2013– 2020) (85). 

Information from the questionnaire and all test results from patients 

and control samples were entered in data sheet. Descriptive statistics were 

performed on the participants’ data of each group using different Advanced 

excel charts such as tornado chart which was used to show the compression of 

different IEM complication among patients group.  
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3. Results and Discussion 

3.1. Demographic and clinical characteristics: 

Inborn errors of metabolism (IEM) are a group of over 500 heterogeneous 

disorders resulting from a defect in functioning of an intermediate metabolic 

pathway. Although outcomes can often be, good if recognised early. Due to 

the significantly contribution  of IEM to the burden of non-communicable 

childhood morbidity, this study was conducted to examine the feasibility of 

employed Thin Layer Chromatography for qualitative analysis of amino acid 

related to develop and diagnose the disorders of amino acid metabolism. 

The clinical demographic characteristics and laboratory parameters of patients 

groups were summarized in Table (3.1).  

The study were included 56 patients referred with explained symptoms with 

the suspicion of   inborn error of metabolism, patients number was calculated 

based on the sample size equation. Patients referred to different general and 

private paediatric hospitals and clinics. The current work illustrate the mean 

age of participants which was within ages ranging from 7 day to 15 years. 

Infants of age < 1month were7, newborn aged from 2-12 months numbered 

39and children aged >1year were 10. Regarding the gender, the number of 

females was 22 and males represent 34. Patients with positive consanguinity 

were 49 (87%). The patients who had a strong positive family history were 

about 33 (52%).  
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Table 3-1 Descriptive of the Demographic and laboratory characteristics 

of the study population.                                                                                    

                                                                                  

Since the parental consanguinity is the main cause of the inherit age IEM, 

results were shown a highly association between them.  The relationship 

between father and mother as a risk factor of IEM was 87% while the effect of 

family history was 52% and only 25% was for the history of effecting sibling 

as shown in (Figure3.1). This association with consanguinity predictable since 

all cases of IEM have an autosomal recessive mode of inheritance, this 

meaning family members may be carriers and not affected by the disease. 

Absence of the disease in family members does not rule out IEMs (86). In the 

study, consanguineous unions were found to be more frequent among people 

who were belonged to tribes with a high frequency of consanguineous 

marriages. However, there was limited data about this rate in Karbala. But, in 

general, a high rate of consanguinity was recorded in Iraq reaching an average 

of 47–60%, which may be related to the social, cultural, religious, and political 

factors (87). 

 

 

Sex 

Congenital 

abnormalities 

No. 

 Mode of delivery  

No. 

Father 

smoker 

No. 

Intellectual 

delay 

No. 

Ophthalmologi

cal problems 

No. 

Male  

No. 

Female 

No. 
With Without 

Caesarean 

birth 

Vaginal 

birth 
Yes No with Without with Without 

34 22 5 51 36 20 42 14 22 34 3 53 
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                 Figure 3-1 Local risk factors of inborn error of metabolism in Karbala/ Iraq  

3.2. Study of complications of inborn errors of metabolism  

The complications of inborn error of metabolism in this study were divided 

to four groups: complications of Gastrointestinal Tract, neurological 

Complications, Chief Complains, and other rare complications. Our study 

during shows (Figure 3.2) demonstrated the number of patients who were with 

or without the complications of Gastrointestinal Tract. Figure shown that 41% 

of the suspected IEM patients were with sign of jaundice (pale face and sclera), 

and 32%, 29% ,18%,16% ,5%, 5% with flatulence, vomiting , diarrhea , 

acidosis, dehydration and hepatomegaly respectively. 

Many studies were reported that the best-known metabolic disease associated 

with jaundice is galactosemia, in which deficiency of the enzyme galactose-1-

phosphate uridyl transferase  results in accumulation of galactose-1- phosphate 

and other metabolites such as galactitol that are thought to have a direct toxic 

effect on the liver and other organs. 

Other were reported that vomiting is characteristic as a feature for many 

groups of IEM because ammonia is ineffectively eliminated by the kidneys 

25%

75%

52%
48%

87%

13%

History of affected sibling  25%
Family History  52%
Relation between father and mother 87%

RISK FACTORS 
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and the body tries to excrete urea through Digestive (88). On the other hand, 

inborn errors of metabolism with acidosis could be result from the Organic 

acidemias and defects of pyruvate and ketone body metabolism (89). While 

hepatomegaly was consider as a common clinical finding in several forms of 

storage disorders (Glycogen storage disorders and Lysosomal storage 

disorders). It can be either an early or only sign of a hepatic manifestation of 

an inborn error of storage metabolism (90). Lactose intolerance also consider 

as a clinical syndrome of one or more of the following: abdominal pain, 

diarrhea, nausea, flatulence, and/or bloating after the ingestion of lactose or 

lactose containing food substances (91). 

 

 

Figure 3-2 the number of patients who were with/without Gastrointestinal Tract   

Complications in IEM patients.  

Neurologically the most common manifestations of IEM in the neonatal period 

are decreased level of consciousness; seizures; hypo- or hypertonia.  

Results were shown about 39%, 18%, 41%, 50%, 36% of suspected IEM 

patients were with Intellectual delay, Lethargy, Spasticity, Hypotonia, 

Epileptic seizures respectively (see (Figure3.3). 

 

 

38

53

40

47
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46

33
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Flatulence
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Figure 3-3 the number of patients who were with neurological complications in IEM 

patients. 

Coma in a neonate is likely due to an intoxication metabolic disorder such as 

UCD and OA and often treatable. Hypotonia as the only presentation in a 

neonate caused by an IEM is rarely treatable (92) (93). Also, many IEMs can 

present with severe hypotonia, muscle weakness and poor muscle mass can be 

seen in urea cycle disorders (UCD) and organic acidemias. Severe neonatal 

generalized hypotonia and progressive myopathy can be seen in primary and 

secondary mitochondrial disorders, fatty acid oxidation defects (FAO), 

peroxisome biogenesis disorders (PBD), glycogen storage diseases (GSD), 

and some other lysosomal storage diseases (94). Mental status changes in a 

new-born can be seen in several underlying common biochemical 

derangements, such as metabolic acidosis, hyperammonemia, or 

hypoglycaemia (95). The alteration in mentation may progress from irritability 

to lethargy and ultimately a comatose state. In general, coma due to metabolic 

derangements is associated with abnormal movements of the limbs or elevated 

muscle tone, or neuro-vegetative symptoms such as hiccups. A comatose state 

associated with hypotonia is more commonly caused by non-metabolic 

processes but may also be seen in IEM such as UCDs (96). On the other hand, 

IEM that lead to energy deficiency may show a progressively worsening 

clinical course without initial symptom-free interval and with more variable 
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severity of initial presentation. These IEM are also more likely to be associated 

with cardiac or hepatic abnormalities. Seizures in the neonatal period are 

another common initial finding of IEM, and unexplained or intractable 

seizures in a neonate should always raise the suspicion for IEM (97). Seizures 

may present with a mixed semiology including partial, generalized, 

myoclonic, and tonic seizures (98).  

Chief Complains of IEM   varies with age at study presentation based on which 

various inborn errors of metabolism (IEMs) manifest clinically. Symptoms 

could range from abrupt in onset and episodic to chronic and progressive. 

Results indicated that the percentage of the chief complains mainly were 20% 

for Jaundice and 16% for delayed growth, 10% for both lethargy and vomiting 

as shown in (Figure3.4).  

 

Figure 3-4The number of patients who were with Chief Complaint in IEM patients. 

galactosemia usually causes no symptoms at birth, but jaundice, diarrhea, 

vomiting, and cataract formation soon develop and the baby fails to gain 

weight. hypoglycemia may be observed. The disease may present initially with 

indirect hyperbilirubinemia resulting from hemolysis secondary to high levels 

of galactose-1-phosphate in erythrocytes. In addition, the effects of acute 

galactose toxicity in the brain may sometimes because the CNS symptoms to 
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pre- dominate. Escherichia coli infections are common in untreated 

galactosemic infants, and death can occur at as early as 1 to 2 weeks of age 

from severe E coli infections. The American Liver Foundation recommends 

that all infants who develop jaundice be considered for galactosemia (99).  

Furthermore, vomiting also was one of the inborn errors of metabolism and 

might be consider as one of the patients differentiation presenting with a cyclic 

vomiting syndrome phenotype. Classes of disorders include: mitochondrial 

disorders, fatty acid oxidation disorders, urea cycle defects, organic acidurias, 

and acute intermittent porphyria. Children with cyclic vomiting syndrome 

manifest with periodic attacks of nausea with frequent vomiting. Attacks can 

last from hours to days. Typically, attacks have a certain periodicity and are 

stereotyped within an individual (100). Onset is most commonly around age 

five years (101). Many previous studies have been reported that galactosemia 

is the main reason of the long-term complications of IEM (102) (103) (104) 

(105). These appear to be independent on the severity of  initial illness and the 

strictness of dietary compliance, growth retardation, decreased bone density, 

verbal dyspraxia, difficulties in spatial orientation and visual perception, and 

intellectual deficits have been variably described as complications of 

galactosemia (106). Commonly, the organic acidemias, such as 

glutaricacidemia type II, pyruvate carboxylase deficiency, or urea cycle 

disorders has been reported to result in Hyperammonemia, along with 

respiratory distress and metabolic acidosis (107). (Figure 3.5) demonstrated 

the rare complication of the suspected IEM. 
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Figure 3-5 the number of patients who were with other complications in IEM patients. 

Study was also including examination the distinctive cranial development. 

Previously, it was reported that about 60% of infants develop microcephaly 

due to Glucose Transporter Defect (GLUT1 Deficiency Syndrome) (108). 

Current study indicated that 32% of the patients had Microcephaly while 27% 

were Macrocephaly and 41% were Normal as shown in (Figure3.6) 

Short-chain acyl-CoA dehydrogenase deficiency (SCADD), a mitochondrial 

fatty acid metabolism disorder, might results in an accumulation of 

butyrylcarnitine and ethyl malonic acid in blood and urine which could cause 

microcephaly (109).Glutaric aciduria type I(GA I ) caused by the deficiency 

of glutaryl CoA dehydrogenase, a mitochondrial matrix enzyme involved in 

the degradation of lysine, hydroxyl lysine, and tryptophan, Macrocephaly may 

be the first manifestation of GA- I (110). 
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Figure 3-6 the number of patients who were with  abnormal cranial development in 

IEM patients. 

Effect the types of feeding were also investigated thoroughly, since disease is 

a genetic disorder; most new-borns are born naturally at birth (free of any 

symptoms of the disease). Disease symptoms start to appear immediately after 

feeding. When the milk is catabolised, it produces a complex proteins, 

carbohydrates and fats, and these substances are broken down into (amino 

acids, glucose and fatty acids). Therefore, any genetic defect in any enzyme 

responsible for catabolizing these substances (amino acids, glucose, and fatty 

acids) may showing symptoms of the disease. 

 (Figure 3.7) showing that using both natural and artificial milk could be a  

factor in the emergence of symptoms of the disease. Sometimes the symptoms 

may be delayed for months after childbirth, and the reason is a partial defect 

in the work of the enzyme which leads to accumulation of those substances 

(amino acids, glucose, and fatty acids) inside the body's organs (such as the 

brain) which resulting from the breakdown of milk.  Therefore the early 

diagnosis could be a key factor for direction a special medical treatment 

protocol (111).  

32%

27%

41%

Microcephaly Macrocephaly Normal
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Figure 3-7 Distribution of suspected IEM patients based on types of feeding 

3.3. Examination the standard amino acid by TLC 
This study was attempted to examine the basic ideas and the significance 

of Thin layer Chromatography (TLC) as laboratory methods used for 

preliminary method prior to mass spectrophotometry. This could be performed 

with less complicated technique to analysis amino acid disorder in patients 

with IEM. 

 

It has performed precisely the 20 amino acids and separated them according 

to different ways which were listed below: 
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3.3.1. Standardisation the AA by TLC based on the arithmetic retention 

factor  

All 20 amino acids were standard by TLC on a regular silica plate based on 

arithmetic retention factor. The retention factor (Rƒ) values could be reflect 

the behavior of an individual AA in TLC, which is characterized by a quantity 

Known as Rƒ and is expressed as a decimal fraction. The Rƒ is calculated by 

dividing the distance the compound traveled from the original position by the 

distance the solvent travelled from the original position (the solvent front), 

generally, It is a constant for each component only under identical 

experimental condition.The calculation of Rf for each amino acids were 

performed by ten repeated runs. Rf values was calculated and compared with 

the repeated values to identify the amino acids. The Rf value for each known 

compound should remain the same provided the development of plate is done 

with the same solvent, type of TLC plates, method of spotting and in exactly 

the same conditions.Samples of Tyrosine and Phenylalanine amino acid 

standard runs were shown in Figures (3.8) (3.9). The figures illustrated the ten 

Rf reading, and the rest of amino acid were shown in the appendix (figures 

20). 

Separation principle No 

Depending on the arithmetic mean of the retention factor  

 

 1 

Depending on the range (minimum - maximum) retention factor of ten 

readings 

2 

Based on amino acid colour on TLC plates with ninhydrin spray reagent  3 

Based on the shape of the amino acid spot on TLC 4 

according to the distance travelled by sample of each amino acid for ten 

readings  

5 
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Figure 3-8 Calculated Rf of standard amino acid (Tyrosine) from ten repeated runs by 

TLC. 

 

Figure 3-9 Calculated Rf of standard amino acid (Phenylalanine) from ten repeated 

runs by TLC. 

On the other hand, the Amino acids were divided into six subgroups according 

to the rounding Mean of Rf for each amino acid in an attempt to make the 

identification of the amino acid more and easily separated since the preparative 

TLC can be a far more efficient in terms of time and cost than doing mass 

spectrophotometry. The groups of AA were listed in the Figures below.  Group 

A was included the amino acids (Glycine, Serine , Histidine , Alanine , 

Aspargine) the range of their Rf was (0.4, 0.42, 0.42, 0.43, 0.43) respectively 
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as demonstrated in (Figure 3.10 ) , Group B was included the amino acids 

(Threonine, Glutamic, Valine, Cysteine) the range of their Rf was ( 0.49, 0.51, 

0.54, 0.55) respectively as demonstrated in (Figure 3.11), Group C was 

included the amino acids (Proline, Glutamine, Aspartic) the range of their Rf 

was ( 0.46) as demonstrated in (figure 3.12), Group D was included the amino 

acids (Methionine, Isoleucine, Leucine) the range of their Rf was (0.66, 0.68, 

0.69) respectively as demonstrated in (Figure 3.13), Group E was included the 

amino acids (Phenylalanine, Tyrosine , Tryptophan) the range of their Rf was 

(0.7, 0.72, 0.73) respectively as demonstrated in (Figure 3.14), while Group F 

was included the amino acids (Lysine, Arginine) the range of their Rf was ( 

0.19, 0.33) as demonstrated in (Figure3.15). 

 
 
Figure 3-10 The mean of retention factor (Rƒ ) values  of standard Amino acids (Group 

A) including (Glycine, Serine , Histidine , Alanine , Asparagine) separated by TLC 

Glycine ; 0.4

Serine , 0.42

Alanine ; 0.43

Aspargine , 0.43

Histidine ; 0.42

0.395

0.4

0.405

0.41

0.415

0.42

0.425

0.43

0.435

M
e

an
 o

f 
R

f 

Amino Acids 

Group A

Glycine Serine Histidine Alanine Asparagine



Results and Discussion                            Chapter Three  

 

50 
 

 

Figure 3-11 The mean of retention factor (Rƒ) values of standard Amino acids (Group 

B) including (Threonine, Glutamic, Valine, Cysteine) Separated by TLC 

 

 

 
 
Figure 3-12 The mean of retention factor (Rƒ ) values  of standard Amino acids (Group 

C) including (Proline, Glutamine, Aspartic) separated by TLC 
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Figure 3-13 the mean of retention factor (Rƒ) values of standard Amino acids (Group 

D) including (Methionine, Isoleucine, and Leucine) separated by TLC 

 

 

 
 

  

 

Figure 3-14 the mean of retention factor (Rƒ) values of standard Amino acids (Group 

E) including (Phenylalanine, Tyrosine, and Tryptophan) Separated by TLC 
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Figure 3-15 the mean of retention factor (Rƒ) values of standard Amino acids (Group 

F) including (Lysine, Arginine) separated by TLC 

 

3.3.2. Standardisation the AA by TLC depending on the range 

(minimum - maximum) retention factor  

        Since the different AA  were shown  a similarity in the mean of Rf due to 

their  traveling  in a same rates because of  their attraction to the stationary 

phase and/or  their  solubility in the solvent, therefore another Standardisation 

were done depends on the range (minimum - maximum) of the retention factor 

for ten repeated readings. The range of Rf of each AA were listed in the (Table 

3-2). 
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Table3-2 Range of the retention factor for the 20 Amino acids                                                                                      

 

3.3.3. Standardisation the AA by TLC based on amino acid colour in the 

TLC plates with ninhydrin spray reagent 

Apparently, some amino acids were impossible to distinguish by their Rf due 

to showing a sort of interference, therefore a new suggested way was 

performed  in order to get a more appropriate separation of the Standard 

solutions  of amino acids by examine the differences of the amino acid colours 

and shapes in the  TLC plates with ninhydrin spray reagent. Since amino acids 

are colourless compounds, ninhydrin is used for detecting them. Ninhydrin 

reacts with α- amino acids that results in range coloured spots. Colours were 

observed visually, and the colour pictures of chromatograms by digital camera 

were recorded. (Table3-3) was illustrated the colour of the 20 standard amino 

acid.

Range of 

 RF 

Amino acids  N0 Range of 

RF 

Amino acids No 

0.40-0.48 Serine 11 0.34-0.50 Glycine 1 

0.45-0.55 Threonine 12 0.37-0.49 Alanine 2 

0.50-0.63 Cysteine 13 0.38-0.61 Proline 3 

0.41-0.48 Asparagine 14 0.53-0.59 Valine 4 

0.42-0.52 Glutamine 15 0.65-0.79 Leucine 5 

0.13-26 Lysine 16 0.62-0.72 Isoleucine 6 

0.30-0.36 Arginine 17 0.62-0.76 Methionine 7 

0.39-0.48 Histidine 18 0.67-0.79 Phenylalanine 8 

0.43-0.50 Aspartic 19 0.66-0.78 Tyrosine 9 

0.50-0.55 Glutamic      20 0.65 -0.79 Tryptophan 10 
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Table 3-3 Colour formation of amino acids on TLC plates with ninhydrin reagent 

 Shape Observation The chemical composition of 

amino acids 

Amino acid 

Nonpolar ,aliphatic R-group 

elongated oval  shape 

with  Yellowish brown 

colour  

 

 

 

 

 Glycine 

 

Fingur print  shape with 

deep raddish  

  

 

 

Alanine 

Circle  shape 

lemon  

 

 

 

 

 

 

 

 

Proline 

Candel  shape 

Reddish pink 

 

 
 

 

 

 

Valine 
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Candel  shape 

 
 

Reddish brown 

  Leucine 

Ice cream shape 

Reddish cone with 

brown cup 

 

 

 

 

 Isoleucine 

Chef hat  shape 

 
 

Pinkish brown 

  Methionine 

Aromatic R-group 

Circle 

Cloud shape 

Yellowish violet 

 

 

Phenylalanine 

Fog 

Light yellowish pink 

 

 

 

 

 

Tyrosine 
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Smoke  shape  

Brownish violet 

  Tryptophan 

Polar , uncharged R –group 

Fingure print  shape 

 

Deep pink 

  Serine 

Cylinder  shape 

 

Bluish violet 

  

 

Threonine 

Rocket  shape Pale 

cream 

 

 

 

 
 

 

 

 

Cysteine 

M shape 

Light yellowish  brown 

 

 

 

 

 

 Aspargine 
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Clock shape 

Orangish pink 

 

 
 

 

 

 

Glutamine 

Positively charged R-group (basic amino acids ) 

Candel flame  shape 

Yellowish pink 

  

 

Lysine 

Tooth  shape 

 

Purple  

  Argnine 

elongated oval  shape 

light pink 

  

 

 

 

 

Histidine 

Negatively charged R- group (acidic amino acids ) 

Lungs 

 

Yellowish pink 

  Aspartate 

Tooth 

 

Yellowish viloet 

  Glutamate 
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The newly designed Standardization of AA which was established to detect 

the twenty amino acids on thin-layer chromatography plates based on different 

strategies shown good demonstration throughout the Rf and producing various 

distinguishable colours.  

Although TLC can be used easily for routine analysis, this chromatographic 

system could be involved in a combination ways which might be results in 

better performance. 

It can be concluded that based on the results obtained from the simple 

fingerprint TLC analysis will be helpful in identification and standardization 

of AA and can be utilized as a reference for the identification of AA disorder 

such as in IEM. 

3.4. Clinical application of Standardization Amino Acid by 

TLC 
Generally, Physicians in the public health service who wished to request 

any screening test for suspected IEM patients have to send it for outpatient's 

clinic because no higher performance methods are available locally. Definitive 

laboratory diagnosis is crucial in confirming clinical suspicion of AA disorder/ 

IEM since its clinical presentation is non-specific and can mimic common 

conditions. 

Early diagnosis by the expanded newborn screening programme using 

Tandem Mass Spectrometry (TMS) in the developed countries followed by 

early intervention during the presymptomatic or early symptomatic period 

have been shown to improve the outcome of patients with IEM which is 

available only outside and generally sending to the neighbour country 

(Jorden). Delayed diagnosis is common in our case series, which might be 

involved in the increasing numbers of IEM among children that in many cases 

death even before getting results.  
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Since we need to probably way forward for our country, Therefore, the 

Standardisation of AA by TLC was applied in sera patients of suspected IEM. 

If the screening procedure is properly applied, the tentative diagnosis of 

Amino acids disorder might be possible in the same day of the test. 

Patient's samples were selected from Kerbala teaching hospital for children. 

Study consists of 56 patients suspected with inborn errors of metabolism, 

which were selected from the rare diseases unit. 

Samples were analyse for any amino acid disorder using TLC exactly same as 

method of the standard of AA, and in the same time, in order to confirm the 

results of TLC,  a blood samples of some patients (12 cases) were sent for  

screening using Tandem Mass Spectrometry (TMS) to Amman/ Jorden. The 

results were back after 1 month. Samples of TLC run for separation of AA in 

urine  and serum  of suspected patients with IEM shown in figure (3-16),(3-

17) (3-18)(3-19) and TMS for same patient were illustrated in the appendix 

shown in figures(21,22,23). Neither the blood samples nor the urine samples 

of the suspected patients were demonstrated any AA disorder compering to 

the colour and shapes of the standard AA, these patients’ results for no AA 

disorder were confirmed by patient’s results of mass spectrum. 

 

 

 

 



Results and Discussion                          Chapter Three        

60 
 

 

 

 

 

 

 

 

 

 

Figure 3-16 TLC run using urine samples of suspected patients with IEM 

 

 

Figure 3-17 TLC run using urine samples of suspected patients with IEM 
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Figure 3-18 TLC run using serum samples of suspected patients with IEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-19 TLC run using serum samples of suspected patients with IEM 
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4. Conclusion and Recommendation  

4.1. Final conclusion: 

The initial tests to perform in a patient suspected to have a type of IEM 

generally consist of simple tests those could be done in majority of the medical 

centres, Advanced Investigations are generally performed in specialized 

centres for IEM and help to carry differential diagnosis further,  

NBS is a very important act for the earliest diagnosis of patients with IEM and 

is of significant importance to initiate early treatment to prevent morbidity and 

mortality. 

The development of analytical methods to measure amino acid concentrations 

in biological samples can contribute to research on the physiological actions 

of amino acids and the prediction.  

Thin layer chromatography (TLC) was an easy qualitative method, convenient 

and inexpensive way that could use to determine types of components (AA) 

were in a mixture of suspected IEM patients by standarazation twenty amino 

acid.  
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4.2. Recommendation  

Continuous research is needed to identify additional work such as: 

1. Much of the pathology in disorders of IEM is known to be caused by 

oxidative damage by reactive oxygen species (ROS). It could be a good 

idea to link the type of amino acid disorders with the levels of reactive 

oxygen species. 

 

2. Confirmed AA disorder samples could be link with genetic and 

molecular analysis to give more specific investigations.  
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Appendix 

Questionnaire 

University of Karbala-college of medicine 

Department of clinical biochemistry 

Experimental data 

 

 

Type of study: gross section study  

Sample No……………………………………. 

Age…………………………………………. 

Gender…male…female…………………. 

 Body mass index… (Weight and High)… 

Do the father and mother relatives?  

Do you have other children suffering from symptoms of the same disease? 

 Does the family have any chronic genetic history?  

What is the patient's diet?  

What is the type of feeding Breastfeeding or artificial? 

What treatment did mother take during pregnancy?  
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Figures 20: Calculated Rf of standard amino acids from ten repeated runs by 

TLC.  
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Figures 21 shows the result of patient with TMS  
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Figure 22 shows the result of patient with TMS 
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Figure 23 shows the result of patient with TMS 

 



 

 

 :الخلاصة

 

عمل مختلف الإنزيمات يتم تنظيم عملية التمثيل الغذائي في مسارات حيث يتم تحويل المكونات من خلال 

(. عندما لا يعمل واحد أو أكثر من هذه الإنزيمات بشكل بناء او الهدمالتي تحفز تحول الركائز )ال

الأخطاء الفطرية في التمثيل يمكن أن تحدث اضطرابات التمثيل الغذائي. يتم توريث معظم  صحيح،

إلى  800: 1يقدر معدل حدوث الأخطاء الخلقية في التمثيل الغذائي من  .بطريقة وراثية متنحيةالغذائي 

ولادة حية ، على الرغم من أن الحدوث ربما يكون أعلى بكثير نظرًا للصعوبات في التشخيص  1000: 1

 التمثيل في الفطرية الأخطاء السريري والقيود في الاختبارات التشخيصية كانت نسبة حدوث وانتشار

ف في بلدان مختلفة. يعتمد التصنيف على عملية التمثيل الغذائي المتأثرة أو الإنزيمات تختل الغذائي

واضطرابات التمثيل  الأمينية،المشاركة في إنتاج المواد السامة مثل الاضطرابات الفردية للأحماض 

 البيور يناتايض واضطرابات  للدهون،واضطراب التمثيل الغذائي  للكربوهيدرات،الغذائي 

 يريميدين. والب

 في فعالة تكون أن يمكن التي القياسية الأمينية الأحماض لفصل TLC طريقة إدخال هو الهدف كان

 أساس على تمييزها يمكن استراتيجيات إنتاج خلال من الأمينية الأحماض اضطرابات عن الكشف

 المرضى من  العينات الدراسه الحاليه اختيار تم. السيليكا هلام مناللوني طبقه رقيقه  ألواح

 حمض 20 تحليل  وتم ،. للأطفال التعليمي كربلاء بمستشفى النادرة الأمراض وحدة في الموجودين

 فصل تم ذلك بعد(. أميني حمض لكل مرات 10)  اللوني  بواسطة الطبقة الرقيقة قياسي  أميني

 تتراوحعينة  56 الدراسة وشملت المرضى،لمجموعه  والبول المصل في الأمينية الأحماض

 تقل الذين الولادة حديثي: التالي النحو على المرضى عينات تقسيم تم. سنة 15 إلى أيام 7 من أعمارهم

 ،39 وعددهم شهرًا 12-2 بين أعمارهم تتراوح الذين الولادة حديثي ،7 كانوا شهر 1 عن أعمارهم

٪ 41 أن دراستنا وأظهرت ،34 والذكور ،22 والإناث ،10 سنة عن أعمارهم تزيد الذين والأطفال

 و اليرقان، علامات من يعانون بهم المشتبه الغذائي التمثيل في الفطرية الأخطاء مرضى كان من

 والجفاف حموضه الدم و والإسهال والقيء البطن انتفاخ مع٪ 5 ،٪ 5 ،٪ 16 ،٪ 18 ،29٪ ،32٪

 مرضى من٪ 18 ،٪36 ،٪39 ،٪41 ،٪50 حوالي أن النتائج أظهرت. التوالي على الكبد وتضخم

 الذهني والتأخر والتشنج التوتر نقص من يعانون بهم المشتبه الغذائي التمثيل في الفطرية الأخطاء

اللوني  الرقيقة الطبقة على الأمينية قياس الأحماض إجراء تم .التوالي على والخمول الصرع ونوبات

 إثباتاً تظهر مختلفة شكل استراتيجياتالدراسة على  نتائج إنشاء تم: مختلفة استراتيجيات على بناءً 



 

 

 عامل أدى ،(النطاق أو/  و المتوسط) الاحتفاظ عامل أنحاء جميع في الأمينيةلقياس الاحماض  جيدًا

فصل الاحماض  تم كما. لذلك فقاًومجاميع  6 في الأمينية الى تقسيم الاحماض الحسابي الاحتفاظ

 الثلاثة الطرق تساعد. تمييزها يمكن مختلفة التي أشكال/  ألوان إنتاج على بناءً الأمينية القياسية 

الأخطاء  ثلث أن عنتحديد  تم. والمصل البول عينات في الأمينية الأحماض تحديد في أعلاه المذكورة

 هذه تشخيص ويجب الأمينية، الأحماض اضطرابات من كانفي التمثيل الغذائي  الفطرية

 على للحصول عام، بشكل. السيئة المضاعفات لمنع ممكن وقت أقرب في وعلاجها الاضطرابات

 للمرضى   الكفاءة عالي للون فاصل سائل & الترادفي الكتلي الطيف قياس إجراء يجب التشخيص،

 وقتاً وتستغرق مكلفتين الطريقتين وكلا الأمينية، الأحماض اضطراب لديهم كان إذا بهم المشتبه

 هذه اقترحت الضارة، الآثار هذه تجاوز أجل من. العراق في قليلة مواقع في فقط ومتوفرة طويلاً 

 في يساعد أن يمكن( الوقت حيث من وفعال مكلف، وغير سهل،)اللوني بالطبقة الرقيقة  البدء الدراسة

 استخدام يمكن ثم الأمينية، الأحماض اضطرابات من يعانون الذين بهم المشتبه المرضى فحص

( الكفاءة عالي للون فاصل سائل&    الترادفي الكتلي الطيف قياس) وحساسية تحديدًا الأكثر الطرق

 .التشخيص لإثبات فقط

 



 

 

 جمهورية العراق 

 وزارة التعليم العالي والبحث العلمي

 جامعة كربلاء / كلية الطب

 والكيمياء الحياتيةفرع الكيمياء 

 

 

 

 الأمينية الأحماض اضطراب عن المبكر اللوني للكشف رقيقةال طبقةالفائدة 

 

 

 رسالة مقدمة الى مجلس كلية الطب / جامعة كربلاء كجزء من متطلبات

 نيل شهادة الماجستير في الكيمياء السريرية

 من قبل

 منى علي حسين

(2017بكالوريوس طب وجراحه بيطريه  ) 

 اشراف 

د. رياض عبد الرسول حنيوه                                                       جيد حميدا.م.د رنا م  

كيمياء مرضيهبورد                                                      كيمياء حياتيه سريريةدكتوراه   

كربلاء – التعليميين مستشفى الحس                                           جامعه كربلاء–كليه الطب   

  

 

( ميلادي 2021( هجري                                                                       )1443)    


