UNIVERSITY OF HEALTH SCIENCES LAHORE
REFERENCE RANGES OF STANDARD AMINO ACIDS IN DISEASE FREE NEONATAL POPULATION OF NORTHERN PAKISTAN: A DESCRIPTIVE STUDY AT AFIP, RAWALPINDI, PAKISTAN
[image: AFIP LOGO]




BY 
ASIF KHAN
A study report is submitted to the Board of undergraduate studies in partial fulfillment of the requirement for the degree of B.Sc (Hons) Allied Health Sciences - Medical Laboratory Technology
Armed Forces Postgraduate Medical Institute Rawalpindi
May 2016


DECLARATION
This is to certify that Thesis entitled “Reference ranges of standard amino acids in disease free neonates by ion exchange chromatography” submitted to the university of health Lahore for the partial fulfillment of the requirement of the award of degree B.Sc. (HONS) in Medical laboratory technology comprises only my original work and due acknowledgement has been made in the text to all other material used.

ASIF KHAN













COMPLETION CERTIFICATE

This is to certify that thesis entitled Reference ranges of standard amino acids in disease free neonates by ion exchange chromatography submitted to the University of Health Sciences, Lahore by “Asif Khan” for the partial fulfillment of the requirement of the award of degree B.Sc. (Hons) in Medical Laboratory is a record of the candidate own work carried out by her under our supervision. The matter embodied in this thesis is original and has not been submitted for the award of any other degree of this level.
                                   

                                     Clinical Supervisor _____________________                                                                                                    
Brig (Prof) Aamir Ijaz
MBBS, FCPS, Consultant chemical pathologist
Armed Forces Institute of Pathology Rawalpindi



 Research Supervisor___________________
                                    Miss Anam Haider                                                       
                                                                        Statistical Officer
                        Armed Forces Postgraduate Medical Institute Rawalpindi






DEDICATED TO
I dedicate this accomplishment to my beloved family who supported me throughout my life.











ACKNOWLEDGEMENTS

In this study, God Almighty showered blessings upon me to complete this work timely. All of the praises goes to Allah Almighty who empowered me to do a study and awarded me time to present this work in a report format after the completion of this work.
It is a great honor and pleasure to express my sincere gratitude first and the foremost to my respected and learned study Supervisor, Brig Aamir Ijaz,  Consultant chemical pathologist/Professor of pathology, Armed Forces Institute of Pathology, Rawalpindi who allowed me to do study work under his supervision and support.
I wish to express my sincere gratitude to all of my teachers at Department of chemical pathology, Armed Forces Institute of Pathology (AFIP), especially Col Muhammad Aamir and Lt.Col Ayesha Hafeez for illuminating and enlightening my mind with knowledge and for their valuable suggestions, necessary corrections and guidance during writing the research report.
		In addition, Miss Anam Haider, Statistical Officer at Armed Forces Postgraduate Medical Institute Rawalpindi .She supported me in finalizing the study topic and her tremendous help, guidance, and motivation helped me to complete my research in time with better understanding of thesis writing, laboratory test performance, article revision and statistical tools application, in short, at every step of this study.
I owe my deepest gratitude to all laboratory staff of Immunology department of AFIP who always encouraged me and make me feel free in the department. I am especially thankful to Mr. Muhammad Waseem for his support in performing test procedure and completing the project.
I am thankful to my parents and my Beloved uncle for their uncounted love and prayers.

                                                                                                                      Asif Khan




ABSTRACT
Reference values were determined for 23 plasma free amino acids from measurements done in 100 healthy neonates ranging from 0 to 29 days of age. Amino acid analysis was performed by ion-exchange chromatography. We propose a graphic form of presenting the age-specific distribution of plasma amino acid concentrations where tabulated and figures are illustrated. This alternative way of presenting amino acid concentrations may facilitate the follow-up of patients with inborn errors of amino acid metabolism.
Objectives:
To determine the the reference ranges of standard amino acids in the plasma of disease free neonates of northern Pakistan.
Design:
A Descriptive cross sectional study.
Place & Duration of Study:
The Department of chemical pathology and endocrinology at Armed Forces Institute of Pathology, Rawalpindi, Pakistan from July 2015 to December 2015.
Material& Methods:
Patients of both genders from age 0-29 days, who were clinically healthy from July 2015 to December 2015, were included in this study. Two ml of individual whole blood was collected in a Lithium heparin tube and processed within 1 day of collection. Quantitative amino acids analysis was performed after deproteinization with 10 % sulfosalisylic acid(deproteinizing agent).The results are obtained in the form of chromatogram.
Results:
A Total of 100 clinically healthy neonates were studied during study out of which 60 were male and rest of them were female 
Conclusion:
In conclusion, we became able to establish reference ranges of plasma amino acids in healthy neonates with IEC by ninhydrin postcolumn derivatization. The reference intervals derived in the present study may be useful when applied to the diagnosis and monitoring of therapy in patients with a particular metabolic disease in neonatal population.
There are some preanalystical variables that affect the plasma amino acids analysis like; Hemolysis,Icterus,Buffy Coat Contamination and Delayed transportation. They interfere with the quantification of amino acids by the Ion exchange Chromatography.
The study results showed no difference in boys and girls in the age of 0-1 month.
Keywords:- Plasma Amino acids, Reference Ranges, Disease free neonates.
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CHAPTER I
INTRODUCTION
Amino acids are organic compounds consist of both Amino group (NH2) and carboxylgroup (COOH) attached to alpha carbon. In addition to these Amino acid may contains another functional group (e.g. sulfhydryl, hydroxyl or secondary amino or Carboxyl group).Amino acids serves as proteins building blocks, as metabolic intermediates and as a source of energy (Gluconeogenic amino acids).The universal importance of Amino acids stems from their role in literally all metabolic and cellular functions. Their availability and normal metabolism is essential for the wellbeing of an individual. Although more than 300 different amino acids have been discovered in nature, only 20 are commonly found as constituents of Mammalian proteins(note: These are the only amino acids that are coded for by DNA, which are called standard amino acids. Half of these amino acids can be synthesized endogenously (nonessential aminoacids)and includes;Lysine,Leucine,isoleucine,tryptophan,methionine,phenylalanine,valine and threonine; the other half(the essential Amino acids) are derived from the diet. Arginine (conditionally essential). Cystein Serine and Proline are the Non-essential Amino acids.  Alanine Asparagine Glycine Glutamic acid Glutamine (conditionally essential) cysteine, Histidine (essential for children). Some non-essential Amino acids become essential in certain conditions like developmental and rapidly growing stages, morbid conditions (fever, wound, post-surgery and other inflammatory disorders). Amino acids are present in virtually all cellular and metabolic functions and are implicated in several metabolic disorders. Characteristic Amino acids profile, the presence or normally undetectable amino acids may lead to or suggest a diagnosis. Inherited defects of Amino acids metabolism are clinically and biochemically heterogeneous with a variable and disease specific course. This may be Primary (Genetic Defect) or it may be Secondary (Intestinal dysfunction, organ pathology or nutritional deficiency. Table shows their distribution. Although individually they are rare. The collective incidence of IEM worldwide is found to be around 1 in 3,000 live births in countries implementing population-based Neonatal screening for all their newborn babies. The true incidence of IEM in most of the countries in Asia, including Pakistan, is still not known. IEM is thought to be higher in Pakistan 10 in the last years, mainly due to under-nutrition, high rates of consanguinity and the lack of awareness among Pediatrician as well as the lack of definitive laboratory diagnostic facilities.
	Clinical Use
· Diagnose primary aminoacidopathies
· Screen for secondary aminoacidopathies
· Monitor therapeutic response
· Assess nutritional status
Clinical Background
Primary aminoacidopathies are typically autosomal recessive or X-linked inherited disorders resulting from a deficient enzyme or transport protein. Over 30 aminoacidopathies have been described in the literature. Symptoms range from relatively benign to severe and may include, but are not limited to, growth and mental retardation, developmental delay, learning disabilities, seizures, lethargy, coma, vomiting, metabolic acidosis or alkalosis, sudden infant death syndrome (SIDS), osteomalacia, and osteoporosis. Depending on the natural history of the disorder, symptoms may be minimized or prevented by early diagnosis and treatment. Treatment may be based on dietary restrictions and/or supplementation with cofactors (eg, riboflavin or cobalamin) or conjugating agents (eg, carnitine or sodium benzoate).


	




Cases were often misdiagnosed and mistreated as septicemia orCerebral palsy.
The common presenting features are poor feeding, lethargy, septicemia like
illness, seizure, metabolic acidosis and hyperammonemia.

The pattern of amino acids in body fluids gives account of the physiological and pathophysiological status of different metabolic pathways. There are important indications for the monitoring of blood and urine amino acids. One of them is important clinical situations such as developmental delay, Failure to thrive, intolerance to feeding, hypoglycemia, jaundice and seizures, which suggest aminoacidopathies. Another important indication is the monitoring of blood and urine amino acids to follow the effectiveness of treatment.(Lepage N, Incomplete pediatric reference intervals for the management of patients with inborn errors of metabolism., 2006).Plasma and urine amino acid measurements are one of the most common tests analyzed in aminoacidopathies.
Plasma amino acids composition is dependent on the intake and the metabolism of essential and nonessential amino acids. Amino acids analyses are requested to diagnose the class of inherited disorder of metabolism called aminoacidopathies. Increased concentrations of specific amino acids in plasma and urine sample are diagnostic.(Lepage N, 2006)
 Analysis of blood plasma and urinary amino acids is required for the diagnosis and management of inherited metabolic disorders (IMDs) affecting one or more amino acids, such as phenylketonuria, tyrosinemia, citrullinemia, cystine-lysinuria, hyperglycinemia,maple syrup urine disease(MSUD) and Hartnup disease. In view of the increasing need for amino acid analysis of plasma for screening, diagnosing and monitoring of inborn errors of metabolism, there is an obvious need to establish the Age specific reference levels for Amino acids. Moreover characterization of the reference ranges of plasma amino acid is important for clinical evaluation and for interpreting results from dietary and metabolic experiments in which changes from a baseline plasma amino acids profile is expected.The amino acid values of a patient with a pediatric particular metabolic disease can be easily compared with those of the control population of the appropriate age. Establishing of reference ranges are important in neonates because many of the IMDs have clinical presentation in this period of life. This require reference ranges of healthy individuals, as this is the rational of the study. Lab data of suspected aminoacidopathy requires to be compared with healthy individuals.
The present study aims to establish the reference ranges of standard amino acids in Disease free neonatal population of northern Pakistan.
Several Analytical Methods such as Cat Ion Exchange Chromatography,
 High Performance Liquid Chromatography (HPLC) and Gas Chromatography (GC), Tandem Mass Spectrometry (T/MS) and TLC (Thin Layer Chromatography) are in use for determination of Amino acids in Body fluids. 
In this study, the reference ranges of 20 Plasma free Amino acids levels in Northern Pakistani neonatal population is determined using automated Biochrom 30+ Amino acid analyzer based on the Principle of cation exchange chromatography which provides both highly reproducible and sensitive results. This system allows automation of sample processing, injection and quantitation, hence improving the laboratory turnaround time for amino acid related disorders.
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	Table  Common Aminoacidopathies and Associated Amino Acid Elevations

	Common Aminoacidopathie
	Elevated Amino Acids

	Primary Aminoacidopathies
	

	





Arginase deficitiency
	














Arginine, glutamine

	Arginosuccinase deficiency
	Argininosuccinate, glutamine

	Citrullinemia
	Citrulline, glutamine

	Cystinuria
	Cystine, ornithine, lysine, arginine (urine only)

	Homocystinuria
	Homocystine

	Maple syrup urine disease (MSUD)
	Valine, isoleucine, leucine, alloisoleucine

	Phenylketonuria (PKU)
	Phenylalanine

	Tyrosinemia
	Tyrosine

	Secondary Aminoacidopathies
	    

	Hyperammonemia
	Glutamine

	Lactic acidosis
	Alanine

	Organic acidurias, selected
	Glycine

	Transient tyrosinemia of the newborn
	Tyrosine























CHAPTER II
LITERATURE REVIEW
Normative values for plasma and urine amino acids concentrations have been reported in  neonates, infants, older children and adults (Armstrong and Stave 1973:Brodehl and Gellisen 1968; Caballero et al.1991;Dickinson et al 1997;Fakuda et al.1984;Gregory et al .1986; Picaud et.al.2001; Szajewska et al .2001. The small sample size and different Types of nutrition(especially Enteral vs Parenteral and Diverse Hydrolysate Formulas) are limiting factors for Interpreting and comparing the Results of those studies.
Establishing “Normal” amino acids profile in Disease free Neonates & Infants would allow the identification of neonates and infants with abnormal values and to evaluate the impact of those abnormal values on important health outcomes such as; Liver function, growth and neurodevelopmental outcomes
 For the current topic of interest various Books like Inborn metabolic disease(5th edition) by Prof JM Saudubray,original and review articles were found in  online databases which includes; Google scholar. PubMed,Pak medinet. Beside that I’ve also participated in the 7th annual conference of chemical pathologist May 13   and 14 2016 which covers all the perspective of newborn screening (NBS),Challenges in inherited metabolic disorders and way forward. Preanalyticals variables affecting the amino acids assay I have literature The studies published within past 30 years were preferred with respect to our topic. The integrated search found many published works but some of them were selected for their relevance to the current study.
A study was conducted (2013) in Turkish Population Titled “Pediatrics reference intervals for plasma and urine essential amino acids in a Turkish Population. The Aim of study was to establish age and sex-specific reference intervals for essential amino acids in a healthy Turkish Pediatrics population.in this study. A total of 945 clinically healthy children (535 boys and 414 girls, ranging in age from birth to 14 years) were enrolled.Plasma and Urine amino acids concentrations were measured by High Performance Liquid Chromatography. Their study results show a concentration of essential amino acids higher in girls than in boys in the age group of 0-1 month, however there was no difference in other age groups.
Another study conducted in a Spanish Population by Jose Antonio Mendez ,Antonio L.FernandezSanmed et al, Titled “Age-related reference values for plasma amino acids gas chromatography-mass spectrometry in 2013”.They concluded that amino acids are evidently affected by sex, but they do vary with age. Such data help to provide a basis for diagnosing metabolic abnormalities.
Yi et al (Yi P, 2011).found that the boys had significantly higher levels of Gln, citrand Trpthan the girls and the girls had a significantly higher level of Ala than the boys.Liu (H., 2000). observed that the mean values of Asp,Met,Ile and Hydroxyproline in boys in boys were significantly higher in boys .Cynober et al (Cynober L, 1983).found that the plasma levels of Val,Le,Ile and Pro in patients of any age,the levels of hydroxyproline and Phe in subjects above age 45 years,and the levels of ornithine in subjects below age 45 years are higher in men,whereas the level of Thr is higher in women below age 45 years than in men of the same age. Caballero et al,found that the plasma concentrations of Val,Leu,and the Ile were significantly lower in young females than in young males.Lepago et al found significant statistical differences only Ile and for Lys when data from the 148 children were analyzed.
Amino acids measured in plasma reflect the extracellular free amino acid pool of the organism. This pool can be influenced by protein and energy intake,maturity of metabolizing enzymes and protein turnover methods. Several groups have shown that preterm infants have high rates of proteolysis, which is not influenced by the administration of glucose or intravenous amino acids (Hertz DE K. C., 1993).According to these observations, amino acids in blood and their excretion in urine were strongly related to birth weight and weight at sample collection of the preterm cohort.
Development of glomerular and tubular renal function is delayed in preterm infants and proximal tubular maturation seems to be related to gestational age rather than birth weight (Jones DP, 1992). Blood levels of methionine correlated with those of serine,ornithine,phenylalanine and tyrosine, in urine with cyastathionine.Those amino acid levels are known to be linked to liver function and maturity.Serine, the major source of one carbon units, plays_ together with folate _ an important role in methylation of homocystein to methionine. Furthermore,serine serves as precursor for both amino acids (Jones DP, 1992).
branched chain amino acids and tyrosine but not phenylalanine increased with gestational age.in blood, branched chain amino acids correlated inversely with energy intake, a phenomenon that we could already observe in patients suffering from phenylketonuria on special protein restricted diet. (Illsinger S L. T., 2005). Increased levels of branched chain amino acids are probably due to catabolism resulting in low insulin levels. Elevated Levels of tyrosine are well known in premature infants.
Immaturity of the urea cycle in liver and kidney may be responsible for changes of amino acids involved in this pathway. Arginine adhered with citrulline,ornithine and glutamine levels in plasma; ornithine results from arginine that is metabolized by the enzyme arginase in the liver, glutamine serves as “ammonia buffer” and is consequently related to the urea cycle. Arginine and citrulline have diverse function in the organism; they are key metabolites of the urea cycle eliminating ammonia.Arginine, an amino acid that is nutritionally essential for the fetus and neonates crucial for the synthesis of molecules with important regulatory function (including Creatine,nitric oxide and polyamines). As in blood urinary citrulline excretion was linked ornithine and glutamine levels .Furthermore,arginine excretion was related to the excretion of cystine and the dibasic amino acid lysine. As known in patients suffering from cystinuria,exretion of cystine,ornithine,lysine and arginine were associated with each other.
Citrulline is a non-protein amino acid synthesized from glutamine/glutamate and proline only in the intestine (De Curtis M, 2004). Apart from its role in ammonia detoxification plasma concentration of citrulline have been suggested as indicator for intestinal mass or adaptation in preterm infants (Crenn P, 2000).Many parameters,including plasma and urine amino acids,show an age-related distribution of their concentrations, However,plasma levels do not simply reflect urinary amino acid excretion.
















CHAPTER III
METHODOLOGY
3.1 Sampling Technique
In the present research, non-probability purposive sampling Technique has been used. Data were collected from NICU of CMH and MH Rawalpindi by following the above mentioned sampling technique. 
3.2 Population
MH and CMH have been selected as a population for this research work. These both hospitals provide the best possible care to their patients, known for its best service in nursing care and ethical practice.
3.3 Sample
Hundred neonates have been selected for data collection. Seventy neonates were selected as a sample from The Military Hospital Rawalpindi and remaining thirty individuals were selected as a sample from the Combined Military Hospital Rawalpindi.
Male to female ratio was 2:1
3.4 Study Site and Settings
The study was carried out at Armed Forces Institute of Pathology Rawalpindi, Pakistan.
3.5 Study Duration
The duration of this study is 6 months from Oct 2015 to Mar 2016.
3.6 Inclusion and Exclusion Criteria
 Inclusion Criteria
A Total of 100 full term clinically healthy neonates were included in the study. All neonates were in a physiological nutritional state with a positive nitrogen  balance  at the time of sample collection. All neonates included were in a stable respiratory and cardiovascular condition without any catecholamine and no insulin substitution. Neither Apgar scores nor the presence of respiratory distress in the past precluded a neonate from inclusion in the analysis.
Exclusion Criteria
Following neonates were excluded from the study:
·  neonates with neurodevelopment disorders
·  with previous family history of inborn Metabolic Disorders (IMDs),
· Any apparent physical anomalies, endocrine abnormalities, those known to have any systemic disease.
· Neonates showing failure to thrive and those recieving drugs like: paracetamol, valporate and antibiotics.
· Neonates with increased ammonia, pyruvate and lactate levels.

3.7 Sample Size
For reference ranges to establish 120 samples is usually required. For verifying the reference ranges only 20 samples from healthy individuals should be obtained. A total of 100 samples were enrolled in this Research Project. The sample size was estimated by the formula given below.
n =            N ˣ Z2 ˣP ˣ(100-P)___        
	d2 (N-1) + Z2 ˣ P ˣ (100-P)
n = Sample size 
N = size of population
Z = Level of Confidence i.e.95 % =1.96
P = Presumed prevalence in % age
D = Acceptable margin of error usually 5 %
3.8 Ethical Considerations
Institutional consent was taken from institutional ethical committee, Armed Forces Institute of Pathology (AFIP), Rawalpindi. and also from both the administration of MH and CMH Rawalpindi. Data was intended to keep confidential and strictly for academic purpose. Clinical specimens were given specific identification numbers to maintain anonymity.
3.9 Working Procedure
1. Fresh Blood samples were collected in a 0.5 ml Lithium heparin containing tube 2ml of Lithium Heparin plasma. Minimum acceptable volume is 0.2 ml (200 µl).
2. Plasma amino acids concentration was determined after deproteinization with sulphosalicylic acid(5%). Other may be used such as sodium dodecyl sulfate (0.5%) and Picric acid. Each has its own merits and demerits.
3. 100 ul of plasma and 100 ul of deproteinizing solution was mixed in 1:1,a white precipitate was formed.
4. Vortex the mixture for 30 seconds and placed it at 4 c for one hour.
5. Centrifuge the mixture of sample and Deproteinizing agent at 10000 rpm for five minutes. a clear supernatant is obtained.
6. Filter the supernatant by 0.2 micron into a GC vial.

While sample collection and transportation, the following procedure and precautions were taken into consideration:
a.  2-3 ml whole blood was collected by trained Phlebotomist into heparinized tube (Lithium heparin) .This step is very prone to hemolysis. Then the sample was transported to the laboratory along with dry ice within 15 minutes, avoided from sun exposure in this interval.

b. The sample was Centrifuge at 3500 rpm for 5 minutes and the plasma was separated into a plain tube  from cells by micropippete and ensured that the cellular buffy -coat was completely avoided.
c. The sample was Freezed at  -20 c if it could not be processed  within 4 hours.

d. EDTA blood was rejected because EDTA yields ninhydrin positive  artifacts.

e. Insufficient blood was rejected as QNS because excess Lithium heparin also have a dilutional effect thus it will results into falsely low levels of amino acids.
 
f. Grossly icteric sample was also rejected because exccess bilirubin interfere with amino acids analysis.

g. Serum was rejected.

3.10 Amino acids analysis
Next step to the sample preparation is the Amino acids analysis which is carried out by a dedicated high performance Amino acid Analyzer (Bio chrome 30+AAA UK).
In this instrument the mixture of buffer containing Lithium when loaded to the sample containing mixture of amino acids will be eluted in the cation exchange resin followed by reaction with a ninhydrin reagent(derivatizing agent),a purple and yellow complex is formed which is detected by 440 nm and 570 nm wavelength, the amino acids which contains secondary immino group like prolin and hydroxyprolin is detected by 440 nm and rest of the amino acids are detected by 570 nm wv.  cation exchange resin is negatively charged by sulphonated group(SO4) which have the affinity for the positively charged particles. post-column derivatization is done  with ninhydrin reagent for the quantitative measurement of individual amino acids. Amino acids were separated in a cation exchange resin column and eluted with a gradient of lithium loading buffers applied sequentially. There was a programmed increase in column temperature. Amino acids were identified and measured quantitatively by their retention times and the area of  the peaks. (nor- leucine, glutamine). And by comparison with a standard mixture chromatographed in parallel. We quantified 23 amino acids in plasma of disease free neonates.Fasting of at least 2 hours in infants (al.:, 2013), 4 hours in children and 8 hours in adults is required, as the nature of different diets and the time of specimen collection after food intake can have significant effects on amino acids concentrations. In interpreting the results of amino acids analysis, it is necessary to obtain a dietary history from the patients when an increase in certain amino acids does not appear to be consistent with the clinical symptoms or possible diagnosis indicated by laboratory findings.

















Chapter IV
DATA ANALYSIS AND DISCUSSION

Discriptive analysis showed most of the amino acids levels are below the reference ranges provided by the manufacturer of Biochrom company, Propably because of the malnutrion in Pakistan and also the data was collected from Low socio economic Popualtion. 
Pediatric reference intervals are often difficult to establish because of the challenges related to obtaining sufficient numbers of blood and urine samples from healthy population. We studied a group of 100 Disease free Pakistani neonates ranging in age from birth to29 days. Our data defined reference ranges for plasma standard amino acids in clinically healthy neonatal population living in northern Pakistan. medical sciences. Yi et al have established a plasma amino acids reference range for younger chines children.They have reported that 1-5 years group had higher levels of phenylalanine,valine, and isoleucine and lower levels methionine,tryptophan,and threonine compared to the 0-1 year group.(Yi P L. L., 2011)
Plasma amino acid concentrations are high during the first days of life,especially in premature neonates,but they tend to be low in infants with low birth weights for their gestational age because of placental insufficiency.(Myron JA.Burtis CA. Ashwood ER, 2006)Plasma amino acids vary by about 30% during the day;therefore, blood specimens should be collected at the same time each day. Values are the highest in midafternoon and lowest in early morning.This diurnal variation is particularly important when specimens are analyzed for detection of heterozygous states of defective metabolism (Myron JA, 2006).Amino acid excretion in urine varies with maturation of renal tubular function.



 Results:
A total hundred full term neonates (57 boys and 43 girls born at 37.4 -40.7 weeks of gestation, birth weight 2000-3000g) were consecutively included in this descriptive cross sectional study. No blood sample was collected from sick neonate undergoing a detailed metabolic work-up.
Mean, SD, median, min-max values, 5th and 95th percentile and reference ranges are shown for plasma standard amino acids in Table 1. Table 2 shows amino acid values at 10th, 50th and 90th percentiles along with reference ranges. The chromatogram of a neonate is shown figure. Concentrations of essential amino acids were higher in post feed neonates. No significant gender –related differences between values of plasma amino acids except where noted. Plasma tryptophan concentration is usually lost because of its fragile nature and the effect of the deproteinizing agent (sulfosalisylic acid).
Results:
Table showing data of amino acids of 100 neonates.
	         Plasma amino acid
	Mean ± SD
5th-95th Percentile

	Alanine

	206.05 ±116.8
7.2-370.55

	Arginine

	44.272 ±33.03
9.4-72.95

	Asparagine

	46.589±46.48
1.6-111.9

	Aspartic acid

	7.70±15.36
1-40.72

	Citruline
	17.05±12.10
1.60-42.55

	Cystine

	23.81±8.58
7.53-37.98

	Glutamic acid

	74.11±60.52
12.92-176.95

	Glutamine

	292.899±131.65
38.73-476.85

	Glycine

	181.16±84.67
68.8-347.95

	Histidine

	55.17±32.42
24.12-111.17

	Ileucine

	41.27±25.38
10.37-97.46

	Leucine
	94.40±57.12
23.22-196.85

	Lysine
	114.75±

	Methionine

	23.51±18.29
6.17-66.03

	Ornithine

	53.30±35.08
18.9-97.65

	Phenylalanine

	48.41±27.19
21.91-93.42

	Proline

	126.53±75.76
35.32-287.1

	Serine

	95.25±39.37
42.82-158.89

	Taurine

	59.86±54.99
12.44-236.6

	Threonine

	80.11±53.12
1.6-182.97

	Tryptophan

	26.78±22.61
1.028-57.66

	Tyrosine

	59.57±42.56
22.03-108.7

	Valine
	128.70±64.45
34.73-225.95


n= 100 blood samples in total. V




Table # 2
	
Amino Acids
	Percentiles
	
Reference Ranges

	
	10th 
	50th 
	90th 
	

	Alanine
	18.3000
	211.8000
	351.9000
	1.00 - 522.80

	Arginine
	14.9300
	41.1500
	68.0900
	1.60 – 281.00

	Asparagine
	8.1200
	31.1500
	88.9000
	1.00 - 310.00

	Aspartic acid
	1.1000
	3.0000
	12.1800
	1.00 - 93.50

	Citruline
	5.4500
	15.5500
	30.0000
	1.00 - 86.90

	Cystine
	13.5200
	23.9000
	34.4500
	2.80 - 45.00

	Glutamic acid
	14.2500
	51.1500
	160.9000
	1.00 - 269.40

	Glutamine
	150.1000
	290.2500
	456.7900
	1.60 - 690.00

	Glycine
	80.6000
	170.9000
	303.4500
	3.50 - 484.80

	Histidine
	29.0300
	51.0000
	88.0000
	1.60 - 269.00

	Ileucine
	13.2000
	35.5000
	72.5000
	8.30 - 123.00

	Leucine
	36.6400
	75.2000
	178.9700
	4.40 - 309.00

	Lysine
	52.8200
	106.9000
	183.8000
	14.00 - 330.00

	Methionine
	8.8600
	17.0000
	42.7900
	5.00 - 115.00

	Ornithine
	21.2500
	49.4500
	79.4500
	10.10 - 296.00

	Phenylalanine
	24.1100
	39.2000
	79.0000
	19.20 - 198.00

	Proline
	55.0100
	108.5500
	235.2600
	22.00 - 413.00

	Serine
	53.2000
	89.9500
	137.9700
	28.00 - 325.70

	Taurine
	19.2300
	38.5000
	109.0800
	5.30 - 304.90

	Threonine
	1.6000
	75.5000
	160.6000
	1.00 - 292.00

	Tryptophan
	1.6000
	24.4500
	44.9100
	1.00 - 170.00

	Tyrosine
	25.0200
	52.5000
	92.0000
	13.60 - 277.00

	Valine
	54.3200
	124.5500
	204.0000
	1.35 - 385.00
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Figure showing aminogramm of a neonate.






Limitation of the study:
There were some limitations of this study. Firstly, the sample size was very small for this age group. Secondly the dietary status of healthy controls was unknown .Some amino acids may affected by the duration of fasting and/or dietary regimens such as breastfeeding and formula feeding. Besides that pre analytical variables such as,Hemolysis, icterus and Dilutional effect of the Lithium heparin etc. were not taken into considerations.














CHAPTER V
CONCLUSION AND DISCUSSION
Conclusion
In conclusion, we became able to establish reference ranges of plasma amino acids in healthy neonates with IEC by ninhydrin postcolumn derivatization. The reference intervals derived in the present study may be useful when applied to the diagnosis and monitoring of therapy in patients with a particular metabolic disease in neonatal population.
There are some preanalystical variables that affect the plasma amino acids analysis like; Hemolysis ,Icterus,Buffy Coat Contamination and Delayed transportation.They interfere with the quantification of amino acids by the Ion exchange Chromatography.
The study results showed no difference in boys and girls in the age of 0-1 month. This phenomenon is controvercial in Turkish population which better explained by MACIT et al.in Turkish journal of medical sciences
Recommendations
The findings of present research showed that plasma amino acids is effected by nutritional and fasting status of the individual and  most importantly  by the specimen quality and the choice of technique.
. Health care provider should focus strictly on the specimen quality for this assay.
.Specimen should be transported immediately after collection along with ice pack attached avoiding from sun exposure in this interval.
.Appointment should be made prior to performing this test.
.Collaboration of Laboratory staff and Paediatrician for this assay will improve the diagnostic yield.
.Budget should be allocated from the Govt side to evaluate the nutritional status of a child born in Pakistan, thereby decreasing the Under 5 mortality.
The indication of this test should be broaden to other abnormalities related to endocrinology ,cardiovascular complications,neurological abnormalities and monitoring of Total parenteral nutrition to maximize the health outcomes of each and every citizen of this country.
Every child born in this country must be screened for congenital disorders like Phenyl ketonuria (PKU), Congenital hypothyroidism (CH) and Congenital adrenal hyperplasia(CAH) etc. This will only be possible when special budget is allocated both for the procurement of the advance analytical instrument i.e. DELFIA ,GCMS and Amino acids analyzer in the reference laboratories of Pakistan and for training of health professionals by arranging workshops on monthly basis with the help of metabolic biochemist.
 Consanguinity. Must be avoided unless the health consideration outweighs the cultural norms by increasing the awareness among masses conveying the adverse outcome of consanguinity. particular attention to be given to rural areas across the nation.This job can be done public health department and media at federal,provintial and district levels.
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Results
Pk # Name Retention Time Area ESTD concentration __Units
1 Phser 3.033 1330716 1.504 Hmol/L.
2 Taur 5.233 26040771 39.030 pmol/L
Pea 0.000 BDL pmol/L.
3 Urea 8133 16947732 765308 pmol/L.
4 Asp 15.333 4500221 4.887 pmol/L
5 Thr 20333 31404635 37.535 pmol/L
6 Ser 21.933 47446736 56.204 pmol/L.
7 Asn 25.433 5423835 9.962 pmol/L
8 Glu 27.100 23979804 27.576 pmol/L
9 Gin 29.067 209523984 255.851 pmol/L
Sarc 0.000 BDL. pmol/L.
AAAA 0.000 BDL pmol/L.
12 Gly 37.633 175832710 196.460 pmol/L.
13 Ala 39.100 78326566 95.682 pmol/L.
14 Citr 40.567 4638257 5.150 pmol/L.
15 Aaba 42267 7276222 8.926 Hmol/L.
16 Val 45.200 30988734 40.589 pmol/L.
17 Cys 48.667 13778422 14.455 pmoV/L
18 Met 51.100 6644164 7.400 pmol/L.
Cysth 0.000 BDL. pmol/L
19 lle 55.267 10598119 13.800 pmol/L
20 Leu 56.567 25786897 29,997 pmol/l.
21 Nieu 58.133 3237285 4.016 pmol/L.
22 Tyr 58.967 17841498 20.502 pmol/L.
B-ala 0.000 BDL pmol/L.
23 Phe 62.067 11502230 13.691 pmol/L.
Baiba 0.000 BDL. pmol/L
Homocys 0.000 BDL pmol/L.
Gaba. 0.000 BDL. pmol/L
Ethan 0.000 BDL pmol/L.
25 Amm 72.867 40652488 71.126 pmol/L
Hylys 0.000 BDL pmol/L.
26 Ormn 78.700 28233818 28.059 pmol/L
27 Lys 81333 29117691 32.450 pmol/L
1-Mhis 0.000 BDL pmol/L.
28 His 84.300 16227224 17.957 pmol/L.
29 Trp 85.700 8369447 13.070 pmol/L.
3-Mhis 0.000 BDL pmol/L.
Ans 0.000 BDL. pmoV/L
Car 0.000 BDL. pmol/L.
30 Arg 95.867 10626734 12.740 pmol/L.
Totals
886276940 1824.016
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