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ABSTRACT 

 
 It is suspected that the rate of metabolic disorders in Egypt is high due to the prevalence of consanguinity (40%), where newborn 
screening program is neither mandatory nor available. Aminoacidopathies are group of inborn errors of metabolism, resulting from the 
body’s inability to metabolize certain amino acid .Application of electrospray ionization-tandem mass spectrometry alters the natural 
history of these diseases by reducing morbidity and mortality,This pilot study aims to gain experience in operation of tandem mass 
spectrometry through  collection of 2000 samples of blood spots(3-7 days) from the ministry of health –Egypt, then amino acids were 
extracted from blood spot , derivatized and submitted to MS/MS. Amino acids values were calculated using Chemo View program   The 
comparisons between our results and previous studies indicated that our results were normal amino acids, so the prevalence was (0/2000), 
the  Accuracy and precision of the method was evaluated by spiking normal human blood with a mix of 8 amino acids. The calibration 
curves were linear over a range 50-2000 umol/l, recovery was between (87-118%)   and precision (CV 2-11.4%). This study may consider 
a step to introduce MS/MS technology for newborn screening program in Egypt.  
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INTRODUCTION 
 
 Inborn errors of metabolism (IEMs) are rare 
types of genetic disorders that cause irreversible 
mental and/or physical disability or death in affected 
children. Early diagnosis of IEMs can dramatically 
reduce the risk of death and can prevent long-term 
neurological complications. IEMs are common in 
Egypt, presumably due to the widespread tradition of 
consanguineous marriages (40%) [31]. 
 Aminoacidopathies are a group of inborn errors 
of metabolism, autosomal recessive inherited 
disorders and caused by the body’s inability to 
breakdown or metabolize certain amino acids in 
proteins, or by the inability to detoxify the by-
product of amino acids (ammonia) through the urea 
cycle. The presentation of the various 
aminoacidopathies varies from no obvious clinical 
symptoms for months to acute encephalopathy   
within days following birth. Treatment may be based 
on dietary restrictions and/or supplementation with 
cofactors [21]. 
 Phenylketonuria (PKU) is an autosomal 
recessive metabolic genetic disorder,   caused by  a 
deficiency of phenylalanine hydroxylase (PAH), 
which is necessary to metabolize  phenylalanine to 
tyrosine. PAH deficiency causes a spectrum of 

disorders, including classic phenylketonuria and 
hyperphenylalaninemia. High phenylalanine levels 
produce severe mental retardation, white matter 
disease, Hyperactivity and hypopigmentation. Diet 
for life has become the standard recommended by 
most experts for treatment. The diet requires severely 
restricting or eliminating foods high in Phenylaline. 
Also, PKU patients must be supplemented with 
Tyrosine to account for Phenylalanine Hydroxylase 
deficiency. The oral administration of 
tetrahydrobiopterin (or BH4) can reduce blood levels 
of Phe in certain patients (BH4-responsive PKU 
patients) [2,18]. 
 Maple Syrup Urine Disease (MSUD) is caused 
by a deficiency in the ability to decarboxylate 
branched-chain amino acids. This enzyme activity 
resides in the branched-chain a-ketoacid 
dehydrogenase complex in the mitochondrial 
membrane, which lead to increase of plasma 
branched-chain amino acids (leucine, isoleucine, and 
valine). The most common form of MSUD is 
classical form presents with overwhelming 
symptoms in the first days of life; Other less acute 
presentations have been reported, including an 
intermittent form and a milder, more chronic 
intermediate form with less severe acidosis. 
Restriction of protein intake is usually a life-long 
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requirement. Some patients (thiamine responsive 
MSUD) respond to supplementation of high-dose 
thiamine supplementation, a cofactor of the enzyme 
complex [24]. 
 The finding of elevated methionine in a dried 
blood spot upon newborn screening suggests one of 
two metabolic defects: 1) Homocystinuria due to 
cystathionine β-synthase (CBS) deficiency or 2) 
hepatic methionine adenosyltransferase deficiency. 
The most likely defect is a deficiency of CBS. An 
early and distinctive finding is dislocation of the lens 
of the eye. Patients are at high risk for developing 
thromboembolism. Treatment usually begins with a 
trial of oral vitamin B6 (pyridoxine) supplementation 
and dietary restriction of methionine in conjunction 
with cystine supplementation reverses the 
biochemical abnormalities to some extent. In an 
attempt to decrease homocysteine levels, folic acid, 
and betaine can be supplemented [20]. 
 The genetic tyrosinemias are inherited in an 
autosomal recessive manner and are characterized by 
the accumulation of tyrosine in body fluids and 
tissues The most severe form of tyrosinemia ,is Type 
I,  that causes liver failure, painful neurologic crises, 
rickets, and hepatocarcinoma. This disorder is caused 
by a deficiency of fumarylacetoacetate hydrolase 
(FAH). Oculocutaneous tyrosinemia, type II, is 
caused by a deficiency of tyrosine aminotransferase 
(TAT). Plasma values of tyrosine are perhaps highest 
in this particular form of tyrosinemia. Unlike 
tyrosinemia, type I, there is no associated liver 
damage. A low-protein diet and the use of a special 
formula that is free of phenylalanine and tyrosine are 
effective in lowering the plasma level of tyrosine and 
Tyrosinemia Type III is an extremely rare disorder 
caused by a deficiency of 4-hydroxyphenylpyruvic 
dioxygenase (4-HPPD) [28]. 
 There are six disorders of the urea cycle. 
Argininemia is a rare urea cycle defect caused by 
deficiency of arginase in liver and erythrocytes. The 
degree of hyperammonemia is usually less severe 
than in other urea cycle disorders. Dietary restriction 
of protein is the basic treatment, with supporting 
therapy to prevent and control the hyperammonemia. 
Elevation of citrulline in a newborn screen dried 
blood spot resulting from argininosuccinic acid 
synthetase deficiency, symptoms develop in 
association with worsening hyperammonemia [1]. 
 The technique of tandem mass spectrometric 
(MS/MS) analysis of dried blood spots was first 
Proposed for newborn screening in 1990 by 
Millington et al., it is considered the most important 
advancements in neonatal screening since the 
introduction of bacterial inhibition assay for 
phenylketonuria by Dr. R. Guthrie, this technique 
permits the detection and quantification of many 
IEMs in a single blood spot for most fatty acid 
oxidation, amino acids, organic acid and urea cycle 
disorders. MS/MS comprises five basic components; 
an ion source, mass analyzer (MS1), a collision 

chamber, a second mass analyzer (MS2) and 
detector. . The sample is sorted and weigh in the first 
mass spectrometer, then broken into pieces in the 
collision cell, the pieces are sorted and weighed in 
the second mass [6,12,19]. 
 Our aim in this study to gain experience in 
operation of tandem mass spectrometry through 
screening of 2000 samples of blood spot collected 
from the ministry of health –Egypt. 
 
Material and Method 
 
Material: 
 
 Solvents were high –purity grade, HPLC- water, 
methanol, acetonitrile and formic acid 88% were 
purchased from fischer scientific (Fair Lawn, New 
Jersey, USA), the esterifying agent 3N Hcl in n- 
butanol from Regis (Morton Grove, IL, USA), 
unlabeled amino acids were obtained from Sigma 
company except L-citrulline from Calbiochem 
company and isotopically labeled internal standards 
of amino acids   (set A) were obtained from 
cambridge isotope laboratories, Inc. (Andover, MA, 
USA). 
 
Blood Sample Collection and Instrument: 
 
 A total of 2000 blood samples were collected 
from the Central Labs of Ministry of Health, Cairo, 
Egypt. The blood samples were taken by heel prick 
of newborns; their age was   (3-7 days) and spotted 
on three marked circles on barcoded guthire cards 
(Whatman Grade 903), left to dry at room temp. for 
at least 24h. 
 The blood samples were analyzed for amino 
acids by triple quadrupole mass spectrometer API 
2000 (PE Sciex Applied Biosystems, Foster City, 
CA, USA) including autosampler (Perkin Elmer, 
model series 200) and micro-pump (Perkin Elmer, 
model series 200) for automated sample introduction 
and solvent delivery. All results were acquired with 
the Analyst version 1.4.1 software (PE Sciex Applied 
Biosystems).  
 The concentrations of amino acids were 
automatically calculated according to the assigned 
values of the internal standards using Chemo View 
1.4 software. 
 
Method: 
 
 All experimentals lab were done in Biochemical 
Genetics Lab, Pediatric Department at University of 
California San Diego. Samples were prepared as 
described previously [9,13]. 
 A single 3-mm disk was punched in the center of 
the dried blood spot and placed in polypropylene 
eppendorff tube (1.5 ml); the extraction was carried 
out with 100ul methanol containing known 
concentrations of isotopically labeled internal 
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standards of diagnostic amino acid. The 
concentrations of the deuterium labeled working 
internal standards per liter of methanol were as 
follows: 5 μmol/L ([2H3]-Leu); [2H3]-phenylalanine 
([2H6]-Phe) ; [2H3]-methionine ([2H3]-Met); [2H4]-
tyrosine ([2H4]-Tyr); [2H6]-ornithine ([2H6]-Orn); 
[2H2]- citrulline ([2H2]-L-Cit); [2H4]-[13C1]-
arginine ([2H4]-[13C1]-LArg) and 25 μmol/L for 
15N2 glycine (15N2Gly). After 30 min at room 
temp. the solvent was transferred to the auto sampler 
vials and  gently evaporated by stream of nitrogen 
and the residue was derivatized with 60 μl of 
butanolic HCl and heated at 65°C for 20 min. The 
excess of butanolic Hcl was evaporated by stream of 
nitrogen and the residue was reconstituted in 100ul 
of mobile phase water: acetonitrile: formic acid 
(50:50: 0.025)  
 
LC-MS/MS Analysis: 
 
 Two scan modes were used, the neutral loss scan 
NL (m/z 102) for α- amino acids and multiple 
reaction monitoring (MRM) for glycine, citrulline 
and arginine. 
- Determination of parent and daughter ions was 
carried out by using working solution of amino acids 
100umol/l prepared as butyl ester as described 
previously, and directly injected into mass 
spectrometer with the aid of a Harvard syringe pump 

at the rate 10ul/min. Parent ion was produced by 
focusing MS1 on the molecular mass (M+H) + for 
butyl ester of each amino acid and daughter ion was 
produced by focusing MS2 on (M+H-102)+ for NL 
scan mode and specific transition states for MRM. 
The values of ion source and voltages of Q1, Q2 and 
Q3 left at default values, the daughter ion scan was 
confirmed with the same all default values except for 
FP which changed to 200 and the collision cell exit 
potential changed to 15. 
- The compound quantitative optimization of mass 
spectrometer and ion source parameters was done 
automatically by the Analyst software. Glycine, 
arginine and citrulline were optimized together with 
their internal standards in a separate experiment as 
they were run in multiple reaction monitoring 
(MRM) mode but others amino acids were run in the 
neutral loss mode.  
 A 25ul of sample was injected into isocratic 
mobile phase with flow rate 100ul/min.High purity 
nitrogen was used as collision gas at pressure of 80 
psi. The total run time was 2.5 min .the autosampler 
and injected port were washed once between 
injections with 50% methanol, the minimum and 
maximum pressure of pump were 0 and 6100 psi 
respectively. 
- Quantitation of amino acids was done automatically 
by using Chemo View software; using the following 
equation: 

 
 
C (AA) = 
 

RA 
RST 

 
* CISSS * 
 

Vss 
VBS * RRF 

 
C (AA) = Concentration of Amino Acids 
RA = Response of analyte in cps  
RST = Response of internal standard in cps 
CISSS = Concentrations of internal standard stock 
solution in μmol/L 
Vss = Volume of internal added to the sample in μL 
VBS = Volume of blood in the dried blood spot in 
μL 
RRF = Relative Response Factor 
Determination of Relative Response Factor: 
 Relative Response Factor was done by using 
solution of standard amino acids and their internal 
standards with concentration of 5µmol/L except 
15N-2-13C-glycine had 25 μmol/L and then 
derivatized of the net solution as butylester. 
 The peak height of each internal standard and 
each analyte were determined.  Sample was prepared 
in triplicate and injected twice. The Relative 
Response Factor (RRF) was calculated by a 
following equation [6]. 
    
RFF = (Ac x Cis)/ (Ais x Cc)   
where:                                                                                                               
 RRF =   Relative Response Factor                                                                                             
Ac = Area /height of the target analyte  

Ais = Area/height of the corresponding internal 
standard  
Cis = Concentration of the corresponding internal 
standard   
Cc = Concentration of the target analyte. 
 
Method Validation: 
 
 The selected analytical method was validated in 
terms of linearity, recovery and repeatability 
(intraday and interday precision).  
 Human blood sample supplemented with known 
concentrations of 8 amino acids, which simulate 
normal and abnormal sick samples, were prepared. 
Blood samples containing 100, 250, 500, 1000 and 
2000 μmol/L for glycine , valine , leucine and 
alanine, but 50,100, 250, 500, 1000 and 2000 μmol/L 
for phenylalanine, citrullline, methionine and 
tyrosine.  Accurately pipetted 75 μL onto filter paper, 
and then leave it to dry over night at room 
temperature. Each concentration is prepared three 
times and injected twice.  
 The recoveries of AA were determined by 
measuring the added amounts experimentally and 
quantifying the results from the standard curves. The 
percent recovery was calculated as (measured 
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concentration – endogenous concentration) X 100 / 
added concentration [7,15]. 
 Precision of the assay was calculated by repeat 
analysis of the same blood sample and was estimated 
as the coefficient of variation (CV %) of the replicate 
measurements, both intraday and interday. For the 
intra day variation, the same blood sample from 
Egyptian neonates was prepared and analyzed six 
times on the same day. 
 For the inter day variation, the same blood 
sample was prepared and analyzed six times in 
consecutive days. Each day three samples were 
prepared and analyzed in duplicates. The mean, SD 
and CV were calculated as well [14]. 
 
Result and Discussion 
 
 Tandem mass spectrometry (MS/MS) has 
rapidly gained world-wide support as the method of 
choice for screening of newborn metabolic disorders, 
including the analysis of amino acids. (MS/MS) 

enables the detection of more than 20 IMDs with 
high degree of specificity and sensitivity in single 
run also permits analysis of a large number of 
samples in few hours ( high sample throughput). 
 In the Arabic region, with the exception of the 
Kingdom of Saudi Arabia, the use of tandem mass in 
metabolic screening programs is at development 
stage. Presumably, this may be attributed to the high 
costs of equipment and consumables and lack of 
technical expertise. The high frequencies of 
metabolic disorders have been reported in Arabic 
population due to high consanguinity (25–70%) and 
a high percentage of first-cousin marriages [26]. 
Whereas, the rate of consanguinity in Egypt was 40% 
[31]. This study was composed of 2000 neonates 
guthire cards (1300 females (65%) and 700 males 
(35%)) with mean age 5 days. 
 The fragmentation of protonated molecular ion 
(M+H) + of phenylalanine which is presented as an 
example of the amino acid with a neutral loss of 102 
is shown in Figs. (1, 2).   

 
 
Fig. 1: Ion signal of protonated mass [M+H]+ of phenylalanine (221.9 Da). 
 
 Several studies showed that ionization of α-AAs 
was enhanced by esterification of free carboxylic 
acid groups. This reaction introduces a butyl ester at 
each carboxylic acid functional group, upon exposure 
to CID, and then butylformate (102 Da) was lost. 

 A loss of the element of butyl formate 102Da 
was demonstrated by the presence of the product ion 
of phenylalanine at 120, this process involves the 
transfer of a proton to generate a resonance – 
stabilized carbonium ion [5-7]. 

 

 
Fig. 2: Product ion scan of butylated phenylalanine. 
 
 According to our method, basic amino acids and 
glycine are scanned in MRM mode, which it is 
designed for obtaining the maximum sensitivity for 

detection of target compounds. Because it allows for 
certain transition (parent and daughter ions) to be 
detect [4,6], as shown in Figs (3, 4) for citrulline. 
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Fig. 3: Ion signal of parent ion [M+H]+ of butylated  citrulline. 

 
Fig. 4: Product ion scan of citrulline. 
 
 The following tables illustrated the optimal values for ions source and mass spectrometer parameters for 
MRM and NL-experiments. 
 
Table 1: The optimization values of ion source parameters for the MRM and NL-experiment. 

Ion source parameter MRM –Experiment NL-Experiment 
CUR 20.00 40.00 
GS1 50.00 50.00 
GS2 40.00 70.00 
IS 5500.0 V 5500.0 V 

CAD 5.000 3.000 
 
Table 2: The optimization values of compound dependent parameters for the MRM-experiment. 

Amino acids (Q1/Q3) DP FP EP CEP CE CXP 
Gly (131.9/75.9) 31.00 360.00 9.50 11.82 8.00 2.00 
Arg (230.8/70) 1.00 290.00 4.00 14.29 35.00 0.00 
Cit (232/113) 1.00 320.00 2.50 14.00 27.00 2.00 
Gly* (134/78) 26.00 350.00 7.50 11.87 8.00 2.00 

Arg* (235.7/75.1) 21.00 350.00 6.500 14.42 40.00 2.00 
Cit* (234/115) 1.00 360.00 2.50 14.37 27.00 2.00 

 
Table 3: The optimization values of compound dependent parameters for the NL-experiment. 

Q1 Scan DP FP EP CEP CE CXP 
130.00-280.00 21.00 350.00 6.00 11.77 23.00 2.00 

 
 Total ion current of blood sample represents the 
summed intensity across the entire range of masses 
being detected at every point in the analysis [22], as 
seen in Fig (5). 
 Figure 6A and 6B showed amino acids profiles 
obtained by the neutral loss of 102 Da and MRM 
from neonatal screening card. 
 The tandem mass spectrometer is set up such 
that MS1 and MS2 are synchronized to scan the mass 

range (m/z 130-280) with a constant 102 Da 
difference. Although, the product ion is what is 
actually detected but the mass of the parent ion is 
shown on the mass spectra [4]. Without 
chromatographic separation, the two isomeric amino 
acids (Leucine and Iso-leucine), can not be quantify 
separately, because they have the same mass of 
parent and daughter ions [24]. 
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Fig. 5: Total ion current of blood sample. 
 
 MRM is useful in choosing a limited set of 
amino acids by selecting their specific mass values 
and fragment ions [3].  
 According to our knowledge the first Egyptian 
reference intervals for NBS from dried blood spots 
by MS/MS and the first database registry for inborn 
errors of metabolism (IEM) as a project in Egypt 
were done in 2009 by Fayza et al, they screened 

16000 Egyptians neonates and 550 patients 
presenting to the neurometabolic clinic. From the 
16000 screened neonates, 5 cases with abnormal 
aminoacidopathies approximately (1/3200): Four 
PKU (1/4000); 1case MSUD (1/16000) [11].  
 The values obtained in the present study from 
2000 neonates are present in table (4).  

 
AA Mean SD Median Max Min 
Gly 7.73E+01 25.49497 6.90E+01 1.43E+02 4.11E+01 
Citr 7.07E+00 2.149553 6.51E+00 2.54E+01 3.72E+00 
Ala 3.20E+02 74.05277 3.20E+02 5.06E+02 1.32E+02 
Val 1.64E+02 41.82092 1.52E+02 2.87E+02 9.23E+01 
Leu 1.53E+02 39.66451 1.44E+02 2.88E+02 8.04E+01 

Meth 1.33E+01 4.583807 1.27E+01 2.57E+01 4.73E+00 
Phe 4.62E+01 13.16143 4.54E+01 1.08E+02 2.71E+01 
Tyr 1.17E+02 37.71886 1.13E+02 2.38E+02 5.15E+01 
Arg 1.52E+01 4.992351 1.43E+01 3.33E+01 5.65E+00 

 

 
 
Fig. 6A: MS/MS amino acid profiles from neonatal screening card using neutral loss scan mode. 
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Fig. 6B: MS/MS amino acid profiles from neonatal screening card using MRM scan mode.  
 
 Our results indicated that the values of AAs are 
within normal range in all samples according to 
results of Fayza et al, [11], also our result were very 
similar to those reported by Sander et al, [27] and 
partial agreement with Rashed et al., [25] and 
McHugh et al., [17].  
 The prevalence of aminoacidopathies in our 
study was (0/2000), which agreement with the results 
of Fayza et al., [11] in Egypt (1/3200), Lindner et al, 
[16] in Qatar (1/3602) and Zytkovicz et al., [32] in 
New England (1/3809). However our prevalence was 
less than that reported by Rashed and coworkers, 
[25] in Saudia Arabia (1/740). This may be due to the 
higher rate of consanguinity among the Saudi 
population (56%) [10] as compared to that of Egypt.  
 While, Naylor and Chace identified 86 babies 
with amino acid disorder out of 700.000 babies with 
prevalence (1/8139) [21] and Shigematsu et al., 
identified 13 positive cases out of 102,200 neonates 
studied with prevalence 1/7861 in Japan [30]. This 
can be explained by the ethnic differences between 
populations studied.   
 
Method Validation: 
 
 The ICH defines the linearity of an analytical 
procedure as the ability (within a given range) to 
obtain test results of variable data which are directly 

proportional to the concentration (amount of analyte) 
in the sample [8]. 
 Calibration curves constructed by plotting the 
ion signals corresponding to each amino acid and its 
respective deuterium-labeled internal standard 
against the concentration of spiked amino acid (from 
50 to 2000umol/l) were linear, with the 
determination coefficient higher than 0.98 and  the 
recoveries of AA were determined by measuring the 
added amounts experimentally and quantifying the 
results from the standard curves after subtracting the 
endogenous signals (base line sample), which ranged 
from 90%-111% for  normal concentrations and 
87%-103% for abnormal concentrations. (table 5). 
 The precision of an analytical procedure 
expresses the closeness of agreement between a 
series of measurements obtained from multiple 
samples of the same homogeneous sample under 
prescribed conditions [8]. 
 As shown in tables (6 and 7), the interday 
precision for several amino acids are somewhat 
better than the intraday precision, and this is possibly 
due to a slight contamination of the instrument in 
long series of experiments within a single day. The 
CV% of intraday precision ranged from 5% for 
citrulline to 10.10% for methionine, and the interday 
precision from 2% for valine to 11.4% for 
methionine, the overall intraday and interday 
precisions of the assay were 8 and 6%, respectively. 
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Table 5: Linearity equation and Recovery of eight amino acids spiked with interesting concentration range.  
AA 

Linearity equation R2 values 
% Recovery 

 Normal Conc. (μmol/L) Pathological Conc. (μmol/L) 
Gly Y=0.00176+0.000021X 0.991 109.5 (100) 87.9 (1000) 
Citr Y=0.00591+0.000139X 0.999 106.9(50) 102.8(1000) 
Ala Y=0.0695+0.000443X 0.999 111.73(100) 100.62(2000) 
Val Y=0.0121+0.000202X 0.996 110.39(100) 102.87(500) 
Leu Y=0.0269+0.000431X 0.998 108.37(100) 101.86(2000) 
Meth Y=0.00712+0.00021X 0.999 91.23(50) 104.8(250) 
Phe Y=0.00759+0.000248X 0.998 118.62(50) 86.62(500) 
Tyr Y=0.0119+0.000215X 0.999 90.32(100) 98.55(1000) 

•  Y= (Peak heights of AA / Peak heights of ISTD)-base.  X= concentration of amino acids (μmol/L). 
   
Table 6: Calculated means, standard deviation and coefficient of variation values of intra-day variation. 

Amino Acid (AA) Mean CAA SD* % CV* 
L-Glycine 81.08 6.36 7.85 

L-Citrulline 25.34 1.26 5 
L-Leucine 102.17 9.56 9.35 

L-Methionine 21.32 2.15 10.10 
L-Phenylalanine 55.06 3.47 6.31 

L-Tyrosine 144.78 11.86 8.19 
L-Valine 213.22 10.5 5.3 

L- Alanine 192 21.4 11.1 
 
Table 7: Calculated means, standard deviation and coefficient of variation values of inter-day variation. 

 Amino Acid (AA) Mean CAA SD* % CV* 
L-Glycine 79.88 4.24 5.3 

L-Citrulline 27.67 3.6 11.05 
L-Leucine 102.97 5.06 4.91 

L-Methionine 18.85 2.15 11.43 
L-Phenylalanine 56.38 2.77 4.9 

L-Tyrosine 140.42 5.53 3.94 
L-Valine 214.5 4.13 2 

L- Alanine 198.99 9.29 4.67 
 
Conclusion: 
 
 Tandem mass spectrometry can significantly 
contribute to a newborn screening program as a fast 
and highly specific diagnostic technique for 
screening of a broad range of inborn metabolic 
disorders, including amino acids disorders and the 
utility of this technology is highly recommended in 
Egypt. 
 Also, the values obtained in the present study 
from 2000 neonates were normal ranges.  However, 
the results indicated that the prevalence of 
aminoacidopathies in this study was (0/2000). 
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