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Ce nu este cunoscut, deocamdata, la subiectul
abordat

La moment nu se cunoaste profilul aminoacizilor plas-
matici la pacientii cu erori Inndscute de metabolism (EIM)
din Moldova; gradul de necesitate a analizei aminoacizilor
la pacientii suspecti pentru EIM; rolul biomarkerilor din
spectrul aminoacizilor in diagnosticul si diferentierea di-
feritor grupe de EIM.

Ipoteza de cercetare

Valorile aminoacizilor sunt anormale la pacientii sus-
pecti pentru erori inndscute de metabolism in special cele
de tip intoxicatie.

Noutatea adusa literaturii stiintifice din domeniu

Analiza fluidelor biologice de la pacientii suspecti din
Moldova prin mai multe metode analitice utilizate in me-
tabolomica oferd posibilitatea de a evalua eficacitatea si

\\complementaritatea acestora in diagnosticul EIM. )
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Short title: Plasma amino acid profiling in the diag-
nosis of inborn errors of metabolism

What is not known yet, about the topic?

At the moment it is not known: amino acid profile
of patients with inborn errors of metabolism (IEM)
from Moldova; necessity degree of amino acid analysis
in suspected for IEM patients; the role of amino acid
biomarkers in the diagnosis and differentiation of IEM
groups.

Research hypothesis

Amino acids levels are abnormal in patient suspected
for an IEM, especially for one of intoxication type.

Article’s added novelty on this scientific topic

Analysis of biological fluids from suspected Moldavian
patients through more analytical methods used in metab-
olomics offers the possibility of appreciating their efficien-
cy and complementarity in the diagnosis of [IEM.
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Rezumat

Introducere. Erorile inndscute de metabolism (EIM)
alcatuiesc un grup larg de tulburari cauzate de un defect
genetic al proteinelor care au rol enzimatic, de transport,
receptor sau structural. Incidenta cumulativa a EIM in di-
ferite populatii este in jur de 1:500 — 800 nou-nascuti. Re-
cunoasterea si interventia timpurie sunt esentiale pentru a
evita consecintele dezastruoase asociate cu EIM. Fenotipul
pacientilor cu EIM este foarte eterogen si numai in combi-
natie cu teste metabolice specializate poate conduce spre
un diagnostic corect. Scopul studiului a fost definit ca eva-
luarea importantei profilului aminoacizilor plasmatici in
diagnosticul EIM.

Material si metode. Cuantificare aminoacizilor, prin
cromatografie lichida de inaltd performanta la analizato-
rul Shimadzu LC-20 cu derivatizare post-coloana cu OPA,
a fost realizata in plasma a 15 pacienti cu varste cuprinse
intre 0-13 ani, selectati in urma consultului genetic in baza
criteriilor de includere si excludere. Parintii tuturor copiilor
au semnat consimtamantul in urma informarii detaliate cu
privire la studiu. Suplimentar au fost realizate teste comple-
mentare cum ar fi cromatografie lichida cuplata cu spectro-
scopie de masa In pete de sange uscate si spectroscopie prin
rezonanta magnetica nucleara in urina.

Rezultate. Investigatiile de prima linie au aratat de-
zechilibru acido - bazic (33,3%), hipoglicemie (46,6%),
valori crescute ale acidului lactic (46,6%) si amoniacului
(20%). Au fost identificate valori anormale ale concentra-
tiei aminoacizilor in plasma a 4 copii (27%). Valori ma-
rite ale glicinei (544 pumol/L, valori de referinta 70,72 -
256,36 pmol/L), de rand cu raportul crescut al glicinei in
lichid cefalorahidian / plasma (0,147, normal < 0.02) au
fost identificate in cazul unui pacient cu convulsii, coma
si arest respirator, facandu-se suspect pentru Hipergli-
cinemie Noncetotica. Nivel crescut de fenilalanina (Phe
1568umol/L, valori de referinta 26.52 - 221 pmol/L) a
fost identificat la un pacient suspect pentru Fenilcetonurie
in urma rezultatelor screening-ului neonatal (Phe > 3mg/
dL). La fel, valoarea raportului dintre aminoacizii Phe si
tirozina (Tyr) in jur de 17 este specific pentru forma cla-
sica a Fenilcetonuriei. Concentratii crescute de alanina (>
450 pmol/L) au fost observate in cazul a 2 pacienti pre-
zentand acidoze metabolice severe si valori ridicate ale
acidului lactic fiind sugerata o eroare metabolica cu impli-
care mitocondriala. Rezultatele screening-ului metabolic
neonatal extins si spectroscopiei RMN au ingustat spectrul
suspiciunilor, facilitand astfel diagnosticul. in toate cazuri-
le cu profil anormal al aminoacizilor in plasma se necesita
aplicarea testelor genetice confirmatorii.

Concluzii. Analiza cantitativa a aminoacizilor este un
instrument important pentru diagnosticul EIM de , tip into-
xicatie” si monitorizarea nutritionald a persoanelor cu dia-
gnostic deja stabilit.

Cuvinte cheie: Aminoacizi, cromatografie lichida, erori
inndscute de metabolism

Abstract

Introduction. Inborn errors of metabolism (IEM) make
up a large group of disorders caused by an inherited defect
of proteins that have enzymatic, carrier, receptor or struc-
tural roles. The cumulative prevalence of IEM in different
populations is around 1:500 - 800 newborns, despite the
fact that some of these disorders are extremely rare when
taken individually. Early recognition and intervention are
essential to avoiding disastrous consequences associated
with IEM. The phenotype of IEM patients is very heteroge-
neous and only in combination with specialized metabolic
test it can lead to a correct diagnosis. The aim of the study
was defined as evaluation of importance of plasma amino
acid profile in the diagnosis of IEM.

Material and methods. Plasma amino acids quantifi-
cation have been performed by high performance liquid
chromatography on Shimadzu LC-20 with post column
derivatization with OPA in 15 patients aged from 0 to 13
years old, selected through medical genetic counseling,
based on inclusion and exclusion criteria. Inform consent
has been signed by parents after receiving all necessary
information regarding the study. Additionally, liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) on
dried blood spots and Nuclear Magnetic Resonance Spec-
troscopy (H1-NMR) on urine has been done as comple-
mentary tests.

Results. The first line investigations showed acid-base
imbalance (33,3%), hypoglycemia (46,6%), high lactate
level (46,6%) and high ammonia level (20%). Plasma ami-
no acid concentrations were abnormal in 4 patients (27%).
Increased glycine (544 pmol/L, reference values 70,72 -
256,36 pmol/L), along with elevated glycine in cerebrospi-
nal fluid (CSF) / plasma ratio (0,147, normal < 0.02) was
detected in a patient with seizures, coma, and respiratory
arrest indicating non-ketotic hyperglycinemia. High level
of phenylalanine (Phe 1568umol/L, reference values 26.52
- 221 pmol/L) has been identified in a patient suspected
for Phenylketonuria after neonatal screening results (Phe
> 3mg/dL). Also the ratio Phe / Tyr around 17 was spe-
cifically appreciated as for classical form of PKU. High al-
anine concentration (> 450 pmol/L) has been observed
in two patients presenting severe metabolic acidosis and
high lactate level, suggesting for a metabolic error with
mitochondrial involvement. The results from extended
newborn screening and NMR spectroscopy narrowed the
spectrum of suspected diseases, facilitating the diagnosis.
Molecular genetic tests are required for the confirmation
of disease in all cases.

Conclusions. Quantitative amino acids analysis is an im-
portant tool for the diagnosis of “intoxication type” of I[EMs
and nutritional monitoring of individuals with already es-
tablished diagnosis.

Key words: Amino acids, liquid chromatography, inborn
errors of metabolism.
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Introducere

Erorile innascute de metabolism (EIM) formeaza un
grup de patologii rezultate dintr-un defect genetic in functi-
onarea unei cai metabolice intermediare la nivel de enzima,
transport membranar sau alte proteine, ducand la acumu-
larea toxica de substrat si / sau deficienta unui produs bio-
logic important [1]. Au fost descrise mai mult de 1000 EIM
[2]. Unele dintre aceste tulburari sunt extrem de rare luate
individual, insa incidenta cumulativa constituie in jur de
1:500-800 nou-nascuti in diferite populatii [3-6]. Majorita-
tea EIM sunt cu transmitere autosomal recesiva. O minorita-
te dintre aceste patologii se transmite autosomal dominant,
X-linkat sau mitocondrial pe linie maternd, in subseturile de
tulburari ale lantului respirator [7, 8].

Cele mai multe EIM de tip intoxicatie sunt potential tra-
tabile, iar masurile de diagnostic si terapeutice intreprinse
cat mai curand posibil sunt esentiale pentru sanatatea pe
termen lung ai subiectilor afectati [9]. Diagnosticul EIM se
stabileste in baza evaluarii manifestarilor clinice ale paci-
entilor si work-upului metabolic, care include teste spe-
cializate cum ar fi profilul aminoacizilor in sange si uring,
profilul acilcarnitinic, acizii organici urinari si teste analitice
specifice pentru a identifica niveluri anormal de ridicate si
/ sau scazute de metaboliti cauzate de blocarea enzimatica
a cailor metabolice [10]. Analiza cantitativa a aminoacizilor
este un instrument important pentru diagnosticul EIM de
tip intoxicatie: aminoacidopatii, tulburari ale ciclului ureei,
unele acidurii organice, precum si ofera indici pentru pato-
logii cu implicare mitocondriala.

in acest context, scopul acestui studiu a fost definit ca
evaluarea importantei profilului aminoacizilor plasmatici
in diagnosticul EIM. Odata ce diagnosticul este stabilit, sunt
urmariti biomarkeri specifici din spectrul aminoacizilor
pentru a monitoriza managementul clinic al pacientului.

Materiale si metode

Acest studiu prospectiv analitic a fost realizat in cadrul
proiectului ,Medicina genomica si cercetarea metabolomica
in serviciul profilaxiei maladiilor genetice pentru generatii
sanatoase in Republica Moldova” (Acronim: SCREENGEN,
cifrul: 20.80009.8007.22) in Institutul Mamei si Copilului.
Protocolul de cercetare a fost aprobat de catre Comitetul de.
Etica a Cercetdrii al USMF ,Nicolae Testemitanu” din Mol-
dova (proces verbal nr. 2 din 15.12.2020, semnat de catre
presedintele comitetului - profesor Victor Vovc)

Au fost supusi analizei cromatografice a aminoacizilor
15 copii cu varsta cuprinsa intre 0 - 13 ani, ai caror parinti
au semnat acordul informat in urma informarii detaliate cu
privire la studiu. Pacientii au fost alesi in urma consultului
genetic in baza manifestdrilor clinice specifice pentru EIM
de tip intoxicatie. Prin urmare, in studiu a fost inclus orice
nou-ndscut sau copil fara particularitati ale sarcinii si nas-
terii in anamnestic, dar care prezinta deteriorare brusca
si progresiva a starii de sandtate asociata cu dezechilibru
acido-bazic, hipoglicemie, letargie, comd, vome, hiperamo-
niemie, intarzieri In dezvoltare, dereglarea inexplicata a
functiei hepatice, semne cardiace (aritmie, cardiomiopatie,
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Introduction

Inborn errors of metabolism (IEM) are a phenotypically
and genetically heterogeneous group of disorders, caused
by mutations in specific genes that encode enzymes, mem-
brane transporters, and other functional proteins that pro-
duce a block on a metabolic pathway, leading to the toxic
accumulation of substrate and / or a deficiency of an im-
portant biological product [1]. More than 1000 IEM have
been described [2]. The cumulative prevalence of IEM in
different populations is around 1:500-800 newborns [3-5],
despite the fact that some of these disorders are extremely
rare when taken individually [6]. Most of IEM are inherited
in an autosomal recessive way. A minority of them is trans-
mitted as autosomal dominant, X-linked or by mitochondri-
al DNA only of maternal origin, as in subsets of respiratory
chain disorders [7, 8].

Most of the "intoxication type” of the IEM are potentially
treatable and appropriate diagnosis and therapeutic mea-
sures must be initiated as soon as possible to avoid long-
term damage [9]. The diagnosis of IEMs is based on evalua-
tion of clinical manifestations of the patient and metabolic
workup including specialized analyses as blood and urine
amino acids, blood spot acylcarnitine profile, urine organic
acids, and specific analytical tests, in order to identify ab-
normally high and / or low levels of metabolites caused by
the enzymatic blockage of a metabolic pathways [10]. Quan-
titative amino acids analysis is an important tool for the di-
agnosis of “intoxication type” of IEM as: aminoacidopathies,
urea cycle disorders, some organic acidurias as well as it
could offers some clues for mitochondrial disorders.

In this context the aim of the study was defined as evalua-
tion of importance of plasma amino acid profile in the diagno-
sis of IEM. As the diagnosis is performed, specific biomarkers
are followed to monitor clinical management of the patient.

Material and methods

This analytical prospective study was done within
the project «Genomic medicine and metabolomics re-
search in the service of prophylaxis of genetic diseases for
healthy generations in the Republic of Moldova» (Acro-
nym: SCREENGEN, Cipher: 20.80009.8007.22) in Institute
of Mother and Child from Chisinau, Republic of Moldova.
The research protocol was approved by the Ethics Research
Committee of SUMP “Nicolae Testemitanu”, from the Repub-
lic of Moldova (verbal process no. 2 from 15.12.2020, signed
by the president of the committee - Professor Vovc Victor).

Amino acids analysis was performed in 15 children aged
from 0 to 13 years old, which parents signed inform consent
after receiving all necessary information. The subjects were
chosen through medical genetic consulting based on clini-
cal manifestations specific for “intoxication type” of IEM. In
the study there was included any newborn or child without
particularities of pregnancy and birth in medical history,
but who presents a sudden and progressive deterioration of
health associated with: acid-base imbalance, hypoglycemia,
lethargy, coma, vomiting, hyperammonemia, developmental
delays, unexplained liver function disorder, cardiac signs (ar-
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cardiomegalie), simptome neurologice inexplicabile (ence-
falita acutd, dizabilitati intelectuale, convulsii), constiinta
redusd, mai ales dupa episoade de vome, febra sau foame
[11-13]. Copiii cu 0 maladie metabolica confirmatd, precum
si cei ai cdror tutore nu am semnat acordul informat au fost
exclusi din studiu.

Pacientii suspecti, cu diagnostic neclar au fost supusi unui
complex de analize metabolice, inclusiv investigatii de prima
linie - teste de rutina realizate in unitatile spitalicesti si in-
vestigatii de linia a doua care acopera analize mult mai com-
plexe, realizate in laboratoare specializate, ca cuantificarea
aminoacizilor plasmatici prin cromatografie lichida de fnalta
performanta (HPLC) in cadrul Institutului Mamei si Copilu-
lui, Chisindau, Moldova, screening metabolic extins din pete
de sange uscate (DBS) prin cromatografie lichida cuplata cu
spectrometrie de masa (LC-MS/MS) in cadrul Laboratorului
Medical CytoGenomic, Bucuresti, Romania si acizi organici
urinari prin spectroscopie prin rezonantd magnetica nucle-
ara (RMN) in cadrul Institutului de Chimie Macromoleculara
»Petru Poni” al Academiei Romane, Iasi, Romania.

Pentru analizele planificate in studiu, au fost colectate
fluide biologice (sange si urind) de la toti pacientii inclusi in
studiu. Sangele periferic a fost colectat prin punctie venoa-
sa, pe nemancate In eprubete de 5 ml cu K3EDTA. Sangele
ulterior a fost centrifugat (4500 rpm timp de 10 min), iar
plasma a fost transferatd in eprubete de 1,5 ml si stocata
la - 80°C pana la analiza cromatografica.

Ulterior, lipidele si proteinele au fost indepartate din
plasm3, apoi amestecul obtinut a fost filtrat prin filtru de
seringa cu dimensiunea porilor membranari de 0,45 pm in-
tr-o viala de 2 ml si introdusa in analizorul de aminoacizi.
Aminoacizii au fost cuantificati prin cromatografie lichida
de fnalta performanta (HPLC, Shimadzu) cu coloana croma-
tografica Shim-pack Amino-Na, 100 mmL x 6,0 mml.D., 5
um, derivatizare post-coloana cu O-pthalaldehida (OPA) si
detector fluorescent. Procedura analitica de cuantificare a
aminoacizilor a fost realizata conform manualului ,Amino
Acid Analysis System for high-sensitivity measurement of
amino acids in foods and biological samples”. Metoda cro-
matografica a fost calibratda utilizdnd standardul ,Amino
acid standards, physiological, analytical standard, acidic,
neutrals, and basics”, Merck, Germany. in calitate de stan-
dard intern a fost utilizatd norvalina.

Urina de dimineata a fost colectata de la pacientii cu var-
sta cuprinsa intre 3 - 13 ani In containere speciale si pastra-
ta in frigider (+ 4°C) pana la 8 ore sau la congelator (- 20°C)
pentru o perioada mai lunga. In schimb, urina nou-nascuti-
lor si copiilor pana la 3 ani a fost colectata aleator pe parcur-
sul zilei in pungi colectoare speciale.

Rezultate

In cadrul studiului au fost selectati 15 pacienti conform
criteriilor de includere si excludere, ale caror manifestari
clinice sunt prezentate in tabelul de mai jos (Tabelul 1).

La toti copii au fost efectuate investigatiile metabolice
de prima linie care includ echilibru acido-bazic, nivelul glu-
cozei, lactatului si amoniacului. La 33,3% (n = 5) din copii
a fost observat dezechilibru acido-bazic cu predominanta -

rhythmias, cardiomyopathies, cardiomegaly), unexplained
neurological symptoms (acute encephalitis, intellectual dis-
abilities, seizures), reduced consciousness, especially after
episodes of vomiting, fever or hunger [11-13]. Children with
a confirmed metabolic disease, which do not interfere with
amino acid metabolism, were excluded from the study, the
same for the patients who did not sign the informed consent.

A complex metabolic workup have been performed in
the patients with unclear diagnosis including first line in-
vestigations - routine tests realized in the hospital units and
second line investigations that cover more complex analy-
sis, realized in specialized laboratory, as plasma amino acids
by high performance liquid chromatography (HPLC) at the
Institute of Mother and Child, Chisinau, Moldova, metabolic
extended screening from dried blood spots (DBS) by liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
at CytoGenomic Medical Laboratory, Bucharest, Romania
and urine organic acids by Nuclear Magnetic Resonance
(NMR) Spectroscopy, at ,,Petru Poni” Institute of Macromo-
lecular Chemistry of Romanian Academy, [asi, Romania.

The selected patients were subjected to biological flu-
id collection, as blood and urine. Peripheral blood was
drawn by venous puncture on fasting and collected into 5
mL K3EDTA-coated tubes. Then the blood was centrifuged
(4500 rpm for 10 min), and plasma was transferred to 1.5
mL Eppendorf tubes and stored at - 80°C until chromato-
graphic analysis were done.

Before analysis fat-soluble components and proteins
have been removed from plasma, then the obtained mix was
filtered through syringe filter, 0,45 pm membrane pore sizes
in a 2 ml volume vial and introduced in the amino acid ana-
lyzer. Amino acids were profiled by High Performance Liquid
Chromatography (HPLC, Shimadzu) with chromatographic
column Shim-pack Amino-Na, 100 mmL x 6,0 mmlI.D., 5 pm,
post-column derivatization with O-pthalaldehyde (OPA)
and fluorescence detector. The analytical procedure used in
this research for amino acids quantification was performed
as described in Shimadzu manual ,Amino Acid Analysis
System for high-sensitivity measurement of amino acids in
foods and biological samples”. The chromatographic meth-
od was calibrated using ,Amino acid standards, physiologi-
cal, analytical standard, acidic, neutrals, and basics”, Merck,
Germany. Norvaline was used as internal standard.

Samples of urine were collected usually overnight from
patients aged 3-13 years in special collection tubes and
stored in the fridge (+ 4°C) for at most 8 hours or in the freez-
er at - 20°C for a longer period of storage. In contrast, new-
borns and infants sample required special collector bags that
allow acquisition of urine randomly during the day.

Results

During the study, 15 patients have been selected for
analysis according to inclusion and exclusion criteria, de-
scribed in table below. (Table 1).

The first line metabolic investigations including ac-
id-base balance, glucose, lactate and ammonia level have
been done during patients hospitalization in all cases. In
33,3% (n =5) there has been observed acid-base imbalance
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Tabelul 1. Caracteristica clinica a pacientilor inclusi in studiu
Table 1. The clinical characteristic of the patients involved in the study

Nr. pacient ~ Sex Varsta
Patient no. Sex Age

Indicatii pentru testarea aminoacizilor
Indication for amino acid testing

Pacientul 1 m 2a Deteriorare brusca si progresiva a stdrii de sanatate, convulsii, alcaloza metabolica (pH-7,54), lactat crescut (3,1 mmol/L)
Patient 1 2yrs  Sudden and progressive deterioration of health, seizures, metabolic alkalosis pH-7,54), high lactate level (3,1 mmol/L)
Hipoglicemie (2,3-2,6 mmol/L), acidoza metabolica (pH - 7,28), lactat marit (3,2 mmol/L), hipotonie musculara,
Pacientul 2 : 31 hepatomegalie, retard in dezvoltare
Patient 2 3mo  Hypoglycemia (2,3-2,6 mmol/L); metabolic acidosis (pH 7,28); high lactate (3,2 mmol/L); muscular hypotonia; hepatomegaly,
developmental delays,
Deteriorare brusca si progresivd a stdrii de sanatate, vome, retard fizic, constiinta redusa mai ales dupa episoade de vomg,
Pacientul 3 m 11 febrd sau foame
Patient 3 1mo  Sudden and progressive deterioration of health, vomiting, physical retardation, reduced consciousness, especially after
vomiting, fever or hunger
Pacientul 4 ¢ la Convulsii, coma, hipotonie, arest respirator
Patient 4 1yr Seizures, coma, hypotonia, respiratory arrest
. Retard sever psiho-motor, fizic si in greutate, hipotonie musculara difuza, hepatomegalie, hiperlactatacidemie periodica
Pacientul 5 la . > ; ; ; L
. f Severe psychomotor, physical and weight retardation, diffuse muscular hypotonia, hepatomegaly, periodic
Patient 5 1yr ; .
hyperlactacidemia
Pacientul 6 ¢ 2a Durere musculard, oboseald, intoleranta la exercitii fizice, hipotonie
Patient 6 2yrs  Muscle pain, fatigue, physical exercise intolerance, hypotonia
Pacientul 7 f 31 Acidemie lactica (2,34 mmol/L), hipoglicemie (3,0 mmol/L), hiperamonemie (34 pmol/L), vome, hipotonie musculara
Patient 7 3mo  Lactic acidemia (2,34 mmol/L), hypoglycemia (3,0 mmol/L), hyperammonemia (34 umol/L), vomiting, muscular hypotonia
Pacientul 8 m 31 Tulburari inexplicate ale functiei hepatice, hipotonie muscular3, icter
Patient 8 3mo  Unexplained liver function disorder, muscular hypotonia, jaundice
Pacientul 9 ¢ 5zile  Anamnestic familiar pentru fenilcetonurie, rezultate anormale ale screening-ului neonatal
Patient 9 5days  Familial history for Phenylketonuria, abnormal screening results
Deteriorare brusca si progresiva a stdrii de sandtate, decompensare metabolicd, letargie, dehidratare, constiinta redusa
Pacientul 10 m S5a mai ales dupad episoade de voma, febra sau foame, lactat crescut (2,57 mmol/L), hiperamonemie (272 pumol/L)
Patient 10 5yrs  Sudden and progressive deterioration of health, metabolic decompensation, lethargy, dehydration, reduced consciousness,
especially after vomiting, fever or hunger, high lactate (2,57 mmol/L), hyperammonemia (272 umol/L)
Acidoza metabolica severa (pH 7,23), lactat crescut (3,1-5,9 mmol/L), crize cu tahipnee, tulburari respiratorii si
Pacientul 11 m 151 alimentare, hipotonie, blefaroptoza, letargie, oboseald, alergii cutanate, sialoree si alopecie partiala.
Patient 11 15mo  Severe metabolic acidosis (pH 7,23); high lactate level (3,1-5,9 mmol/L), crisis with tachypnea, respiratory and feeding
disorders, hypotonia, blepharoptosis, lethargy, fatigue, skin allergies, sialorrhea, and partial alopecia.
Pacientul 12 m 4a Acidoza metabolicad (pH 7,28), hipoglicemie (2,6 mmol/L), cetoza
Patient 12 4yrs  Metabolic acidosis (pH 7,28); hypoglycemia (2,6 mmol/L), cetosis
Pacientul 13 . 81 Convulsii, letargie, hipotonie musculara, oboseala, retard general
Patient 13 8mo  Seizures, lethargy, muscular hypotonia, fatigue, general retardation
Pacientul 14 m 13a  Acidozd metabolicd severa (pH 7,09-7,22), lactat crescut (5,12 mmol/L), hiperamonemia (110 pmol/L)
Patient 14 13yrs  Severe metabolic acidosis (pH 7,09-7,22), high lactate level (5,12 mmol/L), hyperammonemia (110 umol/L)
Pacientul 15 3a Vome, dehidratare, hipotonie musculard, retard general
. m L . . .
Patient 15 3yrs  Vomiting, dehydration, muscular hypotonia, general retardation.

Nota: Valori de referinta: pH: 7,35-7,45; glicemie: 4,0-5,9 mmol/L; amoniac: 9-30 pmol/L; lactat: 0,7-2,1 mmol/L; m - masculin, f - feminin; a - ani, 1 - luni;
Note: Reference values; pH: 7,35-7,45; glucose: 4,0-5,9 mmol/L; ammonia: 9-30 umol/L; lactate: 0,7-2,1 mmol/L; m - male, f - female; yrs - years, mo — months

acidoza metabolicd, in 20% (n = 3) - hipoglicemie, in 46,6%
(n = 7) - nivel ridicat al acidului lactic, iar valori crescute ale
amoniacului le-au avut 20% (n = 3) din pacienti. Screening-ul
metabolic extins a fost efectuat la 13 pacienti (86,66%). Toti
pacientii descrisi au fost supusi analizei cromatografice, iar
cromatogramele obtinute au fost sugestive pentru o eroare
innascutd de metabolism in 4 cazuri (26,6%).

Rezultate anormale ale aminoacizilor plasmatici au fost
observate la o fetitd de 2 luni (pacientul numarul 4) cu con-
vulsii de la nastere, stare precomatoasa si stop respirator.

in order of severe acidosis, in 20% (n = 3) - hypoglycemia, in
46,6% (n =7) - high lactate level and 20% (n = 3) of the chil-
dren had high ammonia level. Metabolic extended screening
has been performed in 13 patients (86,66%). The described
patients were subjected to chromatographic analysis by
HPLC and the obtained chromatograms were suggestive for
an inborn error of metabolism in 4 cases (26,6%).
Abnormal results on plasma amino acids have been seen
in patient number 4, a girl of 2 months old, whose main
clinical conditions were seizures from birth, precomatous



Incepand cu a treia zi de viatd, copilul a inceput si dezvolte
convulsii intratabile, apoi a intrat in coma timp de o luna. La
electroencefalografie s-a observat discontinuitatea excesiva
a activitatii cerebrale sub forma de suprimare a exploziei si
separata in regiunea frontala cu accent pe undele ascutite
hipervoltate acute stang izolate cu caracter epileptiform.
Tomografia computerizata a aratat hidrocefalie cerebrala
mixti. In baza evolutiei manifestarilor clinice, o EIM a fost
suspectati. In acest context, au fost colectate fluide biologi-
ce (DBS, plasm3, urina, lichid cefalorahidian (LCR)). Analiza
aminoacizilor a fost efectuata prin HPLC si cromatografie
lichida cu schimb ionic (Institutul de Fiziologie si Sanocrea-
tologie, Chisinau, Moldova) (Fig. 1).

m\
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state and respiratory arrest. From the third day of life, the
child started to develop intractable seizures then she went
into a coma for a month. On electroencephalography there
was observed excessive discontinuity of cerebral activity in
the form of burst-suppression pattern and separated in the
frontal region with an emphasis on the left isolated acute
hypervolted sharp waves of epileptiform character. Comput-
ed tomography scan showed cerebral mixed hydrocephalus.

Based on clinical manifestations and evolution, an IEM
has been suspected. In this context, body fluids samples
(DBS, plasma, urine, cerebrospinal fluid (CSF)) have been
collected. Amino acids analysis in CSF, plasma and urine has
been performed by HPLC (Fig. 1) and ion-exchange liquid
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Fig. 1 Cromatograma profilului aminoacizilor plasmatici a pacientului numarul 4
Fig. 1 Plasma amino acid chromatogram of patient number 4. .

in rezultatul analizei cromatografice, a fost identificat
nivel crescut al aminoacidului glicina in plasma (Gly 544
umol/L, valori de referinta 70,72 - 256,36 umol/L), fiind su-
gestive pentru o eroare Innascuta a metabolismului Gly - Hi-
perglicinemie noncetotica (NKH). Biomarkerul biochimic al
acestei patologii este raportul crescut al glicinei dintre LCR
/ plasma, prin urmare, aminoacizii au fost testati si in LCR.
Nivelul de Gly a fost, de asemenea, ridicat, depasind de 10 ori
intervalele normale (valoare de referinta: < 20 umol/L), iar
valoarea raportului glicinei in LCR / plasma de 0,147 (nor-
mal <0,02) a fost evident pentru NKH [17, 18]. Suplimentar,
diagnosticul a fost consolidat de rezultatele screeningulului
metabolic extins (valorile glicinei - 1085,9 pmol/L (valoare
de referinta: < 650,0 uM/L), precum si cele primite In urma
efectuarii spectroscopiei RMN, identificandu-se o cantitate
mare de Gly In urina. Diagnosticul a fost confirmat, ca urma-
re a investigatiilor molecular - genetice, prin identificarea a
doua mutatii patologice in stare homozigota in gena GLDC,
asociate cu Hiperglicinemie noncetotici [OMIM 605899]. in
consecintd, tratamentul a fost individualizat in functie de di-
agnosticul biochimic, iar terapia pacientului a inclus o dieta
scazuta in Gly si administrarea de benzoat de sodiu 200 mg/
kg/zi.

Un alt caz cu profilul anormal al aminoacizilor a fost pa-
cientul numarul 9, o fetita de 5 zile cu anamnestic familiar
pentru Fenilcetonurie (PKU), insa nu a fost efectual diagnos-
tic prenatal. Fratele mai mare a fost diagnosticat cu PKU in

chromatography (Institute of Physiology and Sanocreatolo-
gy, Chisinau, Moldova).

The obtained amino acid profile showed high level of
glycine (Gly) in plasma (544 umol/L; reference value 70,72
- 256,36 umol/L), being suggestive for disorder of Gly me-
tabolism - Nonketotic hyperglycinemia (NKH). It is known
that the biochemical hallmark for this disease is the elevat-
ed glycine CSF / plasma ratio, so the amino acids analysis
was performed in CSFE. Gly level was also high, exceeding 10
fold above the normal ranges (reference value: <20 pmol/L)
and the Gly CSF / plasma ratio of 0,147 (normal<0.02) was
evident for NKH [17, 18]. Additionally, the data from new-
born extended screening have been fortified the diagnosis
(glycine values - 1085,9 umol/L (reference value: < 650,0
uM/L) as well as the result from NMR spectroscopy, iden-
tifying high amount of Gly in the urine. The diagnosis was
confirmed by two pathological mutations found in homozy-
gous state in the GLDC gene during molecular investigations
associated with Glycine encephalopathy [OMIM 605899].
Consequently, the treatment has been individualized ac-
cording to the biochemical diagnosis. So, the patient thera-
py included a low glycine diet and the sodium benzoate 200
mg/kg/day administration.

Another case with abnormal amino acid profile was
the patient number 9, a 5 days old girl who had a famil-
ial history for Phenylketonuria (PKU), but did not perform
the prenatal diagnosis. The older brother has been diag-
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cadrul Programului National de Screening din Moldova,
4 ani in urmi. In acest context, au fost recoltate probe de
pete de sange uscate de la nou-nascutad in a treia zi de viata,
pentru diagnosticarea precoce a PKU. Rezultatele ei au fost
anormale (fenilalanind > 14 mg/dl; valori de referinta < 3
mg/dl), fiind sugestive pentru tulburari ale metabolismului
fenilalaninei (Phe). Analiza aminoacizilor plasmatici a fost
realizata pentru a confirma rezultatele anormale ale scre-
ening-ului dar si pentru a cuantifica concentratia exacta de
Phe si tirozina (Tyr) In plasm3, cu scopul de a initia si per-
sonaliza terapia prin dieta [14, 15]. Profilul aminoacizilor
a prezentat un varf foarte inalt la timpul de retentie - 22,5
minute, corespunzator aminoacidului Phe (Fig. 2).

myv
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nosed with PKU by Moldavian National Screening Program
4 years ago. In this context dried blood spots sample has
been collected from the newborn girl in the third day of
life, for early diagnosis of PKU. Her results were abnormal
(Phenylalanine >14 mg/dl; reference values <3 mg/dl), be-
ing suggestive for disorders of phenylalanine (Phe) metab-
olism. Plasma amino acids analysis has been done to con-
firm abnormal newborn screening results and quantify the
exact concentration of plasma Phe and tyrosine amino acid
(Tyr), in order to initiate and personalize the diet-therapy
[14, 15]. Amino acid profile showed a high peak at reten-
tion time - 22,5 minutes, corresponding with amino acid
Phe (Fig. 2).
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Fig. 2 Cromatograma profilului aminoacizilor plasmatici a pacientului numarul 9
Fig. 2 Plasma amino acid chromatogram of patient number 9. .

Analizand datele obtinute, s-au detectat concentratii ex-
trem de ridicate de Phe (1568 pmol/L; valori de referinta
26,52-221 pmol/L), care confirma tulburarea metabolismu-
lui fenilalaninei. In plus, Tyr a fost identificatd in concentra-
tie normald (92,4 umol / L; valori de referintd 26,52-123,76
umol / L), dar raportul Phe / Tyr in jurul valorii de 17 este
specific pentru forma clasica de PKU [17]. Suplimentar
identificarea mutatiilor responsabile de boala prin secven-
tierea Sanger a genei PAH au confirmat diagnosticul de PKU.

Urmatorul copil raportat cu nivel anormal al profilu-
lui aminoacizilor a fost pacientul numarul 11, un baiat de
15 luni. Prezentdrile clinice au debutat la 15 luni de viat3,
manifestate prin crize de acidoza metabolica severa cu ta-
hipnee, tulburari respiratorii si de alimentatie, hipotonie,
blefaroptoza, letargie, oboseald, alergii cutanate, sialoree si
alopecie partiala (Tabelul 1). Avand in vedere toate manifes-
tarile clinice, copilul a fost suspectat pentru o EIM. Analiza
aminoacizilor plasmatici a fost efectuata prin HPLC in Insti-
tutul Mamei si Copilului si Universitatea de Stat de Medicina
si Farmacie "Nicolae Testemitanu”. Ambele metode croma-
tografice au relevat concentratii ridicate de alanina in plas-
ma (Ala - 572 pmol/L, valori de referinta: 79,56 - 424,32
pumol/L). Astfel nivelul ridicat de Ala, impreund cu valoarea
raportului Ala/Lys de 6,8 sugereaza o eroare metabolica cu
implicare mitocondriald (Fig. 3). In urma screening-ului

Analyzing the obtained data, extremely high concen-
trations of Phe (1568 pmol/L; reference values 26.52-221
umol/L) have been detected, that confirmed disorder of
phenylalanine metabolism. Additionally, the tyrosine (Tyr)
has been identified in normal concentration (92,4 pmol/L;
reference values 26,52-123,76 pmol/L), but the Phe / Tyr
ratio was around 17 and it was specific for classical form
of PKU [17]. Genetic analysis of PAH gene, performed by
Sanger sequencing confirmed the PKU disease.

The next reported child with abnormal level of amino
acid profile was patient number 11, a 15 months old boy.
The onset of clinical presentations appeared at 15 months
of life, manifested by severe metabolic acidosis crisis with
tachypnea, respiratory and feeding disorders, hypotonia,
blepharoptosis, lethargy, fatigue, skin allergies, sialorrhea,
and partial alopecia (Table 1). Considering all clinical man-
ifestations, the child was suspected for an IEM. Plasma
amino acids analysis has been performed by HPLC in Insti-
tute of Mother and Child and State University of Medicine
and Pharmacy "Nicolae Testemitanu”. Both HPLC analysis
of plasma amino acids revealed high concentration of ala-
nine (Ala - 572 pmol/L, reference values: 79.56 - 424.32
umol/L), along with the value of the ratio Ala/Lys of 6,8 in-
dicated the mitochondrial involvement (Fig. 3). Extended
newborn screening by LC-MS/MS of DBS samples showed
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metabolic extins prin LC-MS/MS a probelor DBS s-au iden-
tificat concentratii ridicate de propionil-L-carnitina (C3 =
3.504 pM/L, (valori de referinta < 2,7 uM/L), hidroxi-izova-
leric-L-carnitina (C50H = 2.317 uM/L, (valori de referinta <
0,65 uM/L) si raport ridicat de C50H/CO - 0,076 (valori de
referinta < 0,035) si C50H/C8 - 75,274 (valori de referinta
< 13). In plus, prin efectuarea analizei acizilor organici in
urind, au fost identificate niveluri ridicate de acid 3-hidro-
xiizovaleric, acid 3-hidroxipropionic si acid 2-metilcitric, in
prezenta acidemiei piruvice si lactice. Nu au fost identificati
corpi cetonici in urina.

my

high concentration of propionil-L-carnitina (C3 = 3,504
uM/L, (reference values < 2,7 uM/L), hydroxy isovaler-
ic-L-carnitina (C50H = 2,317 uM/L, (reference values < 0,65
uM/L), and high ratio of CS0H/CO - 0,076 (reference values
< 0,035), and C50H/C8 - 75,274 (reference values < 13).
Additionally, by performing organic acids analysis in urine,
high levels of 3-hydroxyisovaleric acid, 3-hydroxypropionic
acid and 2-methylcitric acid has been identified in the pres-
ence of pyruvic and lactic acidemia. No ketone bodies have
been identified in the urine.
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Fig. 3 Cromatograma profilului aminoacizilor plasmatici a pacientului numarul 11
Fig. 3 Plasma amino acid chromatogram of patient number 11. .

In baza manifestirilor clinice si ale rezultatelor de labo-
rator, a fost observatd o asociere cu tulburari ale metabo-
lismului biotinei - Deficienta Multipla de Carboxilaza CoA
(MCD), usor tratatd prin suplimentare orald cu biotina. in
cazul pacientului raportat, acesta a primit 20 - 40 mg de
biotina pe zi fara careva diete specifice. Pacientul a fost ab-
solut receptiv la tratament, iar urmatoarea monitorizare a
urinei a relevat disparitia metabolitilor si starea clinica a
fost imbunatatita.

Ultimul pacient In cohorta analizata cu profil anormal al
aminoacizilor plasmatici este cel cu numarul 14. La 13 ani,
a fost internat cu acidoza metabolica severa (Tabelul 1), po-
sibil declansat de infectarea cu Covid-19 si aportul excesiv
de proteine In timpul sarbatorilor de iarna. Simptomele sale
(mioglobinurie / rabdomioliza, cetoza, hiperamoniemie, sin-
drom Reye (insuficienta hepatica fulminanta si leziuni ale sis-
temului nervos central)) in contextul istoriei personale (mio-
patie, oboseald, intoleranta la exercitii fizice, vome frecvente
de la 7 ani) l-au facut suspect de EIM. Pentru a elucida cauza
anomaliei, a fost efectuat un workup metabolic. In rezultatul
analizei cromatografice prin HPLC s-a observat o concentra-
tie crescutd de Ala (575umol/L; valori de referinta: 192-508
umol/L). In profilul acilcarnitinic s-au identificat valori anor-
male ale 3-hidroxiisovaleril-/2-metil-3-hidroxibutiril-carni-
tinei (C50H-Carnitina - 0,840 pM/L, valori de referintd <0,65
uM/L) si raport ridicat de C50H/CO (0,037 uM/L, referinta

Based on clinical manifestations and laboratory data,
there has been observed a strong suspicion for a disorder
of biotin metabolism - Multiple CoA carboxylase deficiency
(MCD), well treatable by oral biotin supplementation. In this
case, the patient received 20-40 mg biotin per day, without
any diet. The patient was well responsive to the treatment,
the following urine monitoring revealed disappearance of
toxic metabolites and the clinical state has been improved.
The patient is continuing the biotin supplementation and is
maintained in a good metabolic and health condition.

Patient number 14 was the last with abnormal amino
acid profile in the analyzed cohort. At 13 years old, he was
hospitalized with severe metabolic acidosis (Table 1), possi-
ble triggered by Covid-19 infection and excessive protein in-
take during winter holidays. His symptoms (myoglobinuria
/ rhabdomyolysis, ketosis, hyperammonemia, Reye’s - like
syndrome (fulminantliver failure and central nervous system
damage)) in the context of personal history (myopathy, fa-
tigue, physical exercise intolerance, frequent vomiting start-
ed from 7 years old) made him suspected for an [EM. In order
to elucidate the cause of these abnormalities, the metabolic
workup has been performed. The HPLC analysis of plasma
showed increased concentration of Ala (575 umol/L; refer-
ence values: 192-508 pmol/L). Acylcarnitine profile results
revealed slightly increased concentration of 3-hydroxyiso-
valeryl-/2-methyl-3-hydroxybutyryl-carnitine (C50H-Carni-
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(0,035 uM/L). Analiza acizilor organici din urind au evidenti-
at o concentratie ridicata de acid lactic, acid 3-hidroxibutiric,
acid 2-hidroxibutiric, acid 3-hidroxivalerianic, acid 2-hidroxi-
valerianic si acid 3-metilglutaconic. Combinand toate aceste
date se constata o suspectie pentru o tulburare metabolica
cu implicare mitocondriald. Secventierea intregului exom nu
a identificat nicio mutatie patologica, astfel incat a fost re-
comandatd secventierea ADN-ului mitocondrial. Pacientul a
primit bioting, la care a raspuns pozitiv, cu normalizarea pro-
filului urinei si a datelor clinice.

Discutii

Cu toate cd EIM pot aparea la diferite varste, afectarea
cdilor metabolice ale aminoacizilor este prezenta de la
nastere si se poate manifesta in primele zile de viata dupa
nastere fiziologica normalad sau mai tarziu prin manifestari
cronice nespecifice [11]. Decompensarea metabolica acuta
in perioada neonatala cauzatda de acumularea de metabo-
liti toxici in organism poate fi prezentata prin acidoza me-
tabolica severa (pH sangvin sub 7,35), alcaloza (pH sangvin
peste 7,45), hipoglicemie, niveluri ridicate de amoniac si
lactat [6, 19]. Pentru a detecta biomarkeri biochimici spe-
cifici asociati anumitor tipuri de EIM, au fost implementate
metode avansate de diagnostic. Printre acestea, metoda cro-
matografica de obtinere a profilului aminoacizilor joaca un
rol crucial si necesita de a fi realizata la fiecare pacient cu
suspectie pentru EIM.

Cuantificarea aminoacizilor este un instrument ideal
pentru diagnosticarea aminoacidopatiilor si poate oferi
date complementare in vederea diagnosticarii altor tipuri
de EIM. Interpretarea profilului aminoacizilor se bazeaza
nu numai pe nivelul anormal al unui singur aminoacid,
dar implica si alti biomarkeri metabolici specifici, inclusiv
relatii intre diferiti metaboliti (Tabelul 2) si corelatia cu
istoricul clinic al pacientului. Biomarkerii servesc ca indi-
catori ai proceselor biologice normale sau patologice; ei
pot prezice, diagnostica, monitoriza si evalua severitatea
unei boli. De exemplu, detectarea unui nivel ridicat de Phe
in plasma este asociata cu PKU [OMIM 261600], o maladie
ereditara a metabolismului fenilalaninei, cauzata de muta-
tii in gena PAH (aproximativ 98% cazuri) si, in cazuri rare,
de mutatii in genele implicate in biosinteza tetrahidrobi-
opterinei [19]. Alaturi de Phe crescuta (concentratie > 120
umol/L), raportul Phe / Tyr crescut (> 3) este un biomar-
ker important pentru diagnosticul PKU, care poate fi utili-
zat pentru a face diferenta intre tipurile de PKU si hiperfe-
nilalaninemia (HPA) [20]. Biomarkeri aditionali folositi in
diagnosticul PKU pot servi anumiti acizii organici urinari
identificati in exces, ca fenilpiruvic, fenilacetic, fenilactic,
2-hidroxifenilacetic si N-fenilacetilglutamic (Tabelul 2)
[3]. La pacientii cu PKU se monitorizeaza cantitatile de Phe
si Tyrin dinamica, pentru evaluarea evolutiei bolii si asigu-
rarii unui control eficient asupra dietoterapiei.

Importanta biomarkerilor din spectrul aminoacizilor
poate fi demonstrata si pe exemplul hiperglicinemiei non-
cetotice, cunoscutd sub numele de encefalopatie glicinica.
Fiind o aminoacidopatie, diagnosticul se bazeaza pe anali-
za aminoacizilor, care ar prezenta concentratii crescute a
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tine - 0,840 uM/L, reference values < 0,65 uM/L) and high ra-
tio of C50H/CO0 (0,037 uM/L, reference values < 0,035 uM/L).
Urine organic acids revealed high concentration of lactic acid,
3-hydroxibutiric acid, 2-hydroxibutiric acid, 3-hydroxivale-
rianic acid, 2-hydroxivalerianic acid and 3-methylglutaconic
acid. Combining all the data a possible presence of a disorder
with mitochondrial involvement was suspected. Whole ex-
ome sequencing did not reveal any pathological mutation, so
the mitochondrial DNA sequence was recommended. He re-
sponded well to biotin treatment with normalization of urine
profile and clinical data as well.

Discussions

Despite to the fact that [IEM may present at various ages,
the disorder of amino acids pathway is present from birth
and may be manifested the first days of life as deterioration
after normal birth and delivery or later as nonspecific chronic
manifestations [11]. Acute metabolic decompensation in the
neonatal period may also present severe acidosis (blood pH
below 7,35), alkalosis (blood pH above 7,45), hypoglycemia,
high ammonia and lactate levels [6, 19] due to accumulation
of toxic metabolites in the body. Advanced laboratory tests
have been implemented in order to detect specific biochemi-
cal biomarkers associated with particular IEM. Among these
tests amino acid analysis plays a crucial role and should be
done in every patient with a suspected IEM.

Amino acids quantification is a perfect tool for diagnosis
of aminoacidopathies and can offer complementary data
for other types of I[EM. The interpretation of amino acids
profile is based not only on the abnormal level of a single
amino acid, but rather involves other specific biomarkers
including diagnostic ratios (Table 2) and correlation to the
patient’s clinical history. Biomarkers serve as measurable
indicators of normal biological or pathological processes;
they can predict, diagnose, monitor and assess the severity
of a disease. For example, detection of high level of plasma
Phe is associated with PKU [OMIM 261600], an inherited
disorder of phenylalanine metabolism, caused by muta-
tions in PAH gene (around 98% cases) and in rare cases by
mutations in genes implicated in biosynthesis of tetrahyd-
robiopterin [19]. Along with elevated Phe (concentration >
120 pmol/L), an elevated Phe / Tyr ratio (> 3) is an import-
ant biomarker for the diagnosis of PKU, that can be used
to differentiate between PKU and hyperphenylalaninemia
(HPA) [20]. Additional biomarkers for PKU are obtained
by performing urine organic acid analysis; patients with
PKU will show elevations in phenylpyruvic, phenylacetic,
phenyllactic, 2-hydroxyphenylacetic, and N-phenylacetyl-
glutamic acids (Table 2) [3]. Individuals with PKU have Phe
and Tyr routinely monitored, to ensure optimal dietary
control of the disease. The importance of biomarkers from
amino acids spectrum can be seen on example of Nonke-
totic hyperglycinemia, also known as glycine encephalop-
athy. As NKH is an aminoacidopathie, the diagnosis relies
on amino acid analysis, which should reveal an elevation of
glycine in body fluids (plasma, urine, and CSF). However,
plasma glycine level may not be significantly increased in
all cases due to diurnal variation and differences in dis-
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Tabelul 2. Biomarkeri metabolici din spectrul aminoacizilor utilizati in diagnosticul EIM [3, 8, 21]
Table 2. Metabolic Biomarker from amino acids spectrum used in the diagnosis of [IEM [3, 8, 21]

Aminoacidul implicat
Amino acid involved

Biomarkeri aditionali
Additional biomarkers

Maladii asociate
Associated disorders

Valori excesiv crescute de lizina (U)
Lysine markedly elevated (U)

Valori crescute de homocisteina (S, U)
High homocysteine (B, U)

Valori crescute de metionina (S)
High methionine (B)

Valori crescute de valing, leucina,
isoleucina (S)
High valine, leucine, isoleucine (B)

Valori crescute de glicina (B, LCR, U)
High glycine (B, CSE U)

Valori crescute de fenilalanina (S)
High phenylalanine (B)

Valori crescute de tirozina (S)
High tyrosine (B)

Valori crescute de alanina (S)
High alanine (B)

Valori crescute de prolina (U)
High proline (U)

Valori crescute de ornitina (S, U)
High ornithine (B, U)

Argining, crestere moderata de ornitina (U), acid orotic (U)
Arginine, ornithine moderate increase (U), orotic acid (U)

Homocisteina totala si metionina (S, U)

Total homocysteine and methionine (B, U)

Homocistind plasmatica usor crescutd, S-adenosilhomocisteina (S),

S-adenosilmetionina (S)

Mildly elevated total plasma homocystine, S-adenosylhomocysteine, (B),

S-adenosylmethionine (B)

S-adenosilmetionina (S)
S-adenosylmethionine (B)

Intoleranta la proteinele lizinurice
Lysinuric protein intolerance

Homocisteinuria
Homocysteinuria

Deficit de S-adenozil-homocisteina-
hidroxilazd; Hipermetioninemia
S-Adenosyl- homocysteine- hydroxylase
deficiency; Hypermethioninemia

Deficitul de glicina-N-metiltransferaza
Glycine-N- methyltransferase deficiency

Raportul plasmatic valina:izoleucina:leucinad (3,5: 1: 2), 2-cetoacizi si

2-hidroxiacizi cu lantul ramificat (U)
Plasma ratio of valine:isoleucine:leucine
2-ketoacids and 2-hydroxyacids (U)

Cresterea raportului glicinei din LCR/plasma

Increased CSF/plasma glicine ratio

Raportul Phe:Tyr (S), acizii fenilpiruvic,
v

Phe:Tyr ratio (B), phenylpyruvic, phenyllactic, 2- hydroxyphenylacetic

acids (U)

Biopterind scazutd, neopterina scazuta sau ridicata (U)

Low biopterin, low or high neopterin (U)

Neopterinad si primapterina ridicate (U)
High neopterin and primapterin (U)

Boala urinei cu sirop de artar (MSUD)

(3,5:1:2), branch chain Maple syrup urine disease (MSUD)

Hiperglicinemia necetotica
Nonketotic hyperglycinemia
fenilactic, 2- hidroxifenilacetici Fenilcetonurie / Hiperfenilalaninemie,
Phenylketonuria/
Hyperphenylalaninemia,

Defectul biosintezei cofactorului
biopterinei
Defect of biopterin cofactor biosynthesis

Defect al regenerarii cofactorului
biopterinei

Defect of biopterin cofactor
regeneration

Succinilacetona (DBS, U), acizi 4-hidroxi-fenilpiruvici, 4-hidroxi-

fenilactici (U)

Succinylacetone (DBS, U), 4-hydroxyphenylpyruvic, 4-hydroxyphenyllactic

acids (U)

Acizi 4-hidroxifenilpiruvici, 4-hidroxi-fenilactici (U)
4-hydroxyphenylpyruvic, 4-hydroxy-phenyllactic acids (U)
Acizi 4-hidroxifenilpiruvici, 4-hidroxi-fenilactici (U)
4-hydroxyphenylpyruvic, 4-hydroxyphenyllactic acids (U)

Raportul lactat : piruvat inalt, nivel crescut de lactat, acidoza
High lactic:pyruvate ratio, high lactate level, acidosis

5-carboxilat de pirolina ridicata
High pyrroline 5-carboxylate

Valori crescute de homocitrulina (U) si amoniac (S)
High homocitrulline (U) and ammonia (B)

Tirozinemia tip |
Tyrosinemia I

Tirozinemia tip II
Tyrosinemia Il

Tirozinemia tip I1I
Tyrosinemia 111

Tulburari mitocondriale
Mitochondrial disorders

Deficitul de prolin oxidaza /
Hiperprolinemia I

Proline oxidase deficiency/
Hyperprolinemia I

Sindromul HHH
HHH syndrome

Nota: S - sange; U - uringd; LCR - lichid cefalorahidian; HHH - Hiperornitinemie hiperamoniemie homocitrullinemie
Note: B - blood; U - urine; CSF - cerebrospinal fluid; HHH - Hyperornithinemia hyperammonemia- homocitrullinemia.

glicinei in fluidele biologice (plasma, urina si LCR). Nivelul
glicinei plasmatice, din cauza variatiei diurne si a diferen-
telor de severitatea a bolii poate sa nu fie semnificativ cres-
cut in toate cazurile de NKH, dar glicina este intotdeauna
crescutd in LCR. Din acest motiv, LCR se recomanda de fi
colectat in orice caz cand convulsiile intractabile sunt pre-
zente de la nastere. Prin urmare, pentru diagnosticarea
NKH, raportul crescut de glicind in LCR / plasma poate fi

ease severity, but glycine is always elevated in CSF. CSF
collection is recomended in any case when the intractable
seisures are present in the patient from the birth, for the
following metabolic investigations. Therefore, the elevated
CSF / plasma ratio, usually greater than 0.08 in classical
NKH, and greater than 0.04 in atypical NKH can be used for
diagnosis of NKH [21].

In case of alanine, high concentration of this amino acid
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utilizat. Valori mai mari de 0,08 sunt caracteristice pentru
NKH clasica iar mai mari de 0,04 pentru NKH atipica [21].

in cazul alaninei, concentratia ridicata al acestui ami-
noacid nu este direct asociata cu patologia, ci actioneaza
ca biomarker secundar in diferite tulburari. Este interesant
faptul ca nivelurile crescute de Ala (> 450 pmol/L) sunt su-
gestive pentru o disfunctie mitocondriala, dar este nespeci-
fica si nu este un marker de diagnostic [21].

in acest context, interpretarea rezultatelor testelor me-
tabolice de laborator trebuie sa fie privita In complex cu toti
biomarkerii disponibili. De asemenea, inainte de analiza si
interpretarea rezultatelor, variabilele pre-analitice, cum ar fi
dieta si tratamentele medicamentoase, ar trebui considera-
te pentru a evita rezultatele fals pozitive [22]. De exemplu,
anumite medicamente, cum ar fi unele antidepresive si an-
tiepileptice, pot produce o crestere a glicinei, care ar putea
fi diagnosticata gresit ca hiperglicinemie necetotica [3]. O di-
etad bogata In proteine duce la excretia crescutd a 3 alaninei
si a 1-metilhistidinei, prin urmare se recomanda recoltarea
de sange destinata analizei aminoacizilor dupa foame peste
noapte. Prin contrast, un aport scazut de proteine sau catabo-
lism crescut datorita vomelor sau foamei poate duce la cres-
teri ale aminoacizilor cu lant ramificat (BCAA), care pot imi-
ta boala urinei cu sirop de artar (MSUD) [21]. Colectarea si
stocarea fluidelor biologice pot de asemenea influenta nivelul
aminoacizilor. De exemplu, o proba hemolizata poate duce la
scaderea argininei cu cresterea simultana a ornitinei datorita
activitatii arginazei hematiilor si la o crestere a taurinei elibe-
rate din leucocite si trombocite. Per total, In timpul depozita-
rii prelungite a probelor glutamina si asparagina scad In timp
ce acizii glutamici si aspartici cresc simultan [3]. Alti factori,
cum ar fi contaminarea bacteriana urinara, pot modifica sem-
nificativ profilul aminoacizilor urinari [23]. Avand in vedere
toate acestea, interpretarea completa a profilului aminoacizi-
lor ar trebui facuta In raport cu istoricul clinic al pacientului.

Concluzii

In prezentul studiu, peste 27% dintre pacienti au prezen-
tat devieri In profilul aminoacizilor. Diagnosticul de Fenilce-
tonuirie si Hiperglicinemie noncetotica a fost stabilit la nivel
biochimic si genetic. Concentratia crescutd de Ala reprezin-
td un biomarker pentru o patologie metabolica cu implicare
mitocondriali. In baza workup-ului metabolic efectuat, toti
pacientii raportati urmeaza un tratament cu rezultat pozitiv.
Diagnosticul precoce si precis al EIM este esential pentru
sanatatea pe termen lung ai subiectilor afectati.
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is not directly associated with pathology but acts as second-
ary biomarker in different disorders. It is interesting that
elevated Ala levels (> 450 umol/L) are suggestive for a mi-
tochondrial dysfunction, but it is nonspecific and not diag-
nostic marker [21].

In this context interpretation of results from metabolic
laboratory data must be complex, with regard to all avail-
able biomarkers. Likewise, prior to the analysis and results
interpretation, pre-analytical variables such as a dietary
status and medication treatments should be taken into ac-
count in order to avoid false positive results [22]. For ex-
ample, certain drugs, including some antidepressants and
antiepileptics, can produce an elevation in glycine, which
could be misdiagnosed as nonketotic hyperglycinemia [3]. A
dietrich in proteins leads to increased excretion of 8 alanine
and 1-methylhistidine, thus blood collection intended for
amino acids analysis is recommended after overnight fast-
ing. By contrast, a decreased protein intake or increased ca-
tabolism due to vomiting or fasting can result in elevations
of branched chain amino acids (BCAA), potentially mimick-
ing Maple Syrup Urine Disease (MSUD) [21]. The body fluids
collection and storage may influence the amino acids level
as well. As example, a hemolyzed sample may lead to the de-
crease of arginine with simultaneous increase of ornithine
due to red blood cells arginase activity, and an increase in
taurine that released from leukocytes and platelets. Overall,
during a prolong sample storage glutamine and asparagine
decrease whereas glutamic and aspartic acids increase si-
multaneously [3]. Other factors such as urinary bacterial
contamination can significantly alter urinary amino acids
profile [23]. Regarding all this, a complete interpretation of
an amino acid profile should be made in light of the patient’s
clinical and medical history.

Conclusions

In our study, over 27% of patients showed abnormalities
in amino acid profile. The diagnosis of Phenylketonuria and
Non-ketotic hyperglycinemia has been established at the
biochemical and genetic level. Elevated concentration of Ala
represents a biomarker for a metabolic pathology with mi-
tochondrial involved. Based on performed metabolic work-
up, all reported patients are on treatment with positive out-
come. The early and precise diagnosis of IEM is essential for
the long-term health of affected subjects.
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