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Ce nu este, deocamdata, cunoscut la subiectul abordat

Markerii biochimici clasici nu identifica leziunile
ischemice ale miocardului in absenta schimbarilor necrotice.
in literatura sunt descrise tipurile de modificiri ale biomol-
eculelor induse de ischemia tisulara si/sau de stresul oxidativ,
dar nu se stie daca aceste modicari reflecta veridic amploarea
procesului.

Ipoteza de cercetare

Sinteza literaturii in scopul argumentdrii evaluarii albu-
minei ischemic modificate, produsilor proteici de oxidare
avansata si dialdehidei malonice in ischemia miocardului,
indusa de stres oxidativ.

Noutatea adusa literaturii stiintifice din domeniu

Au fost sistematizate datele referitoare la formarea, rolul
si modificarile albuminei ischemic modificate, produsilor
proteici de oxidare avansata si dialdehidei malonice in stres
oxidativ. Au fost prezentate argumente despre relevanta
evaluarii compusilor mentionati in calitate de biomarkeri ve-
ridici ai ischemiei miocardului, indusa de stres oxidativ.

Rezumat

Introducere. Bolile cardiovasculare sunt o cauza frecventa
a deceselor, majoritatea fiind provocate de sindromul corona-
rian acut, produs de modificarile aterosclerotice ale arterelor
si ischemia miocardului. Ischemia prelungitd induce leziuni
ireversibile, manifestate prin necroza (moartea) cardiomi-
ocitelor, definite, clinic, drept infarct miocardic acut. Pentru
confirmarea necrozei cardiomiocitelor se utilizeaza testele
biochimice, care permit identificarea markerilor cardiospeci-
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What is not known yet, about the topic

Classical biochemical markers do not identify ischemic le-
sions of the myocardium in the absence of necrotic changes.
The literature describes types of changes in biomolecules
induced by tissue ischemia and oxidative stress, but it is not
known whether these alterations accurately reflect the mag-
nitude of the process.

Research hypothesis

Narrative synthesis of literature in order to argue the
evaluation of ischemia modified albumin, advanced oxida-
tion protein products and malondialdehyde in myocardial
ischemia induced by oxidative stress.

Article’s added novelty on the scientific topic

Data on synthesis and role of ischemia modified albumin,
advanced oxidation protein products and malondialdehyde
in oxidative stress were systematized. Arguments have been
presented about the relevance of these compounds assess-
ment as true biomarkers of myocardial ischemia induced by
oxidative stress.

Abstract

Introduction. Cardiovascular diseases are the leading
cause of deaths, most of which are caused by acute coronary
syndrome due to atherosclerotic changes in the arteries and
myocardial ischemia. Prolonged ischemia leads to irreversible
cell lesions, necrosis and death of cardiomyocytes, clinically
defined as acute myocardial infarction. Biochemical tests are
used to identify specific cardiomarkers of necrosis and to con-
firm the diagnosis. Classical markers, T and I troponins, do not
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fici. Markerii clasici - troponinele cardiace T si I - nu permit
depistarea ischemiei miocardului in absenta modificarilor ne-
crotice. Scopul acestui studiu este de a argumenta utilizarea
albuminei ischemic modificate, produsilor proteici de oxidare
avansata si dialdehidei malonice in calitate de markeri ai is-
chemiei miocardului induse de stres oxidativ.

Material si metode. In studiu au fost analizate publicatiile
stiintifice internationale din perioada 2000-2017, precum si
cateva articole mai vechi, disponibile in limbile engleza si rusa,
din baza de date PubMed. Prin cuvintele-cheie “cardiac ische-
mia”, “oxidative stress”, “ischemia modified albumin”, “advanced
oxidation protein products”, “malondialdehyde” au fost selec-
tate 66 de articole de referinta. in baza lor, a fost efectuati o
sinteza narativa de literatura.

Rezultate. Au fost descrise mecanismele de sinteza, argu-
mentate rolul si modificarile albuminei ischemic modificate,
produsilor proteici de oxidare avansata si a dialdehidei malo-
nice in ischemia cardiaca.

Concluzii. Identificarea ischemiei cardiace la etape initiale
este cruciala pentru pacient. Troponinele cardiace, utilizate
in prezent, sunt neinformative pentru depisterea ischemiei in
absenta necrozei cardiomiocitelor. Albumina ischemic modifi-
catd, produsii proteici de oxidare avansata si dialdehida malo-
nica pot fi considerati biomarkeri veridici ai ischemiei miocar-
dului, induse de stresul oxidativ.

Cuvinte cheie: albumina ischemic modificata, produsi
proteici de oxidare avansatd, dialdehida malonicd, ischemie
cardiaca, stres oxidativ.
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Introducere

Bolile cardiovasculare constituie una din cauzele prin-
cipale ale deceselor in populatia planetei. Conform datelor
publicate de Asociatia Americana a Cardiologilor (AHA), rata
mortalitatii prin maladii cardiovasculare este in crestere con-
tinud, de la 28,9% (1990) péna la 36,3% (estimatad pentru
2020). Majoritatea deceselor sunt provocate de sindromul co-
ronarian acut (SCA), cauzat de modificarile aterosclerotice ale
arterei coronare, care duc la ischemie cardiaca [1].

Ateroscleroza reprezinta o afectiune proliferativ-inflama-
torie de etiologie variata, care include un sir de procese pa-
tologice ce afecteaza metabolismul lipidelor, sistemele cardi-
ovascular si imun [2].

in 2011, Azizova si colab., au demonstrat ca unele procese
metabolice (de ex., sinteza ATP in mitocondrii, sinteza prosta-
glandinelor, caile metabolice la care participa citocromul P, )
sunt insotite de formarea radicalilor liberi [3]. Un rol-cheie in
dezvoltarea maladiilor cardiovasculare il are stresul oxidativ.

Stresul oxidativ reprezinta un dezechilibru al sistemelor
anti- si pro-oxidante plasmatice si tisulare, cu activitate pre-
dominanta a sistemului pro-oxidant [3]. Radicalii liberi ataca
proteinele pe intreaga lungime a lantului polipeptidic, afec-
teaza structurile primara, secundara si tertiar3, si favorizeaza
agregarea sau fragmentarea moleculei [4].

Albumina serica indeplineste urmatoarele functii: (1)
transport, (2) mentinerea presiunii coloidal-osmotice, (3)
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allow the detection of myocardial ischemia in the absence of
necrotic changes.

The research aim is to argue the use of ischemia modified
albumin, advanced oxidation protein products and malondi-
aldehyde as markers of oxidative stress-induced myocardial
ischemia.

Material and methods. The study analysed the interna-
tional scientific publications from 2000-2017, as well as sev-
eral older articles, available in English and Russian, from the
PubMed database. The key words “cardiac ischemia”, “oxida-
tive stress”, “ischemia modified albumin”, “advanced oxidation
protein products”, “malondialdehyde” were used to select 66
reference articles. Based on these articles, narrative synthesis
was performed.

Results. The synthesis and role of ischemia modified al-
bumin, advanced oxidation protein products, and malondial-
dehyde were described; the changes in cardiac ischemia were
established.

Conclusions. Cardiac ischemia identification at early
stages is crucial for the patient. The currently used cardiac
troponins are non-informative for the detection of ischemia
in the absence of cardiomyocyte necrosis. [schemia modified
albumin, advanced oxidation protein products and malondial-
dehyde may be considered as novel biomarkers of myocardial
ischaemia induced by oxidative stress.

Key words: cardiac ischemia, oxidative stress, ischemia
modified albumin, advanced oxidation protein products,
malondialdehyde.
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Introduction

Cardiovascular disease is one of the leading causes of
death in the population. According to data published by the
American Heart Association (AHA), cardiovascular disease
mortality rates are rising continuously from 28.9% (1990) to
36.3% (estimated in 2020). Most deaths are caused by acute
coronary syndrome (ACS) due to atherosclerotic changes in
the coronary artery leading to cardiac ischemia [1].

Atherosclerosis is a proliferative-inflammatory disease of
diverse aetiology, which includes a number of pathological
processes affecting the lipid metabolism, cardiovascular and
immune systems [2].

In 2011, Azizova O. et al. have demonstrated that some
metabolic processes (e.g., oxidative phosphorylation, pros-
taglandin synthesis, metabolic pathways involving the cyto-
chrome P, ) are accompanied by free radical formation [3].
The published data have confirmed the key role of oxidative
stress in the development of cardiovascular diseases.

Oxidative stress presents an imbalance of anti- and pro-
oxidant plasma and tissue systems with predominant activity
of the pro-oxidant system [3].

Free radicals attack proteins over the full length of the
polypeptide chain, affecting primary, secondary and tertiary
structures, and causing the molecule aggregation or fragmen-
tation [4].

Serum albumin fulfils the following functions: (1) trans-



protectie antioxidantd si (4) participa in metabolismul NO.
Captarea radicalilor liberi induce modificari oxidative cu pier-
derea functiei de transport a albuminei [4].

Scaderea intensitatii modificarilor oxidative ale lipidelor
si proteinelor reduce riscul complicatiior si previne dezvolta-
rea aterosclerozei, iar dinamica markerilor stresului oxidativ
poate fi utilizata pentru evaluarea atat a starii pacientului cu
ischemie cardiacg, cat si a eficacitatii tratamentului aplicat [3].

Este cunoscut faptul ca diagnosticul ischemiei cardiace se
bazeaza pe simptomele clinice, insotite de modificarile seg-
mentului ST-T pe ECG, care, de reguld, sunt foarte variate si
nespecifice. Ischemia prelungitd, identificata tardiv, provoaca
moartea (necroza) cardiomiocitelor, definita ca infarct mio-
cardic acut (IMA) [5].

Se stie ca pentru identificarea IMA, concomitent cu exa-
menul electrocardiografic (ECG), se utilizeaza testele biochi-
mice, care permit depistarea unor proteine cardiace specifice
in serul pacientului, denumite markeri ai IMA. Markerii clasici
utilizati pentru stabilirea si/sau confirmarea IMA sunt crea-
tinkinaza MB (CK-MB) si troponinele T si [ (TnT/Tnl), ultime-
le sunt considerate ,standardul de aur” in diagnosticul IMA
[1]. Rezultatele prezentate de Chawla si colab. in 2006 arata
ca markerii mentionati ai lezarii celulare (CK-MB, TnT/Tnl)
poseda specificitate si sensibilitate Tnalta, dar nu permit de-
pistarea ischemiei miocardului in absenta necrozei, deci, nu
sunt informativi in primele 2-6 ore de ischemie [5]. Din cauza
tabloului clinic variat, asociat cu o rata inalta a mortalitatii,
identificarea precoce a ischemiei cardiace este cruciala pentru
initierea la timp a tratamentului si orientarea spre un pronos-
tic mai favorabil al bolii.

Scopul cercetarilor contemporane este de a identifica bio-
markeri noi, capabili sa reflecte ischemia miocardului la etapa
initiala, fapt care ar permite prevenirea sau evitarea leziunilor
cardiace ireparabile (necroza) [5].

Material si metode

Studiul a cuprins articolele stiintifice din baza de date Pu-
bMed, publicate in limbile engleza si rusa in perioada 1980-
2017. Pentru selectare, au fost folosite cuvintele-cheie “car-
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diac ischemia”, “oxidative stress”, “ischemia modified albumin”,
“advanced oxidation protein products”, “malonic dialdehyde”.
La necesitate, pentru a preciza unele notiuni, au fost consul-
tate surse suplimentare. Au fost selectate 66 de articole cu
informatie relevanta referitoare la mecanismele de formare,
rolul fiziopatologic si modificarile albuminei ischemic modi-
ficate, produsilor proteici de oxidare avansata si dialdehidei
malonice in ischemia cardiaca indusa de stresul oxidativ. Da-

tele obtinute au fost analizate si sistematizate.

Rezultate

Albumina ischemic modificatd (AIM)

Albumina ischemic modificata (AIM), identificata si descri-
sa pentru prima datd 1n anii 90 ai secolului XX, este un bio-
marker al stresului oxidativ, indus de hipoxie [6], format prin
modificarea capatului N-terminal al albuminei serice [7].

Albumina umana reprezintad o proteind multifunctionala a
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port, (2) maintenance of colloidal-osmotic pressure, (3) anti-
oxidant protection, and (4) participation in NO metabolism.
Free radical capture induces the oxidative changes and loss of
albumin transport function [4].

It was supposed that decreasing the intensity of oxidative
changes in lipids and proteins reduces the risk of complica-
tions and prevents the development of atherosclerosis, and
the dynamics of oxidative stress markers can be used to assess
both the condition of the patient with cardiac ischaemia, and
the effectiveness of the applied treatment [3].

It is well known that the diagnosis of cardiac ischemia is
based on the clinical symptoms, accompanied by changes in
the ST-T segment on ECG, which are usually very varied and
unspecific. Prolonged ischemia, identified lately, causes car-
diomyocytes death (necrosis), defined as acute myocardial
infarction (AMI) [5].

For AMI identification, simultaneously with the electro-
cardiographic examination (ECG), are used the biochemical
tests, which are allowed the detection in the patient’s serum
of specific cardiac proteins, called AMI markers. The classic
markers used to establish and/or to confirm AMI are creatine
kinase MB (CK-MB) and troponins T and I (TnT/Tnl), the lat-
ter are considered the “gold standard” in the AMI diagnosis
[1]. The data presented by Chawla R. et al. in 2006 show that
the noted markers of cell damage (CK-MB, TnT/Tnl) possess
high specificity and sensitivity, but do not allow the detection
of myocardial ischemia in the absence of necrosis, so they are
not informative in the first 2-6 hours of ischemia [5]. Due to
the varied clinical symptoms associated with high mortality
rate, the early identification of cardiac ischemia is crucial for
timely treatment initiation and favourable disease prognosis.

The aim of current researches is to highlight new biomark-
ers capable to detect myocardial ischemia at the initial stage,
which would prevent the development of irreparable cardiac
lesions (necrosis) [5].

Material and methods

The study included the scientific articles available in Eng-
lish and Russian in the PubMed database, published during
1980-2017. The following key words as “cardiac ischemia”,
“oxidative stress”, “ischemia modified albumin”, “advanced oxi-
dation protein products”, and “malondialdehyde” were used
for the selection. If necessary, additional sources have been
searched to clarify some concepts. There were selected 66
articles with relevant information regarding the mechanisms
of formation, pathophysiological role and changes of ischemia
modified albumin, advanced oxidation protein products and
malondialdehyde in cardiac ischemia induced by oxidative
stress. The obtained data were analysed and systematized.

Results

Ischemia modified albumin (IMA)

Ischemia modified albumin (IMA), identified and described
for the first time in the 1990s of the 20™ century, is a biomar-
ker of oxidative stress induced by hypoxia [6], formed by the
modification of N-terminal end of serum albumin [7].
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sangelui, constituita din 585 de resturi de aminoacizi, cu masa
moleculara 66,5 kDa. Se sintetizeaza in cantitdsi mari in ficat
si are perioada de injumatatire egald cu 19-20 de zile [7, 8].
Capatul N-terminal al abuminei participa la neutralizarea spe-
ciilor reactive de oxigen [9] si este locul de fixare al metale-
lor bivalente (cobalt, cupru, nikel) [10, 11]. In 2001, Bar-Or
si colab., au evidentiat ca secventa N-terminald aspartat-ala-
nina-histidina-lizina este responsabila de fixarea Co?*. Modifi-
carea acestui situs prin acetilare sau deletia a trei aminoacizi
micsoreaza capacitatea proteinei de a fixa cobaltul [11].

in studiul efectuat in 2009, s-a demonstrat c3, capatul N-
terminal al albuminei serice este mai putin stabil si usor se
supune degradarii [7]. Conform rezultatelor prezentate, ische-
mia (hipoxia, acidoza, speciile reactive de oxigen (cel mai frec-
vent, radicalul hidroxil [12]), leziunile membranare etc.[13],
modifica secventa N-terminala a albuminei umane, astfel, sca-
de capacitatea ei de a fixa metalele [11, 14]. Kumar si colab., in
2008, au evidentiat ca afectarea oxidativa a capatului N-termi-
nal are un caracter cumulativ pe fundalul reparatiei lente [15].

Mecanismul posibil de formare a AIM a fost studiat si de-
scris in 1986 de catre Marx si colab. [16]. A fost argumenta-
ta ipoteza ca ischemia duce la dezvoltarea acidozei locale si
eliberarea Co?* (legat slab) din situsul de fixare. Prezenta
agentului reducator (de exemplu, acidul ascorbic) va favori-
za reducerea cobaltului bivalent in cobalt monovalent, care,
in continuare, va reactiona cu oxigenul molecular, generand
radicalul superoxid liber si Co?*. Sub actiunea enzimei supero-
xiddismutaza (SOD), radicalul superoxid este transformat in
peroxid de hidrogen, scindat de catalaza. lonul de Co?* format
este imediat captat si fixat (rigid) la capatul N-terminal al al-
buminei serice. Albumina cu Co?* (legat stabil) este atacata de
radicalul hidroxil liber, care provoaca scindarea a trei aminoa-
cizi de la capatul N-terminal si eliberarea ionilor de Co?* [16].
Studiile recente au confirmat partial implicarea mecanismului
mentionat in formarea AIM.

In 2007 s-a descris existenta a trei situsuri diferite de fixare
a metalelor bivalente, doua dintre ele cu o afinitate mai mare
pentru Co?*, comparativ cu situsul N-terminal [17]. Cercetarile
realizate au demonstrat ca legarea acizilor grasi la unul din si-
tusurile descrise are efect alosteric negativ asupra capacitatii
de fixare a Co*:. Este cunoscut faptul, cd ischemia cardiaca
stimuleaza lipoliza. A fost lansata ipoteza ca legarea acizilor
grasi la albumina induce unele modificari conformationale ale
situsului N-terminal, care rezulta In micsorarea capacitatii de
fixare a ionilor de Co?* [17].

Sinha si colab. au evidentiat ca nivelul AIM creste rapid in
ischemia tisularg, atinge varful la 2-4 ore si scade la valorile
initiale peste 6-12 ore [18]. Studiile efectuate au descoperit
o crestere a nivelului seric al AIM peste 6-10 minute de la de-
butul ischemiei cardiace, cu varful la 6 ore si scadere rapida la
nivelul initial peste 12-24 ore [8, 19]. S-a presupus ca reveni-
rea rapida a nivelului AIM la valorile initiale poate fi explicata
atat prin reversibilitatea modificarilor survenite in structura
albuminei la inlaturarea radicalilor liberi [18], degradarea
proteoliticd preponderent a formelor modificate ischemic,
cat si prin clearance-ul renal accelerat, indus de modificarile
conformationale [7].
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Human albumin is a multifunctional blood protein con-
sisting of 585 amino acid residues, with a molecular weight
of 66.5 kDa. It is synthesized in large amount in the liver and
has a half-life of 19-20 days [7, 8]. The N-terminal end of albu-
min participates in the neutralization of reactive oxygen spe-
cies [9] and is the site for attachment of bivalent metals (co-
balt, copper, nickel) [10, 11]. In 2001 Bar-Or D. et al. have re-
vealed that the N-terminal aspartate-alanine-histidine-lysine
sequence is responsible for Co?* binding. Modification of this
site by acetylation or cleavage of three amino acids residues
reduces the ability of the protein to bind the cobalt [11].

The study performed in 2009 demonstrated that the N-ter-
minal end of serum albumin is less stable and easily subject to
degradation [7]. According to the presented results, ischemia
(hypoxia, acidosis, reactive oxygen species, most frequently
the hydroxyl radical [12]), membrane lesions etc. [13] alters
the N-terminal amino acid sequence of human albumin, thus
decreasing the ability to bind the metals [11, 14]. Data pub-
lished by Kumar A. et al. in 2008 showed that the oxidative
damage of the N-terminal end has a cumulative character due
to slow repair [15].

The possible mechanism of IMA formation was studied and
described in 1986 by Marx et al. [16]. They suggested the hy-
pothesis that ischemia leads to the development of local aci-
dosis and the release of Co?* (weakly bound) from the attach-
ment site. The presence of the reducing agent (e.g., ascorbic
acid) will favour the reduction of the bivalent cobalt in mono-
valent one, which will further react with molecular oxygen,
generating the free superoxide radical and Co?*. The enzyme
superoxide dismutase (SOD) converts the superoxide radical
to hydrogen peroxide, which is cleaved by catalase. The Co?*
ion formed is immediately captured and bound (rigidly) at the
N-terminus of serum albumin. Albumin with tightly bound
Co? is attacked by the free hydroxyl radical, which leads to the
cleavage of three amino acids residues at the N-terminus and
the release Co** ions [16]. Recent studies have partially con-
firmed the involvement of the described mechanism in IMA
formation.

In 2007, there were described three different binding sites
for bivalent metals, two of them with a higher affinity for Co?*
as compared to the N-terminal site [17]. The performed stud-
ies have shown that attachment of the fatty acids to one of the
described sites exhibits a negative allosteric effect on the ca-
pacity of Co?*binding. It is known that cardiac ischemia stim-
ulates lipolysis. There was hypothesized that the fatty acids
binding to the albumin induces some conformational modifi-
cations of the N-terminal site, resulting in a decrease in the
ability to fix the Co?* [17].

The data published by Sinha et al. confirmed that the IMA
level increased rapidly in tissue ischemia, reached the peak at
2-4 hours, and decreased to baseline in 6-12 hours [18]. Recent
studies have found an increase of serum IMA in 6-10 minutes
after onset of cardiac ischemia, with a peak at 6 hours and a
rapid decline to the initial level in 12-24 hours [8, 19]. It was as-
sumed that the rapid return of IMA to the baseline values can be
explained by the reversibility of the albumin structure changes
in the free radical removal [18]; the predominant proteolytic



Continutul plasmatic al AIM se modifica mai rapid decat
nivelul troponinelor cardiace (TnT si Tnl), creatinkinazei MB
si peptidelor natriuretice (A si B) [19]. Totodatd, AIM poseda o
sensibilitate mai inalt3, insa specificitate mai joasa [14], com-
parativ cu examenul ECG si TnT in diagnosticul SCA [20]. S-a
demonstrat cd nivelul seric al AIM reflectd amploarea si durata
ischemiei cardiace [19].

Cresterea AIM poate fi provocata de spasmul arterelor co-
ronare [20]. In 2007 s-a propus evaluarea nivelului seric al
AIM in calitate de biomarker al ischemiei cardiace tranzitorii,
induse de coronarospasm [21].

Nivelele serice ale AIM pot fi utilizate in prognosticul bolii
[22]. S-a demonstrat asocierea nivelului ridicat al AIM si TnT
la internare cu riscul sporit (21%) al complicatiilor cardiace
la pacientii cu durere toracica acuta [23]; AIM s-a manifestat
drept factor de prognostic slab pentru complicatiile cardiace
precoce (primele 72 de ore) [24], ins3, in 2007, Aparci si co-
lab., au argumentat utilizarea AIM 1in calitate de factor de pro-
gnostic pe termen lung [25].

S-a sugerat ca AIM nu este un biomarker strict specific mi-
ocardului [26]. Valori crescute de AIM se intdlnesc in diabet,
hipertensiune arteriald, ateroscleroz3, ciroza hepatica, infectii
acute, neoplasme, ictus, boli renale [7, 27].

in probele de sange colectate, AIM este stabili pani la 2 ore
la temperatura de +4 - +20°C, si poate fi pastrata in congelator
la temperatura de -20°C [25].

in 2003, FDA (Food and Drug Administration) a aprobat
evaluarea AIM 1n algoritmul de diagnostic si tratament al IMA
[7]- Conform ultimelor date, AIM este unicul parametru de
identificare a ischemiei, ajuns la etapa de validare clinica [28].

Produsi proteici de oxidare avansatd (PPOA)

Produsii proteici de oxidare avansata (PPOA) sunt biomar-
kerii leziunilor ireversibile ale proteinelor, cauzate de stresul
oxidativ [6], care se formeaza la interactiunea proteinelor
plasmei cu oxidantii ce contin clor, precum cloramina, acid hi-
pocloric (HOCI) [2].

S-a descoperit ca PPOA reprezinta derivatii albuminelor se-
rice, la care se refera ditirozina (di-Tyr), pentozidina si produsii
proteici carbonil (C=0 reactivi) [29]. Produsii mentionati se
formeaza in stres oxidativ atat sub actiunea speciilor reactive
de oxigen, cat si prin reactia catalizata de mieloperoxidaza [2].
in 2011, Miyata si colab. confirma ca, carbonilarea proteinelor
este cauzata de: (1) oxidarea directa a resturilor de lizina, ar-
gining, prolina si treoning; (2) actiunea radicalilor liberi; (3)
reactiile neoxidative ale lipidelor oxidate de grupele carbonil
[30]. Autorii Stadtman si Levine au mentionat ca scindarea
proteinelor, alfa-aminarea si oxidarea resturilor de glutamina
reprezinta o cale alternativa de formare a compusilor carbonil
(C=0) [31]. In 2014, Zurawska-Plaksej si colab., au stabilit ca
nivelul PPOA creste atat in rezultatul actiunii directe a specii-
lor de oxigen reactive (oxidarea radicalilor aminoacizilor), cat
si al rearanjarii structurale (formarea puntilor bisulfidice si a
legaturilor Incrucisate) [6].

Este cunoscut faptul ca sinteza sporita a speciilor reacti-
ve de oxigen In mitocondrii activeaza cadile pro-inflamatorii si
afecteaza atat structura lipidelor si proteinelor, cat si activita-
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degradation of ischemia modified forms, and by accelerated re-
nal clearance induced by conformational changes [7].

Plasma IMA content changes earlier than cardiac tropon-
ins (TnT and Tnl), creatine kinase MB, and natriuretic pep-
tides (A and B) levels [19]. At the same time, IMA has a higher
sensitivity but lower specificity [14], compared to the ECG and
TnT evaluation in acute coronary syndrome diagnosis [20]. It
has been shown that serum level of IMA reflects the extent and
duration of cardiac ischemia [19].

IMA increasing may be caused by coronary artery spasm
[20]. It was proposed in 2007 to evaluate the serum level of
IMA as a biomarker of transient cardiac ischemia induced by
coronary spasm [21].

Serum levels of IMA can be used for the disease progno-
sis [22]. It was established the association of high IMA and
TnT levels at admission with increased risk (21%) of cardiac
complications in the patients with acute chest pain [23]. IMA
presented as a poor prognostic factor for early cardiac compli-
cations (the first 72 hours) [24], but in 2007 Aparci et al. have
motivated the using of IMA as a long-term prediction factor
[25].

It has been suggested that IMA is not a specific myocardial
biomarker [26]. Increased IMA values can be detected in dia-
betes, hypertension, atherosclerosis, liver cirrhosis, acute in-
fections, neoplasms, stroke, and kidney diseases [7, 27].

In the collected blood samples, the IMA is stable for up to
2 hours at +4-20°C, and can be stored in the freezer at -20°C
[25].

In 2003, the Food and Drug Administration (FDA) approved
the IMA evaluation in the algorithm for acute myocardial inf-
arction diagnosis and treatment [7]. According to the current
data, the IMA is the only parameter for myocardial ischemia
identification reached to the clinical validation stage [28].

Advanced oxidation protein products (AOPP)

Advanced oxidation protein products (AOPP) are the bio-
markers of irreversible protein damage caused by oxidative
stress [6], which are formed by the interaction of plasma pro-
teins with chlorine-containing oxidants such as chloramine,
hypochlorous acid (HOCI) [2].

It has been described that AOPP are the derivatives of se-
rum albumin, which includes dithyrosine (di-Tyr), pentosidine
and reactive carbonyl compounds [29]. These products are
formed in oxidative stress both under the action of reactive
oxygen species, and by the reaction catalysed by myeloperoxi-
dase [2]. According to the data presented in 2011 by Miyata et
al. the protein carbonylation is caused by: (1) direct oxidation
of lysine, arginine, proline and threonine residues; (2) action
of free radicals; (3) non-oxidative reactions of lipids oxidized
by carbonyl groups [30]. Stadtman and Levine (2003) have
noted that protein cleavage, alpha-amination and oxidation of
glutamine residues represent an alternative pathway for the
formation of carbonyl compounds [31]. In 2014, Zurawska-
Plaksej et al. have confirmed that AOPP content increases as
the result of the direct action of reactive oxygen species (oxi-
dation of amino acid radicals), as well as structural rearrange-
ment (formation of disulphide bridges and cross-links) [6].
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tea enzimelor [30]. Totodata, stresul oxidativ este asociat cu
activitatea crescutd a metaloproteinazelor [32]. S-a demon-
strat ca diferite tipuri de reactii de oxidare se petrec simultan,
astfel radicalii aminoacizilor din componenta proteinelor sunt
oxidati cu intensitate variata, fapt care duce la modificarea
masei moleculare [33].

Experimental s-a confirmat faptul ca modificarile oxidative
ireversibile genereaza produsi care se scindeaza mai greu si
au perioada de Injumatatire mai lunga [33]. Publicatiile arata
ca PPOA sunt stabili la temperatura de -20°C -80°C si pot fi
pastrati timp de 6 luni. Perioada de injumatatire lunga le asi-
gura proteinelor modificate proprietati de biomarker al stre-
sului oxidativ. Studiile recente au descoperit ca la degradarea
proteinelor oxidate participa sistemul proteosomal, capabil sa
recunoasca si scindeze proteinele modificate ireversibil [33].
Datorita faptului ca mecanismul mentionat este caracteris-
tic celulelor localizate in tesuturi si nu celor circulante, unii
savanti au presupus ca sporirea nivelului seric de PPOA este
provocata de acumularea proteinelor modificate atat din cau-
za degradarii defecte, cat si eliminarii lente [2].

Stresul oxidativ si inflamatia provoaca acumularea PPOA si
accelereaza aterogeneza [34]. Experimental a fost confirmat
ca PPOA pot fi utilizati pentru evaluarea intensitatii stresului
oxidativ, fiind biomarkeri veridici care reflecta modificarile
proteinelor in maladiile aterosclerotice [2].

Acumularea PPOA constituie o baza moleculara noua
pentru inducerea stresului oxidativ, care, ulterior, are un rol-
cheie in aterogenezi [35]. in 2014, Piwowar a demonstrat ci
actiunea detrimentala a PPOA poate fi explicatd atat prin al-
terarea directd, Insotita de modificari functionale a moleculei
proteice, cat si prin activarea receptorilor tip RAGE, localizati
pe suprafata macrofagilor/monocitelor, celulelor endoteliaile
si vasculare, care declanseaza cdile de semnalizare mediate
prin protein-kinaza mitogen activata (MAPK) si factorul nu-
clear kappa-B (NF-kB) [36].

Efectul pro-apoptotic al PPOA a fost stabilit experimen-
tal si s-a descris mecanismul posibil [37]. PPOA, prin inter-
mediul receptorilor specifici, stimuleaza sinteza radicalilor
superoxid NOX2- si NOX4-dependentd, urmata de activarea
caii TRAF3IP2, translocarea in mitocondrie a factorului Bax,
eliberarea citocromului c si activarea cascadei caspazice [37].
Este cunoscut faptul c3, in stresul oxidativ, speciile reactive de
oxigen activeaza factorul nuclear kappa B (NF-kB), care induce
trancriptia unor mediatori pro-inflamatori cu efect pro-atero-
genic, in special, datorita declansarii oxidarii LDL, recrutarea
leucocitelor si proliferarea celulelor musculare netede. Cerce-
tarile recente sugereaza ca PPOA reprezintd un factor de risc
care contribuie la initierea si progresarea bolii ischemice a
cordului [37].

PPOA accelereaza oxidarea LDL si formarea de oxLDL, care
joaca un rol important in dezvoltarea aterosclerozei [38]; con-
comitent, PPOA declanseaza explozia oxidativd a monocitelor
si neutrofilelor umane [39].

Descamps-Latscha si colab., au confirmat ca nivelul PPOA
coreleaza cu accidentele cardiovasculare aterosclerotice [40],
precum si cu bolile coronariene [41]. A fost demonstrat ex-
perimental ca nivelul seric crescut de PPOA majoreaza sem-
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It is known that an increased synthesis of reactive oxygen
species in mitochondria activates pro-inflammatory pathways
and affects the lipid and protein structure, as well as enzyme
activity [30]. Also, oxidative stress is associated with the in-
creased activity of metalloproteinases [32]. It was shown that
different types of oxidation take place simultaneously, so the
amino acid radicals in the protein composition are oxidized
with varying intensity, which leads to the molecular weight
modification [33].

It was established experimentally that irreversible oxida-
tive changes generate products that are more difficult to cleave
and have a longer half-life time [33]. The published data show
that AOPPs are stable at -20°C to -80°C, and can be stored for
6 months. The long half-life time provides to the modified pro-
tein the typical properties as the biomarker of oxidative stress.
Recent studies have found that the degradation of oxidized
proteins involves the proteasome system, able to recognize
and cleave irreversibly modified proteins [33]. Giving the fact
that the described mechanism is characteristic mainly for the
tissue cells rather than circulating ones, some scientists have
suggested that the increase in serum AOPP content is caused
by the accumulation of modified proteins due to both altered
degradation and slow elimination [2].

Oxidative stress and inflammation leads to the AOPP accu-
mulation, and accelerate atherogenesis [34]. It was confirmed
experimentally that AOPP can be used to assess the intensity of
oxidative stress, being reliable biomarkers that reflect protein
damage in atherosclerotic diseases [2].

The accumulation of AOPP represents a new molecular ba-
sis for the oxidative stress induction, which subsequently plays
a key role in atherogenesis [35]. Data presented by Piwowar
(2014) have shown that the detrimental action of AOPP can
be explained by: (1) the direct alteration of the protein mol-
ecule, followed by functional changes; (2) the RAGE receptors
activation, which triggers the signalling pathways mediated by
the mitogen activated protein kinase (MAPK) and the nuclear
factor kappa-B (NF-kB) [36].

Experimentally was confirmed the pro-apoptotic effect of
AOPP, and the possible mechanism was described [37]. Ac-
cording to the data presented, AOPP stimulate the synthesis
of NOX2- and NOX4- dependent superoxide radicals, followed
by the activation of the TRAF3IP2 pathway, mitochondrial Bax
translocation, cytochrome c release, and caspase cascade ac-
tivation [37]. It is known that in oxidative stress the reactive
oxygen species activate nuclear factor kappa-B (NF-kB), which
stimulates the transcription of pro-inflammatory mediators
with pro-atherogenic effect, responsible for LDL oxidation,
leukocyte recruitment and smooth muscle cell proliferation.
Recent studies suggest that AOPP is a risk factor that contrib-
utes to the ischemic heart disease onset and progression [37].

AOPP accelerate LDL oxidation and the formation of oxLDL,
which has an important role in the development of atheroscle-
rosis [38]; simultaneously AOPP trigger the oxidative burst in
human monocytes and neutrophils [39].

The research performed by Descamps-Latscha et al. has
confirmed that AOPP content correlates with atherosclerotic
cardiovascular accidents [40], and coronary artery diseases



nificativ suprafata placilor aterosclerotice [38]; continutul
plasmatic al PPOA coreleaza semnificativ cu nivelele serice ale
glucozei [6], HDL-colesterolului si trigliceridelor [42].

PPOA sunt factori pro-oxidativi importanti, cu efectele ca-
racteristice mediatorilor inflamatiei; s-a evidentiat corelatia
dintre nivelele serice ridicate ale PPOA si cresterea cantitatii
factorului de necroza tumorald alfa (TNFa) in plasma [38].

Acumularea PPOA declanseaza stresul oxidativ si infla-
matia, care, in continuare, induc generarea PPOA prin stimu-
larea leucocitelor si producerea in exces a oxidantilor; astfel,
sunt amplificate stresul oxidativ si inflamatia, care contribuie
la aterogeneza [38]. PPOA reprezinta atat biomarkeri ai lezarii
proteinelor, induse de agenti oxidanti, cat si inductori posibili
ai stresului oxidativ [43].

Stresul oxidativ are un rol determinant in leziunile induse
de hipoxie-ischemie, manifestate prin generarea, in exces, a
speciilor reactive de oxigen [44], care vor reactiona cu majo-
ritatea macromoleculelor, preponderent fiind afectate protei-
nele [6]. Modificarile oxidative ale proteinelor sunt cardinale
in patogenia si evolutia maladiilor metabolice [45], inclusiv,
obezitate, diabet zaharat, dislipidemie, hipertensiune arteria-
13, ateroscleroza [46], boli ischemice, neoplasme [47].

Savantii demonstreaza rolul PPOA 1n procesele inflama-
torii, regenerative, de adaptare si transductia intracelulara a
semnalelor [44], precum si in calitate de biomarkeri veridici
ai stresului oxidativ care reflecta gradul de lezare al proteine-
lor [36].

Dialdehida malonicda (DAM)

Procesul de peroxidare a lipidelor, indus de catre oxidanti
si stresul oxidativ, genereaza o cantitate enorma de produsi,
inclusiv, produsi carbonil, cetone si aldehide [48].

n 2013, Volinsky si Kinnuen au stabilit ci rata joasi de pe-
roxidare stimuleaza mecanismele de supravietuire celulara,
sistemele de protectie antioxidanta si raspunsul de adaptare
la stres prin activarea in citosol a factorului nuclear eritroid
2 (Nrf2) [49]. Dupa translocarea in nucleu, Nrf2 se uneste la
promotorul genelor specifice si induce expresia enzimelor sis-
temului antioxidant (catalaza, glutation peroxidaza, glutation
reductaza, glutation-S-transferaza etc.) [50].

Ratele medii sau Tnalte de peroxidare a lipidelor activeaza
factorul nuclear kappa B (NF-kB), care declanseaza un ras-
puns pro-inflamator, mediat prin expresia genelor care codifi-
ca TNFa si interleukina 6 (IL-6) [51] siinduc moartea celulara
prin necroza, apoptoza sau autofagie [52], mecanisme care fa-
ciliteaza dezvoltarea proceselor patologice si/sau accelereaza
imbatranirea [49].

Esterbauer si colab., au constatat ca dialdehida malonica
(DAM) este produsul final, format atat la peroxidarea enzima-
tica, cat si neenzimatica a acidului arahidonic si acizilor grasi
polinesaturati cu catena lunga [53]. Se mentioneaza ca, DAM
chimic este mai stabila si difuzeaza mai usor prin membrane;
totodatd, este mai putin toxicd, comparativ cu speciile reacti-
ve de oxigen. in 2013, Pizzimenti a argumentat ca DAM este o
molecula electrofila cu reactivitate joasa la pH fiziologic [54].
Experimental, a fost apreciat faptul ca scaderea valorilor pH
mareste reactivitatea si proprietatile electrofile ale DAM, fa-
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[41]. Experimentally was demonstrated that high serum lev-
els of AOPP significantly increase the surface of atherosclerot-
ic plaques [38]. Recent studies have found that blood plasma
AOPP content correlates with glucose [6], HDL-cholesterol
and triglycerides levels [42].

According to the published data, AOPPs are important pro-
oxidative factors with the typical effects typical for inflamma-
tion mediators. The recent studies have revealed a correlation
between high AOPP levels and rising amount of tumour necro-
sis factor alpha (TNFa) in blood plasma [38].

AOPP accumulation triggers oxidative stress and inflam-
mation, which in turn induce AOPP formation by leukocyte
stimulation and excess oxidant production, thereby ampli-
fying oxidative stress and inflammation that contribute to
atherogenesis [38].

The data presented by Descamps-Latscha et al. (2001) show
that AOPP represent both the biomarkers of oxidative-induced
protein damage, and the possible inductors of oxidative stress
[43].

Oxidative stress plays an important role in hypoxia-
ischemia-induced lesions, manifested by excess reactive oxy-
gen species generation [44] that will react with the most of
the macromolecules, predominantly affecting the proteins [6].
The oxidative protein changes play an important role in the
pathogenesis and evolution of the metabolic diseases [45], in-
cluding obesity, diabetes, dyslipidaemia, hypertension, athero-
sclerosis [46], ischemic diseases, and neoplasm [47].

The published data by Valle-Gotlieb (2010) demonstrate
the AOPP role in inflammatory, regenerative, adaptive and in-
tracellular signal transduction [44].

Recently was confirmed AOPP usage as the reliable bi-
omarker of oxidative stress that reflects the degree of protein
damage [36].

Malondialdehyde (MDA)

The lipid peroxidation process, induced by oxidants and
oxidative stress, generates a huge amount of compounds in-
cluding carbonyl products, ketones and aldehydes [48].

In 2013, Volinsky and Kinnuen have established that the
low peroxidation rate stimulates cell survival mechanisms,
antioxidant protection systems, and stress response by acti-
vating in cytosol the nuclear erythroid factor 2 (Nrf2) [49].
After translocation into the nucleus, Nrf2 attaches to the pro-
moter region of the specific genes, and induces the antioxidant
system enzymes expression (catalase, glutathione peroxidase,
glutathione reductase, glutathione-S-transferase etc.) [50].

Medium or high lipid peroxidation rates activate the nu-
clear factor kappa B (NF-kB), which triggers a pro-inflamma-
tory response mediated by expression of the genes encoding
TNFa and interleukin 6 (IL-6) [51], and induces cell death by
necrosis, apoptosis or autophagy [52], mechanisms that facili-
tate the development of pathological processes and accelerate
aging [49].

In the study, Esterbauer et al. (1991) have shown that
malondialdehyde (MDA) is the final product formed via en-
zymatic or non-enzymatic peroxidation of arachidonic acid
and other long chain polyunsaturated fatty acids [53]. It was
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vorizeaza atacul compusilor nucleofili care contin lizing, argi-
ning, histiding, cu formarea bazelor Schiff (mecanism implicat
in oxidarea LDL). Datele prezentate arata ca, complexele DAM
provoaca aparitia legaturilor incrucisate inra- sau intermole-
culare si lezarea ireversibila a functiei ADN sau proteinelor
[54].

Sunt mentionate proteinele modificate sub actiunea DAM:
(1) factorul de elongare 2 (eEF2), responsabil de deplasarea
ribosomei de-a lungul ARNm; (2) factorul H (FH), care parti-
cipa la reglarea procesului de activare a complementului; (3)
anafilotoxina C, - componenta pro-inflamatorie a complemen-
tului cu rol pro-aterogenic, (4) proteinkinaza C (PKC), implica-
ta in procesele de proliferare, diferentiere, migrare, inflamatie
si organizare a citoscheletului [55].

Studiile experimentale au elucidat rolul DAM ca fiind o
moleculd de semnalizare si reglatorie in: (1) expresia genelor;
(2) secretia insulara a insulinei, dependenta de glucoza (calea
Wnt); (3) expresia genelor de colagen in hepatocite, prin indu-
cerea genei proteinei de specificitate 1 (Sp1) [53]. Cercetarile
efectuate de Zarkovic si colab., au argumentat ca DAM, gene-
ratd, preponderent, pe calea neenzimaticd, va reactiona si va
forma complexe diferite cu proteinele si ADN [55]; complexele
DAM provoaca aparitia mutatiilor (extinse si/sau punctifor-
me) [56], rupturi catenare [57], oprirea ciclului celular [58],
apoptoza [59].

Griesser si colab. (2009), au descoperit ca, in vivo, DAM
poate fi generata enzimatic ca si produs secundar la biosin-
teza tromboxanului A, [60]. S-a definitivat ipoteza ca acidul
arahidonic este precursorul principal la sinteza DAM pe calea
neenzimatica, dependenta de speciile reactive de oxigen [61].
DAM poate fi metabolizata enzimatic atat prin oxidare, sub
actiunea aldehid-dehirogenazei mitocondriale, generand, suc-
cesiv, acetaldehidd, acetat, bioxid de carbon si apa [62], cat si
sub actiunea fosfogluco-izomerazei citosolice, cu formare de
metilglioxal, care va fi transformat in D-lactat, cu participarea
enzimelor sistemului glioxalazic [63].

Este cunoscut faptul ca DAM este cel mai mutagen produs
al peroxidarii lipidelor [53]; DAM difuzeaza usor prin mem-
brane si modifica covalent proteinele din citosol si/sau nucleu
[48].

DAM interactioneaza cu resturile de lizind din apoB, ne-
cesare pentru recunoasterea LDL de catre receptorul specific
apoB/E, localizat pe suprafata celulelor (cu exceptia macrofa-
gilor). Oxidarea LDL le modificd afinitatea pentru receptorii
apoB/E, astfel, oxLDL sunt captate doar de catre celulele ce
poseda receptori de tip “scavenger” (macrofagi, celule mus-
culare netede), cu formarea celulelor spumoase si aparitia le-
ziunilor aterosclerotice initiale [64]. Un alt studiu a elucidat
proprietatile aterogene ale oxLDL si rolul lor in procesele in-
flamator, mitogen si pro-apoptotic [65].

S-a stabilit utilitatea determinarii DAM atat in calitate de
marker al evolutiei procesului aterosclerotic, cat si drept indi-
cator de prognostic al bolilor cardiovasculare, inclusiv, sindro-
mul coronar acut [66]. Multiple studii clinice argumenteaza
faptul ca dinamica DAM serica coreleaza cu evolutia nefavo-
rabila a bolii [3].
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mentioned that MDA chemically is more stable and diffuses
more easily through membranes; also, it is less toxic in com-
parison to reactive oxygen species. Pizzimenti in 2013 demon-
strated that MDA is an electrophile molecule with low reactiv-
ity at physiological pH [54]. Experimentally was proven that
lowering pH values increases the reactivity and electrophile
properties of MDA, supporting the attack of nucleophilic com-
pounds (abundant in lysine, arginine, histidine), and Schiff
bases formation (mechanism involved in LDL oxidation). The
presented data have shown that MDA adducts induce intra- or
intermolecular cross-links, and damage irreversibly the DNA
and protein function [54].

The proteins modified by MDA are: (1) elongation factor
2 (eEF2) - responsible for the ribosome movement along
mRNA; (2) factor H (FH) - involved in the complement activa-
tion process regulation; (3) anaphylaxin C3 - the pro-inflam-
matory and pro-atherogenic component of the complement,
(4) protein kinase C (PKC) - involved in the proliferation, dif-
ferentiation, migration, inflammation, and the cytoskeleton
organization processes [55].

Experimental studies confirmed that MDA acts as signal-
ling molecule and regulator the following processes: (1) gene
expression; (2) glucose dependent insulin secretion (Wnt
pathway); (3) collagen genes expression in hepatocytes by
inducing protein specificity 1 gene (Sp1) [53]. In the recent
studies Zarkovic et al. have established that MDA, generated
predominantly by the non-enzymatic pathway, will react and
form different adducts with proteins and DNA [55]. The MDA
adducts induce different types of mutations [56], catenary
ruptures [57], cell cycle arrest [58], and apoptosis [59].

In 2009, Griesser et al. have found that in vivo MDA can
be enzymatically generated as secondary product in thrombo-
xane A, synthesis [60]. The hypothesis that arachidonic acid is
the main precursor for MDA synthesis via the non-enzymatic
free radical dependent pathway was confirmed [61]. MDA
can be metabolized enzymatically by: (1) the oxidation under
the action of mitochondrial aldehyde-dehydrogenase, succes-
sively generating acetaldehyde, acetate, carbon dioxide and
water [62]; (2) under the action of cytosolic phosphoglucose
isomerase, forming methylglyoxal, which will be converted to
D-lactate by the glyoxalase system enzymes [63].

Itis known that MDA is the most mutagenic product of lipid
peroxidation [53], easily diffuses through the membranes and
covalently modifies the cytosolic and nuclear proteins [48].

There have been shown that MDA interacts with lysine res-
idues from apoB, which are necessary for the LDL recognition
by the apoB/E specific receptor, located on the cell surface (ex-
cept macrophages). The oxidation of LDL modifies the affinity
for apoB/E receptors, so oxLDL is captured only by the cells
that possess “scavenger” receptors (macrophages, smooth
muscle cells), and it leads to the foamy cells formation and
initial atherosclerotic lesions occurrence [64]. Another study
confirmed the atherogenic properties of oxLDL and its role in
inflammatory, mitogen and pro-apoptotic processes [65].

It has been reasoned the usefulness of MDA determination
both as a marker of the atherosclerotic process evolution, and
as the prognostic indicator of cardiovascular diseases, includ-



Concluzii

Stresul oxidativ are un rol important in aparitia si dezvol-
tarea aterosclerozei si bolilor cardiovasculare. Speciile reacti-
ve de oxigen, generate pe cale enzimatica si/sau neenzimatica,
ataca proteinele serice si lipidele membranare, accelerand for-
marea si acumularea unor compusi oxidativ modificati. Albu-
mina ischemic modificata (AIM) si produsii proteici de oxidare
avansata (PPOA) sunt derivatii albuminei serice si reflecta gra-
dul de lezare a proteinelor in ischemie si stres oxidativ. Dial-
dehida malonica (DAM), produsul final al peroxidarii lipidelor,
are propietiti mutagene si aterogene. In ischemia cardiaci au
loc modificarea cantitatii de AIM, PPOA si DAM serice, fapt ce
argumenteaza utilizarea lor in calitate de biomarkei veridici ai
ischemiei miocardului, indusa de stres oxidativ.
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ing acute coronary syndrome [66]. Multiple clinical trials have
confirmed that serum MDA dynamics correlate with unfavour-
able disease progression [3].

Conclusions

Oxidative stress plays an important role in the atheroscle-
rosis and cardiovascular disease occurrence and develop-
ment. The reactive oxygen species generated enzymatically
and/or non-enzymatically, attacks the serum proteins and cell
membrane lipids, causing the oxidized compounds formation
and their accumulation. Ischemia modified albumin (IMA) and
advanced oxidation protein products (AOPP) are the serum al-
bumin derivatives that reflect the degree of protein damage
in ischemia and oxidative stress. Malondialdehyde (MDA), the
final product of lipid peroxidation, has mutagenic and athero-
genic properties. Cardiac ischemia causes IMA, AOPP and MDA
serum level modifications, which confirm their usage as the
contemporary biomarkers of myocardial ischaemia induced
by oxidative stress.
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