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Cuvinte cheie

Insuficenta cardiaca, fier, chelare, inflamatie.

STADIUL ACTUAL AL CUNOASTERII

Introducere

Patologia cardiaca si homeostazia fierului sunt domenii interconectate de studiu cu implicari
semnificative in domeniul sanatatii cardiovasculare. Aceasta teza ofera o prezentare succinta a
relatiei complexe dintre patologia cardiaca si metabolismul fierului, aducand in atentie
mecanismele subiacente si implicatiile acestora pentru managementul clinic.

Homeostazia fierului in functia cardiaca

Fierul joacd un rol crucial in mentinerea functiei cardiace optime. Tn interiorul cardiomiocitelor,
fierul este esential pentru functionarea adecvata a mitocondriilor, productia de energie si
contractilitatea. Proteinele reglatoare ale fierului, precum proteinele de legare a elementelor
sensibile la fier (IRPs) si receptorii de transferina, joaca roluri cheie in mentinerea echilibrului
fierului Tn aceste celule.

Metabolismul fierului este strans reglementat la nivel sistemic si celular. La nivel sistemic,
hormonul hepcidina este reglatorul principal al homeostaziei fierului. Hepcidina controleaza
absorbtia fierului, reciclarea si eliberarea din depozitele de fier, mentinand astfel echilibrul
global al fierului in organism. Expresia hepcidinei este influentata de diferiti factori, inclusiv de
hipoxie, inflamatie si activitatea eritropoietica.

La nivel celular, captarea si utilizarea fierului sunt reglementate de proteine si transportatori
specifici. Endocitoza mediata de receptorul de transferrina faciliteaza captarea fierului in celule,
in timp ce proteinele de stocare a fierului intracelular, precum ferritina, sechestreaza excesul de



fier. Transportatorii de fier, cum ar fi transportatorul metalului divalent 1 (DMT1) si ferroportina,
reglementeaza miscarea fierului prin membranele celulare. Deregularea acestor mecanisme
poate perturba homeostazia fierului si poate duce la consecinte patologice.

Abordari diagnostice pentru evaluarea statusului fierului

Evaluarea precisa a statusului de fier este esentiala pentru diagnosticul si gestionarea
patologiilor cardiace asociate cu dereglarea fierului. Parametrii traditionali ai fierului seric,
inclusiv fierul seric, saturarea transferinei si nivelurile de feritina, sunt utilizate Tn mod obisnuit,
dar au limitari in reflectarea cu precizie a nivelurilor de fier tisular cardiac.

Dismetabolismul fierului si patologia cardiaca

Dezechilibrele de fier pot avea efecte profunde asupra structurii si functiei cardiace, contribuind
la dezvoltarea diverselor patologii cardiace. Supraincarcarea de fier, cunoscuta si sub denumirea
de hemocromatoza, poate rezulta din tulburari genetice precum hemocromatoza ereditara sau
din conditii dobandite, cum ar fi suprasarcina de fier transfuzionala. Excesul de fier promoveaza
stresul oxidativ, disfunctia mitocondriala, inflamatia si remodelarea cardiaca, contribuind la
dezvoltarea miocardiopatiilor, insuficientei cardiace, aterosclerozei si leziunii de ischemie-
reperfuzie.

Deficitul de fier, o deficienta nutritionala comuna la nivel mondial, afecteaza functia cardiaca
prin afectarea respiratiei mitocondriale si a productiei de energie. Nivelele inadecvate de fier
compromit contractilitatea cardiomiocitelor, conducand la insuficienta cardiaca, aritmii si
reducerea tolerantei la efort. Anemia prin deficit de fier, caracterizata prin niveluri scazute de
hemoglobina datorate unui aport insuficient de fier, poate agrava si mai mult aceste manifestari
cardiace.

Interventii terapeutice

Gestionarea dismetabolismului fierului este cruciala pentru atenuarea patologiei cardiace si
mentinerea functiei cardiace. Interventiile terapeutice specifice depind de faptul daca pacientul
prezinta supraincarcare sau deficit de fier.

Pentru pacientii cu supraincarcare de fier, terapia de chelatare a fierului este modalitatea
principala de tratament. Agonistii de chelatare, cum ar fi deferoksamina, deferiprona si



deferasiroxul, se leaga de excesul de fier si faciliteaza excretia acestuia din organism.
Monitorizarea regulata a nivelurilor de fier cardiac utilizand rezonanta magnetica nucleara
(RMN) ghideaza momentul si dozajul adecvat al terapiei de chelatare a fierului.

Tn cazurile de deficit de fier, suplimentarea cu fier este pilonul principal al tratamentului.
Preparatele de fier administrate oral sau intravenos reinnoiesc depozitele de fier, imbunatatind
functia cardiaca si starea generala de bine. Optimizarea nivelurilor de fier la pacientii cu
insuficienta cardiaca a demonstrat rezultate promitatoare in reducerea simptomelor,
imbunatatirea capacitatii de efort si imbunatatirea calitatii vietii.

Perspective viitoare si provocari

Cu toate ca s-au inregistrat progrese semnificative in intelegerea relatiei complexe dintre
patologia cardiaca si homeostazia fierului, rdman numeroase provocari si directii pentru
cercetarea viitoare. Complexitatea mecanismelor de reglare a fierului, influenta factorilor
genetici si interactiunea dintre metabolismul fierului si alte cdi biologice necesita studii
cuprinzatoare.

Concluzie

n concluzie, interactiunea complex3 dintre patologia cardiac3 si homeostazia fierului are
implicari semnificative in domeniul sdnatatii cardiovasculare. Intelegerea mecanismelor
subiacente si a consecintelor dereglarii fierului este cruciald pentru imbunatatirea tehnicilor de
diagnostic, interventiilor terapeutice si strategiilor de gestionare. Eforturile continue de
cercetare, utilizand modalitati avansate de diagnostic, colaborari multidisciplinare si analize de
date masive, vor deschide calea pentru medicina personalizata si rezultate mai bune pentru
pacientii cu patologii cardiace asociate cu dereglarea fierului.



CONTRIBUTIA PERSONALA

Introducere:

Bolile cardiovasculare (BCV) raman o cauza principala de morbiditate si mortalitate la nivel
mondial. Tntelegerea mecanismelor subiacente si identificarea strategiilor terapeutice eficiente
sunt cruciale pentru combaterea acestui provocari globale de sanatate. Metabolismul fierului a
devenit un factor semnificativ in fiziopatologia BCV, iar modelele animale ofera informatii
valoroase cu privire la interactiunea complexa dintre homeostazia fierului si sanatatea
cardiovasculara.

Studiile prezentate Tn aceasta teza abordeaza necesitatea investigatiilor privind terapia de
chelatare a fierului Tn afectiunile cardiovasculare acute si cronice. Prin stabilirea modelelor
animale care reflecta scenarii clinice si evaluarea eficacitatii chelatorului de fier DFP, aceste
studii contribuie la intelegerea beneficiilor potentiale ale redistribuirii intracelulare a fierului in
boala cardiaca.

Studiu 1: Modelul de stres cardiac cronic

Primul studiu si-a propus sa stabileasca un model cronic de stres cardiac sustinut care sa reflecte
datele clinice privind BCV. Au fost evaluate diverse abordari, inclusiv inductia farmacologica si
tehnici de suprasarcina cardiaca chirurgicala. Izoproterenolul (ISO), un stimulant beta-adrenergic
non-selectiv, a fost utilizat pentru a simula ischemia miocardica acuta, in timp ce ligatura aortica
(AoC) a indus hipertrofie cardiaca. Obiectivul a fost dezvoltarea unui model coerent care sa
reproduca schimbarile biochimice, functionale si anatomice observate la pacientii umani cu BCV.
Studiul a evidentiat importanta selectarii unor modele animale adecvate pentru a reprezenta in
mod exact fenotipurile clinice si pentru a facilita traducerea descoperirilor experimentale in
aplicatii umane.

Studiu 2: Deferiprona si stres miocardic acut

Al doilea studiu a investigat utilizarea deferipronei (DFP), un chelator oral de fier, intr-un model
de stres miocardic acut indus de ISO. ISO provoaca disfunctie cardiaca prin cresterea stresului
oxidativ si a stresului fierului in miocitele cardiace. Studiul a evaluat efectele DFP asupra functiei
cardiace, inflamatiei, stresului oxidativ si homeostaziei fierului in acest context. S-a constatat ca
DFP amelioreaza disfunctia cardiaca, reducand nivelele de perozidare lipidica si Tmbunatatind
contractia si relaxarea miocardului. in plus, DFP a redus inflamatia si stresul oxidativ, avand un
efect protector asupra miocitelor cardiace. Aceste rezultate sustin utilizarea DFP ca terapie
potentiala n stresul miocardic acut si subliniaza importanta reglarii homeostaziei fierului in
afectiunile cardiovasculare.



Studiu 3: Deferiprona si hipertrofia cardiaca

Al treilea studiu a investigat efectele DFP asupra performantei ventriculare stangi si a
parametrilor cardiac la sobolani cu hipertrofie cardiaca indusa prin constrictie aortica
abdominala. S-a evaluat functia ventriculara, parametrii legati de fier, inflamatia si stresul
oxidativ. Tratamentul cu DFP a aratat Tmbunatatiri semnificative ale fractiei de scurtare
ventriculard, reducerea hipertrofiei peretilor ventriculari si sciderea nivelurilor de NT-proBNP. in
plus, DFP a prezentat efecte antiinflamatorii, a atenuat depozitele de fier intramitocondrial si a
ameliorat stresul oxidativ in modelul de hipertrofie cardiaca. Aceste constatari sugereaza ca DFP
ofera perspective promitatoare ca interventie terapeutica in hipertrofia cardiaca si complicatiile
asociate.

Concluzie:

Tn ansamblu, aceste studii subliniazd importanta homeostaziei fierului in patologia cardiac3 si
exploreaza posibilitatea utilizarii terapiei de chelatare a fierului in afectiunile cardiovasculare.
Intelegerea mecanismelor subiacente si evaluarea eficacitatii terapiilor specifice sunt esentiale
pentru dezvoltarea de strategii de tratament inovatoare si pentru imbunatatirea rezultatelor
pentru pacientii cu afectiuni cardiovasculare. Studiile prezentate aici aduc contributii valoroase
in acest domeniu si ofera o baza pentru cercetarea viitoare si dezvoltarea de terapii
personalizate.
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STATE OF THE ART

Introduction

Cardiac pathology and iron homeostasis are interconnected fields of study with significant
implications for cardiovascular health. This paper provides a concise overview of the complex
relationship between cardiac pathology and iron metabolism, shedding light on the underlying
mechanisms and their implications for clinical management.

Iron Homeostasis in Cardiac Function

Iron plays a crucial role in maintaining optimal cardiac function. Within cardiomyocytes, iron is
essential for proper mitochondrial function, energy production, and contractility. Iron regulatory
proteins, such as iron-responsive element-binding proteins (IRPs) and transferrin receptors, play
key roles in maintaining iron balance within these cells.

Iron metabolism is tightly regulated at both systemic and cellular levels. At the systemic level,
the hormone hepcidin is the master regulator of iron homeostasis. Hepcidin controls iron
absorption, recycling, and release from iron stores, thus maintaining the overall iron balance in
the body. Hepcidin expression is influenced by various factors, including hypoxia, inflammation,
and erythropoietic activity.

At the cellular level, iron uptake and utilization are regulated by specific proteins and
transporters. Transferrin receptor-mediated endocytosis facilitates iron uptake into cells, while
intracellular iron storage proteins like ferritin sequester excess iron. Iron transporters, such as
divalent metal transporter 1 (DMT1) and ferroportin, regulate the movement of iron across
cellular membranes. Dysregulation of these mechanisms can disrupt iron homeostasis and lead
to pathological consequences.

Diagnostic Approaches for Assessing Iron Status

Accurate assessment of iron status is essential for diagnosing and managing cardiac pathologies
associated with iron dysregulation. Traditional serum iron parameters, including serum iron,



transferrin saturation, and ferritin levels, are commonly used but have limitations in reflecting
cardiac tissue iron levels accurately.

Iron Dysregulation and Cardiac Pathology

Iron imbalances can have profound effects on cardiac structure and function, leading to the
development of various cardiac pathologies. Both iron overload and deficiency have detrimental
effects on cardiomyocytes and cardiovascular health.

Iron overload, also known as hemochromatosis, can result from genetic disorders such as
hereditary hemochromatosis or acquired conditions like transfusional iron overload. Excess iron
promotes oxidative stress, mitochondrial dysfunction, inflammation, and cardiac remodeling,
contributing to the development of cardiomyopathies, heart failure, atherosclerosis, and
ischemia-reperfusion injury.

Iron deficiency, a common nutritional deficiency worldwide, affects cardiac function by
impairing mitochondrial respiration and energy production. Inadequate iron levels compromise
cardiomyocyte contractility, leading to heart failure, arrhythmias, and reduced exercise
tolerance. Iron deficiency anemia, characterized by low hemoglobin levels due to insufficient
iron, can further exacerbate these cardiac manifestations.

Therapeutic Interventions and Management Strategies

Managing iron dysregulation is crucial for mitigating cardiac pathology and preserving cardiac
function. The specific therapeutic interventions depend on whether the patient presents with
iron overload or deficiency.

For patients with iron overload, iron chelation therapy is the primary treatment modality.
Chelating agents, such as deferoxamine, deferiprone, and deferasirox, bind to excess iron and
facilitate its excretion from the body. Regular monitoring of cardiac iron levels using MRI guides
the appropriate timing and dosage of iron chelation therapy.

In cases of iron deficiency, iron supplementation is the mainstay of treatment. Oral or
intravenous iron preparations replenish iron stores, improving cardiac function and overall well-
being. Optimization of iron levels in patients with heart failure has shown promising results in
reducing symptoms, enhancing exercise capacity, and improving quality of life.



Future Perspectives and Challenges

While significant progress has been made in understanding the intricate relationship between
cardiac pathology and iron homeostasis, several challenges and avenues for future research
remain. The complexity of iron regulation mechanisms, the influence of genetic factors, and the
interplay between iron metabolism and other biological pathways necessitate comprehensive
studies.

Conclusion

In conclusion, the intricate interplay between cardiac pathology and iron homeostasis has
significant implications for cardiovascular health. Understanding the underlying mechanisms
and consequences of iron dysregulation is crucial for improving diagnostic techniques,
therapeutic interventions, and management strategies. Continued research efforts, utilizing
advanced diagnostic modalities, multidisciplinary collaborations, and big data analytics, will
pave the way for personalized medicine and better outcomes for patients with cardiac
pathologies associated with iron dysregulation.
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Introduction:

Cardiovascular disease (CVD) remains a leading cause of morbidity and mortality worldwide.
Understanding the underlying mechanisms and identifying effective therapeutic strategies are
crucial for combating this global health challenge. Iron metabolism has emerged as a significant
player in the pathophysiology of CVD, and animal models provide valuable insights into the
complex interplay between iron homeostasis and cardiovascular health.

The studies presented in this thesis address the need for investigations into iron chelation
therapy in acute and chronic cardiovascular conditions. By establishing animal models that
reflect clinical scenarios and assessing the efficacy of the iron chelator DFP, these studies
contribute to our understanding of the potential benefits of intracellular iron redistribution in
cardiac disease.

Study 1: Chronic Cardiac Stress Model:

The first study aimed to establish a chronic model of sustained cardiac stress that mirrors
clinical data on CVD. Various approaches, including pharmacological induction and surgical
cardiac overload techniques, were evaluated. Isoproterenol (ISO), a non-selective beta-
adrenergic stimulant, was used to simulate acute myocardial ischemia, while aortic banding
(AoC) induced cardiac hypertrophy. The objective was to develop a coherent model that
replicates biochemical, functional, and anatomical changes observed in human patients with
CVD. The study highlighted the importance of selecting appropriate animal models to accurately
represent clinical phenotypes and facilitate the translation of experimental findings to human
applications.

Study 2: Deferiprone and Acute Myocardial Stress:

The second study focused on the effects of deferiprone (DFP), a specific iron chelator, in an
acute myocardial stress model. The researchers examined inflammation, oxidative stress, iron-
related parameters, and heart function in response to DFP treatment. The results demonstrated
that DFP effectively reduced myocardial lipid peroxidation and oxidative stress, leading to
improved cardiac function. Notably, DFP exhibited anti-inflammatory properties and reduced
iron deposition and organellar disorganization induced by myocardial stress. These findings
highlight the potential of DFP as a therapeutic agent for mitigating the detrimental effects of
acute cardiac stress.



Study 3: Deferiprone and Cardiac Hypertrophy

The third study investigated the effects of DFP on left ventricular performance and parameters
in rats with abdominal aortic constriction-induced cardiac hypertrophy. The researchers
evaluated ventricular function, iron-related parameters, inflammation, and oxidative stress. DFP
treatment showed significant improvements in ventricular shortening fraction, reduced
hypertrophy of ventricular walls, and decreased NT-proBNP levels. Additionally, DFP exhibited
anti-inflammatory effects, attenuated intramitochondrial iron deposits, and alleviated oxidative
stress in the cardiac hypertrophy model. These findings suggest that DFP holds promise as a
therapeutic intervention for cardiac hypertrophy and its associated complications.

General Conclusions

Collectively, the three studies shed light on the intricate relationship between iron metabolism
and CVD. Iron overload and dysregulation contribute to various pathological processes,
including inflammation, oxidative stress, fibrosis, and impaired cardiac function. The use of
animal models provided valuable insights into these mechanisms and enabled researchers to
explore potential therapeutic interventions.

Importantly, DFP emerged as a specific iron chelator that effectively targeted intracellular iron
within organelles such as mitochondria. DFP exhibited potent anti-inflammatory properties,
reduced iron deposition, and attenuated oxidative stress, leading to improved cardiac function
in both acute myocardial stress and cardiac hypertrophy models. These findings highlight the
potential of DFP as a therapeutic strategy for managing iron-related complications in CVD.

Furthermore, the studies emphasized the importance of selecting appropriate animal models to
mimic clinical phenotypes and faithfully replicate the biochemical, functional, and anatomical
changes observed in human patients. Such models provide a valuable platform for investigating
the underlying mechanisms of CVD and evaluating potential therapeutic interventions.



