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A. Introduction and Objectives 

Cardiovascular diseases (CVDs) are the leading cause of mortality in Romania, 

responsible for over 55% of annual deaths (National Institute of Public Health, 2024). In this 

context, atherosclerosis (AS), a chronic inflammatory condition of the vascular wall, plays a 

central role in the development of acute cardiovascular complications such as myocardial 

infarction or stroke. Although conventional therapies such as statins and antithrombotic agents 

reduce the incidence of cardiovascular events, they fail to effectively address persistent 

vascular inflammation, an essential component of atherosclerotic plaque progression (d’Aiello 

et al., 2024). 

In particular, it has been shown that the failure of inflammation resolution, an active 

and coordinated physiological process, contributes significantly to plaque instability and 

disease progression (Fredman, 2019). In this context, specialized pro-resolving mediators 

(SPMs), such as resolvins or lipoxins, represent an emerging class of molecules capable of 

restoring vascular homeostasis by actively inducing inflammation resolution. However, the 

therapeutic use of SPMs is limited by their low stability in circulation and poor bioavailability 

at the site of the atherosclerotic lesion (Fredman & Serhan, 2024). 

In parallel, natural compounds such as protocatechuic acid (PCA), with anti-

inflammatory and antioxidant roles, have been proposed as adjuvants in combating endothelial 

and macrophage inflammation. Nevertheless, their therapeutic efficacy is limited by low 

bioavailability and nonspecific targeting (Cory et al., 2018). Nanotechnology offers an 

innovative solution to these challenges, facilitating targeted delivery and protection of 

compounds of interest in stable pharmaceutical forms (Ahmad et al., 2022). 

Based on these premises, the main objective of this doctoral thesis was the 

development and characterization of innovative nanotherapeutic platforms for combating 

vascular inflammation in AS, with the following complementary mechanisms: (1) active 

induction of inflammation resolution by delivering SPMs or (2) inhibition of pro-atherogenic 

inflammatory pathways by delivering PCA. 

The following specific objectives were proposed and achieved: 

1. Characterization and testing of dextran-coated magnetic nanoparticles loaded with 

protocatechuic acid (MNP-Dex/PCA), aimed at inhibiting vascular inflammation by 



reducing the expression of pro-inflammatory cytokines and monocyte adhesion to 

activated endothelial cells (ECs), in in vitro cellular models. 

2. Development and characterization of biomimetic nanoparticles loaded with SPMs 

(Bio-LN/SPM) and testing their in vitro effects on the inflammatory phenotype of 

ECs, macrophages (Mφ), and smooth muscle cells (SMCs) involved in AS 

pathogenesis. 

3. Evaluation of the biodistribution and acute effects of Bio-LN/SPM nanoparticles in 

a murine model of AS (hyperlipidemic ApoE−/− mice), by analyzing accumulation in 

the aorta, changes in the composition of circulating immune cells, and the 

inflammatory cytokine profile at 24 hours after administration. 

4. Validation of the preclinical efficacy of the pro-resolving nanotherapeutic strategy 

in AS, in the ApoE−/− murine model, by demonstrating the therapeutic effect of Bio-

LN/SPM nanoparticles on atherosclerotic lesions at two plaque progression stages, 

with emphasis on reducing vascular inflammation and lipid accumulation in the aorta 

and aortic root. 

B. Structure of the thesis  

The doctoral thesis is structured into two major parts: 

 

Part I – Current state of the art includes an analysis of the literature regarding the 

role of inflammation in atherosclerosis (AS), the molecular mechanisms involved in its 

resolution, and emerging nanotherapeutic strategies that can positively influence disease 

progression. This part comprises six chapters that provide a solid theoretical basis for 

developing the two experimental directions. 

Chapter 1 presents the structural and functional organization of the cardiovascular 

system, with emphasis on the architecture of the arterial wall and the critical role of ECs in 

maintaining vascular homeostasis. Imbalances that can disrupt endothelial function and 

contribute to the onset of vascular pathologies, such as AS, are discussed. 

Chapter 2, “Inflammation in Atherosclerosis,” systematically details the stages of 

atherosclerotic lesion progression, from endothelial activation and LDL accumulation in the 



subendothelial space to foam cell formation, necrotic core development, and plaque rupture. 

It highlights the inflammatory processes that increase plaque vulnerability and the involved 

cellular elements. 

Chapter 3 is dedicated to the concept of “Resolution of inflammation” as an active 

process with complex regulatory mechanisms, distinct from classical inflammation inhibition. 

A complete conceptual framework of specialized pro-resolving mediators (SPMs) such as 

lipoxins, resolvins, maresins, and protectins is presented, emphasizing their role in restoring 

tissue homeostasis. An extensive synthesis of the classes, functions, mechanisms of action, 

and receptors of these mediators is detailed in this chapter, forming the theoretical foundation 

for the pro-resolving pharmacological strategies proposed later in the experimental part of the 

thesis. 

Chapter 4 highlights the limitations of current conventional therapies, which mainly 

target lipid lowering or suppression of the inflammatory response. These strategies fail to 

prevent the progression of atherosclerotic lesions and do not address the cause of persistent 

inflammation. Thus, the need for innovative therapeutic interventions capable not only of 

inhibiting inflammation but also activating physiological resolution mechanisms is justified, 

promoting restoration of vascular homeostasis. 

Chapter 5 introduces the field of nanomedicine, focusing on nanotherapy applied to 

CVDs. The types of nanoparticles used in this context are detailed, emphasizing targeted 

delivery advantages and functionalization strategies designed to increase therapeutic efficacy. 

The concept of biomimetic nanoparticles is also presented, highlighting their potential to 

mimic natural cellular components to facilitate specific recognition of inflamed tissues and 

improve targeted distribution of therapeutic agents. 

Chapter 6 explores direct applications of SPMs and their synthetic analogues in 

chronic inflammation and AS. It describes preclinical studies and potential research directions 

in which SPMs are considered promising therapies with mechanisms complementary to 

traditional anti-inflammatory drugs. 

 

Part II – Original contributions is dedicated to the experimental studies performed, 

divided into two distinct nanotherapeutic directions: 



Chapter 1 describes the development, characterization, and in vitro evaluation of 

dextran-coated magnetic nanoparticles loaded with protocatechuic acid (MNP-Dex/PCA). 

The study demonstrates the effectiveness of these nanoparticles in reducing pro-inflammatory 

cytokine expression in ECs and M1-type macrophages. Additionally, MNP-Dex/PCA inhibit 

NF-κB and MAPK signaling pathways and reduce monocyte adhesion to activated 

endothelium, supporting their potential in vascular inflammation therapy. 

Chapter 2 is dedicated to a comprehensive study comprising experimental sections 

that promote active resolution of inflammation using biomimetic nanoparticles loaded with 

specialized pro-resolving mediators (Bio-LN/SPM). 

• Section 1 presents the biomimetic nanoparticle synthesis process and physicochemical 

characterization, including composition, size, and zeta potential evaluation. 

• Section 2 analyzes the in vitro effects of these nanoparticles on AS-relevant cell lines 

(ECs, Mφ, and SMCs). A significant reduction in inflammatory marker expression and 

promotion of an anti-inflammatory phenotype were observed. 

• Section 3 focuses on the in vivo testing of Bio-LN/SPM in the ApoE−/− murine model, 

24 hours post-injection. Nanoparticle distribution and acute effects on the immune 

profile were evaluated. 

• Section 4 investigates the therapeutic impact of Bio-LN/SPM on atherosclerotic 

lesions in ApoE−/− mice at two different progression stages (4 weeks and 8 weeks of 

high-fat diet), highlighting reductions in systemic and local inflammation and lipid 

accumulation, as well as induction of a pro-resolving phenotype in plaque-associated 

Mφ. 

Thus, the structure of the thesis reflects an integrated and progressive approach, from 

a detailed understanding of AS pathology and molecular processes involved in inflammation 

and resolution, to the experimental development and validation of innovative therapeutic 

solutions. Each chapter logically and scientifically contributes to strengthening the research 

hypothesis and demonstrating the applicability of nanomedicine in personalized treatment of 

vascular inflammation associated with AS. 

 

 

 



C. Main results and conclusions: 

1. Development of MNP-Dex/PCA magnetic nanoparticles as theranostic vehicles 

combining diagnosis and therapy in a single platform 

● Stable colloidal nanoparticles were obtained, in which PCA was efficiently adsorbed onto 

the nanoparticle surface and maintained in active form. 

● MNP-Dex/PCA were efficiently taken up by endothelial cells and pro-inflammatory M1 

macrophages, without cytotoxic effects at concentrations < 100 μg/mL. 

● Treatment with MNP-Dex/PCA led to: 

o Inhibition of inflammatory signaling pathways NF-κB and MAPK with reduced 

expression of IL-1β, TNF-α, IL-6, MCP-1, p38, and ERK1/2. 

o Decreased monocyte adhesion to activated endothelium. 

These data confirm the potential of these nanoparticles to inhibit the vascular 

inflammatory response, opening the possibility of their use in preventing the progression of 

atherosclerotic plaque. 

2. Development and preclinical validation of biomimetic nanoparticles loaded with 

specialized pro-resolving mediators in a murine model of atherosclerosis 

● Nanoemulsions coated with cellular membranes were obtained to mimic the structure of 

circulating monocytes, with SPMs as active cargo (Bio-LN/SPM). 

● In vitro, Bio-LN/SPM: 

o Reduced inflammatory marker expression (VCAM-1, MCP-1, NLRP3, IL-1β), 

o Promoted a pro-resolving M2 phenotype in macrophages (decreased iNOS and 

increased phagocytic capacity), 

o Decreased monocyte adhesion and transmigration through activated endothelium. 

● In vivo (ApoE−/− mice fed a high-fat diet): 

o Intravenous administration of Bio-LN/SPM led, after 24 hours, to: 

▪ Reduction of circulating monocytes and neutrophils, 

▪ Decreased plasma levels of cytokines (IFN-γ, CXCL10, IL-16, TIMP-1, and 

TNF-α) and chemokines (MCP-1 and C5a), 

▪ Selective accumulation in the aorta 



o Repeated administration at two different stages of plaque progression demonstrated: 

▪ Reduced systemic inflammation and modulation of circulating immune populations, 

▪ Decreased local inflammation and induction of a pro-resolving M2 phenotype in 

aortic macrophages, shown by increased expression of CD206 and MerTK 

markers, along with decreased iNOS levels, 

▪ Reduced lipid accumulation in lesions 

These results confirm that Bio-LN/SPM not only inhibit inflammation but also promote 

its resolution, reprogramming the immune phenotype and the aortic microenvironment. 

D. Original contributions of the thesis 

1. Development of two nanotherapeutic platforms with complementary mechanisms, validated 

in vitro or in vivo, for combating vascular inflammation: 

a) MNP-Dex/PCA – anti-inflammatory effect via inhibition of NF-κB and MAPK 

(Figure 1). 

 

 

Figure 1. Nanotherapeutic strategy developed in the first study for combating vascular 

inflammation associated with AS. The scheme illustrates the mechanism of action of dextran-

coated magnetic nanoparticles loaded with protocatechuic acid (MNP-Dex/PCA), which are 

internalized by ECs and M1-type MΦ, leading to inhibition of inflammatory signaling pathways 

(NF-κB and MAPK p38α and ERK1/2) and reduced monocyte adhesion. 



b) Bio-LN/SPM – pro-resolving effect, via induction of an M2 phenotype in 

macrophages, decreased inflammatory markers, and reduced lipid deposits in the 

atherosclerotic plaque (Figure 2). 

 

 

Figure 2. Schematic representation of the nanotherapeutic strategy developed in the second 

study to promote the resolution of vascular inflammation associated with AS. The effect of 

biomimetic nanoparticles loaded with specialized pro-resolving mediators (Bio-LN/SPM) 

on ECs, vascular SMCs, and MΦ in the hyperlipidemic ApoE−/− murine model is illustrated. 

Treatment with Bio-LN/SPM results in reduced expression of circulating and local 

inflammatory markers, induction of a reparative phenotype in MΦ, and decreased lipid 

accumulation in atherosclerotic lesions. 

 

2. Confirmation of the role of inflammation resolution in AS control and validation 

of SPMs as viable therapeutic agents in cardiovascular nanomedicine. 



E. General conclusions 

This thesis makes a significant contribution to understanding and treating chronic 

vascular inflammation in the context of AS, proposing two complementary nanotherapeutic 

approaches. While MNP-Dex/PCA inhibit pro-atherogenic inflammatory pathways, Bio-

LN/SPM actively promote inflammation resolution—a key process largely overlooked in 

current treatments. Through these strategies, the work demonstrates the applicability of 

nanomedicine in personalized cardiovascular therapy, opening new avenues for early and 

targeted intervention in AS. 
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