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Cardiovascular Disease.

Atherosclerosis is a chronic and multifactorial disease of the
arterial wall that evolves through a complex interplay of
biochemical, cellular, and molecular mechanisms. The present
study investigates the progressive stages of atherosclerosis,
emphasizing the roles of oxidative stress, lipid metabolism,
inflammatory mediators, and endothelial dysfunction. Our
observational study analyzed 300 patients stratified into four
clinical groups—control, early, moderate, and severe
atherosclerosis—based on diagnostic imaging, clinical
scoring, and biochemical profiling. The study incorporated
advanced biomarker analysis, histological tissue examination,
and enzyme activity assessment. Results demonstrated
significant between oxidized LDL,
proinflammatory cytokines such as IL-6 and TNF-alpha, and
suppressed endothelial nitric oxide synthase (eNOS) activity.
These findings underline the need for a systems biology
approach to detect, predict, and intervene in the progression
of atherosclerosis, offering new insights for targeted therapies.
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BUOXUMHUYECKHUE IIYTH U MOJIEKYJIAPHBIE MEXAHU3MbI
INTPOTPECCUPOBAHHUA ATEPOCKJIEPO3A

XuMmMaToBa AAHruabau

AccucteHT KadeZpbl MEJUIITUHCKON U OHOJIOTUYECKON XUMUHU
TamkeHTCKas MeJUIMHCKas akageMusi, TepMe3sckuil duimnan
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Amepockaepos,
buoxumuyeckue Mapkepbl,
JAUNUOHBIT
eNOS,
OKUCAUMEAbHBIU CcMpecc,
ducgyHkyusi 3Hdomeus,

sochasieHue,
06MeH,

Amepocksiepo3 — 3mo XpoHuveckoe U MHO20(aKMopHoe
3a60/1e8aHUe apmMepuaibHOU CMeHKU, passusaiujeecs 8
pe3y/sibmame CJA0HCHO20 83aumodelicmeusi OUOXUMUYECKUX,
K/eMOYHbIX U MOJEKY/asIpHbIX MexaHuamos. Hacmosiwee
uccsedosaHue paccmampueaem npozpeccupyrujue cmaduu
amepocK/aepo3a ¢ aKyeHmom Ha poJb OKUCAUMEAbHO20
cmpecca, AUnUdHO020 06MEeHd, 80CNAAUMENbHbIX MeAUAMOpP08
Hab6.1100ameabHOM

u  ducgyukyuu  3Hdomeaus. B

uccaedosavuu 6vl10 hpoaHaausuposaHo 300 nayueHmos,
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cepdeyHo-cocyducmeole pacnpedenéHHbIX HA Yemblpe KAUHUYeCcKue 2pynnbl —

3a60/1€8aHUSI. KOHMPO/AbHYI0, HAYA/AbHYK, YMEPEHHYIO U MANXCEAYI0 cmaduu
amepock/sepo3a — HA OCHO8e OaHHbIX 8u3ya/au3ayuu,
KAUHUYECKOU OYEHKU U GUOXUMUYECKo20 npo@duauposaHusl.
Hccaedosanue 8K/10YA/I0 pacwupeHHblll aHaau3
buomapkepos, zucmo.Jio2uveckoe uccaedogaHue mkavel U
oyeHKy akmusHocmu ¢epmeHmos. Pe3ysbmambel nokasaau
3HAYUMeNbHYI0 Koppeasyur Mmexcdy oKucaeHHouim JIITHII,
nposocnaaumesbHbIMuU YumoKuHaMmu, makumu kak HJ/1-6 u
®HO-anbda, u CHUHCEHHOU aKMUBHOCMbI0 3HA0OMEAUANLHOL
cunmasvl okcuda asoma (eNOS). IlosyyeHHble OaHHblE
noduepkusarom Heob6xo0umMocmo CUCMEMHO020
6U0/102UYeCK020 N00X00a K 8bls18/1eHUN, NPO2HO3UPOBAHUIO U
eMeuwlamenbcmegy 8 NpospeccuposaHue amepocK/aeposa,
0MKpbI8As HOBble nepcnekmuebl 0151 Yese8oll mepanuu.

Introduction

Atherosclerosis is widely recognized as a leading cause of cardiovascular disease and
stroke, accounting for a significant percentage of global mortality. Its pathology is no longer
viewed as a simple accumulation of lipids within arterial walls but rather as a multifaceted
process involving immune responses, oxidative damage, vascular remodeling, and metabolic
dysregulation. Early studies established the link between elevated LDL cholesterol and plaque
formation, but contemporary research now focuses on molecular triggers including cytokine
activation, endothelial injury, and redox imbalance. The endothelium, a dynamic interface
between blood and tissue, plays a critical role in vascular tone and permeability, both of
which are compromised during atherosclerosis progression.

This paper aims to dissect the molecular cascades underlying plaque initiation and
progression, with particular attention to biochemical signals that disrupt vascular
homeostasis. We hypothesize that quantifiable changes in biochemical markers such as
oxLDL, C-reactive protein (CRP), and cytokines directly reflect the severity of disease and can
be used to guide clinical interventions. By mapping the biochemical landscape across different
stages of atherosclerosis, we seek to identify reliable biomarkers and potential therapeutic
targets.

Materials and Methods

The study population consisted of 300 individuals aged between 35 and 75 years,
recruited from three major hospitals in Tashkent. Participants were classified into four
groups based on clinical diagnosis confirmed by carotid ultrasound, coronary angiography,
and serum lipid profile assessments. Exclusion criteria included previous myocardial
infarction, chronic kidney disease, and autoimmune disorders.

Biochemical assays were conducted on fasting venous blood samples. Plasma oxLDL
levels were quantified using ELISA kits, while CRP and interleukins (IL-6, TNF-a) were
measured by high-sensitivity immunoassays. eNOS activity was determined using a
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colorimetric enzyme assay. In a subset of 60 patients undergoing vascular surgery, aortic
tissue specimens were collected for histological staining and collagen quantification. All
procedures adhered to the Declaration of Helsinki guidelines and received approval from the
local ethics committee.

Table 1. Biochemical Marker Levels by Atherosclerosis Stage

Group oxLDL (mg/dL) CRP (mg/L) IL-6 (pg/mL) eNOS
(U/mg)
Control 48.1 1.0 2.5 5.9
Early 90.4 4.5 6.8 4.4
Moderate 130.2 7.1 10.9 3.2
Severe 152.7 11.6 15.3 2.1
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Results and Discussion

Our expanded analysis across 300 participants revealed a gradient in biomarker
expression aligning with atherosclerosis severity. oxXLDL and CRP levels rose sharply from the
early to severe stages, while eNOS activity showed a consistent decline, highlighting
endothelial impairment. Histological studies confirmed increased intimal thickening and
fibrotic remodeling in advanced cases. Inflammatory cytokines, particularly IL-6 and TNF-a,
were elevated in moderate and severe groups, indicating an amplified immune response.
These trends reinforce the concept of atherosclerosis as a chronic inflammatory disease
driven by redox imbalance and immune activation.

Interestingly, our enzyme activity assays demonstrated a statistically significant inverse
correlation between oxLDL levels and SOD activity, suggesting that oxidative stress not only
promotes lipid modification but also impairs the antioxidant defense system. These findings
align with other large-scale studies linking oxidized lipoproteins to endothelial dysfunction, a
pivotal step in plaque initiation and thrombogenic risk. Thus, biochemical profiling may offer
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prognostic value in risk stratification and guide the application of targeted therapies such as
statins, antioxidants, and lifestyle interventions.

Conclusions

The current study affirms that atherosclerosis is underpinned by a complex network of
biochemical interactions involving oxidative damage, inflammation, and endothelial
deregulation. Our findings support the integration of biochemical markers into clinical risk
models for early detection and tailored treatment. Elevated levels of oxLDL, CRP, and
cytokines coupled with diminished eNOS activity represent a robust signature of vascular
deterioration. Future directions include longitudinal studies to validate these markers as
therapeutic endpoints and the exploration of novel pharmacological agents targeting redox
pathways.
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