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Abstract

Introduction: Oxidative stress is a fundamental contributor to cardiovascular pathophysiology,
primarily through excessive generation of reactive oxygen species (ROS) that disrupt cellular
homeostasis. Red blood cells play a critical role in oxygen transport and redox balance; however, they
are highly vulnerable to oxidative damage, which may impair their structural integrity and promote
vascular dysfunction. Objective: This study aimed to examine oxidative stress-induced alterations in
red blood cell parameters, antioxidant defence systems, and inflammatory responses, and to
elucidate their potential role in cardiovascular pathophysiology. Methods: An experimental laboratory
study was conducted using 30 male Wistar rats randomly assigned to control and oxidative stress
groups. Oxidative stress was induced by intraperitoneal administration of hydrogen peroxide (H,O,)
for 14 days. Haematological indices, including red blood cell count, haematocrit, and haemoglobin
levels, were evaluated. Oxidative damage and antioxidant status were assessed by measuring
malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx). Serum C-reactive protein (CRP) was analysed as an indicator of systemic inflammation. Data
were analysed using independent t-tests with a significance level of a = 0.05. Results:The oxidative
stress group demonstrated a significant decline in haematological parameters compared with the
control group, including red blood cell count (5.98 £+ 0.38 vs. 6.75 + 0.41 x10%uL, p = 0.001),
haematocrit (38.7 + 3.2% vs. 43.5 £ 2.8%, p = 0.002), and haemoglobin concentration (12.5 £ 1.1 vs.
14.3 £ 0.9 g/dL, p = 0.001). Markers of oxidative damage were markedly elevated, as indicated by
increased malondialdehyde levels (5.3 £ 1.0 vs. 2.1 £ 0.6 nmol/mL, p< 0.001). Conversely, antioxidant
enzyme activities were significantly reduced in the oxidative stress group, including superoxide
dismutase (1.92 + 0.35 vs. 2.85 + 0.43 U/mL, p< 0.001), catalase (32.6 + 4.3 vs. 48.2 £+ 5.1 U/mg
protein, p< 0.001), and glutathione peroxidase (54.1 £ 7.4 vs. 71.4 + 6.8 U/mL, p< 0.001). In addition,
serum C-reactive protein levels were significantly higher in the oxidative stress group (4.9 + 1.2 vs.
1.4 £ 0.7 mg/L, p< 0.001), indicating enhanced systemic inflammation. Conclusion: Oxidative stress
induces pronounced alterations in red blood cell integrity, suppresses antioxidant defence
mechanisms, and triggers systemic inflammation. These changes represent key early events in
cardiovascular pathophysiology and highlight erythrocyte-related oxidative biomarkers as potential
indicators for cardiovascular risk assessment.
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Introduction

Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality worldwide,
posing a major burden on global health systems. The development and progression of CVDs are
driven by complex and interconnected mechanisms, among which oxidative stress has been widely
recognised as a central pathophysiological factor. Oxidative stress occurs when the generation of
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reactive oxygen species (ROS) exceeds the capacity of endogenous antioxidant defence systems,
resulting in oxidative damage to cellular lipids, proteins, and nucleic acids. Persistent oxidative
imbalance contributes to endothelial dysfunction, vascular inflammation, and structural remodelling,
all of which are hallmarks of cardiovascular pathology (Amponsah-Offeh et al., 2023).

Red blood cells (RBCs) play a critical role not only in oxygen transport but also in maintaining redox
homeostasis within the circulation. Despite lacking nuclei and mitochondria, erythrocytes are
equipped with an efficient antioxidant system, including superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx), which protect them from continuous exposure to oxidative
challenges. However, due to their high polyunsaturated fatty acid content and constant contact with
oxygen and iron-containing haemoglobin, RBC membranes are particularly vulnerable to oxidative
injury (Obeagu et al., 2024). Under conditions of excessive oxidative stress, erythrocytes undergo
structural and functional alterations, such as increased membrane rigidity, reduced deformability, and
enhanced susceptibility to haemolysis. Lipid peroxidation of erythrocyte membranes, commonly
reflected by elevated malondialdehyde (MDA) levels, compromises membrane integrity and shortens
erythrocyte lifespan. These changes may impair microcirculatory flow and oxygen delivery, thereby
exacerbating tissue hypoxia and contributing to cardiovascular dysfunction (Tugasworo et al., 2023).

In addition to erythrocyte damage, oxidative stress is closely linked to systemic inflammatory
responses. Reactive oxygen species can activate pro-inflammatory signalling pathways, leading to
the production of acute-phase proteins such as C-reactive protein (CRP). Elevated CRP levels are
strongly associated with endothelial dysfunction, atherosclerotic progression, and increased
cardiovascular risk. In addition, elevated C-reactive protein levels confirm the activation of systemic
inflammatory responses (Nosalski et al., 2024). The interaction between oxidative stress and
inflammation creates a self-perpetuating cycle that accelerates cardiovascular disease development
(Gwozdzinski et al., 2021).

Although extensive evidence supports the role of oxidative stress in cardiovascular diseases, the
specific contribution of erythrocyte alterations to cardiovascular pathophysiology remains
underexplored. Understanding how oxidative stress affects erythrocyte integrity, antioxidant defence
capacity, and inflammatory status may provide valuable insights into early pathophysiological
changes preceding overt cardiovascular disease. Therefore, this study aimed to investigate oxidative
stress-induced alterations in red blood cell parameters, antioxidant enzyme activity, and inflammatory
markers using an experimental rat model to elucidate their potential role in cardiovascular
pathophysiology (Kwon et al., 2024).

Experimental animal models provide a controlled approach to investigate the biological consequences
of oxidative stress and its systemic effects. Hydrogen peroxide (H,O,) is commonly used as an
oxidative stress inducer due to its ability to diffuse across cell membranes and generate secondary
reactive oxygen species. In vivo exposure to H,O, has been shown to mimic oxidative conditions
observed in early stages of cardiovascular disorders, making it a relevant model for studying
erythrocyte vulnerability, antioxidant depletion, and inflammatory activation under sustained oxidative
pressure (Aristoteles et al., 2021).

Furthermore, alterations in erythrocyte-related oxidative biomarkers may serve as early indicators of
cardiovascular dysfunction before the onset of overt clinical symptoms. Changes in red blood cell
indices, lipid peroxidation products, and antioxidant enzyme activities reflect systemic redox
imbalance that may precede structural vascular damage. ldentifying these early alterations is
essential for improving cardiovascular risk stratification and developing preventive strategies.
Therefore, elucidating the relationship between oxidative stress—induced erythrocyte alterations and
cardiovascular pathophysiology may contribute to the advancement of biomarker-based approaches
and antioxidant-targeted interventions in cardiovascular disease management (Wahyu et al., 2023).
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Material & Methods

This study employed a laboratory-based experimental design to investigate oxidative stress—induced
alterations in red blood cells and their potential role in cardiovascular pathophysiology. A total of 30
healthy male Wistar rats (Rattus norvegicus), aged 8—10 weeks and weighing 180—-220 g, were used
as experimental subjects. The animals were housed under standard laboratory conditions with
controlled temperature, a 12-hour light—dark cycle, and free access to standard chow and water.
Following a one-week acclimatisation period, the rats were randomly assigned into two groups: a
control group and an oxidative stress group (Nashrullah et al., 2023). All procedures were approved
by the Institutional Animal Ethics Committee of IKesT MP No. 000520/KEP IKesT Muhammadiyah
Palembang/17 June 2025, and animal care was conducted following established ethical guidelines.

Oxidative stress was induced by intraperitoneal administration of hydrogen peroxide (H,O,) for 14
consecutive days at a dose of 1 mmol/kg body weight, which has been reported to be sufficient to
generate systemic oxidative imbalance, while the control group received an equivalent volume of
physiological saline without an oxidative agent. Throughout the experimental period, the animals were
monitored daily for general health status and behavioural changes. At the end of the treatment period,
all rats were anaesthetised using a combination of ketamine and xylazine, and blood samples were
collected via cardiac puncture under aseptic conditions (Ngadiman et al., 2023).

Blood samples were divided into ethylenediaminetetraacetic acid (EDTA) tubes for haematological
analysis and plain tubes for serum separation. Red blood cell count, haematocrit, and haemoglobin
levels were measured using an automated haematology analyser. Serum was obtained by
centrifugation and stored at -80°C until further analysis. Malondialdehyde (MDA) levels, as an
indicator of lipid peroxidation, were determined using the thiobarbituric acid-reactive substances
(TBARS) method. Antioxidant enzyme activities, including superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx), were measured spectrophotometrically using standardised
assay protocols (Pereira et al., 2021).

Systemic inflammation was assessed by measuring serum C-reactive protein (CRP) levels using a
high-sensitivity enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's
instructions. All biochemical measurements were performed in duplicate to ensure analytical
reliability. Data were expressed as mean + standard deviation. Statistical analysis was conducted
using SPSS software, and comparisons between the control and oxidative stress groups were
performed using independent f-tests. A p-value of less than 0.05 was considered statistically
significant (Ghosh & Shcherbik, 2020). All experimental procedures involving animals were approved
by the institutional ethics committee and conducted in accordance with established guidelines for the
care and use of laboratory animals.

Results

Table 1: Effects of Oxidative Stress on Hematological, Oxidative, and Inflammatory Parameters

Parameter Control Group Oxidative Stress Group p-value
Red blood cell count (x108/plL) 6.75 1+ 0.41 5.98 £ 0.38 0.001
Haematocrit (%) 43.5+2.8 38.7+3.2 0.002
Haemoglobin (g/dL) 14.3+0.9 12.5+1.1 0.001
Malondialdehyde (nmol/mL) 21+0.6 53+1.0 0.001
Superoxide dismutase (U/mL) 2.85+0.43 1.92+0.35 0.001
Catalase (U/mg protein) 48.2+5.1 326143 0.001
Glutathione peroxidase (U/mL) 71.4+6.8 541174 0.001
C-reactive protein (mg/L) 1.4+0.7 49+1.2 0.001

Values are presented as mean + standard deviation. Statistical analysis was performed using an independent t-test. A p-value
< 0.05 was considered statistically significant

The results presented in Table 1 indicate a comparison of haematological parameters, oxidative
stress markers, antioxidant enzyme activities, and inflammatory indicators between the control and
oxidative stress groups. Exposure to oxidative stress resulted in a significant reduction in red blood
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cell count, haematocrit, and haemoglobin levels, indicating impaired erythrocyte integrity and oxygen-
carrying capacity. These haematological alterations were accompanied by a marked increase in
malondialdehyde levels, reflecting enhanced lipid peroxidation and oxidative damage to erythrocyte
membranes. Concurrently, the activities of key antioxidant enzymes, including superoxide dismutase,
catalase, and glutathione peroxidase, were significantly decreased, suggesting exhaustion of
endogenous antioxidant defences. The elevation of C-reactive protein levels further indicates the
presence of systemic inflammatory responses. Collectively, these findings demonstrate a close
relationship between oxidative stress-induced erythrocyte dysfunction, reduced antioxidant capacity,
and inflammation, which may contribute to early cardiovascular pathophysiological changes.

Comparison of Hematological, Oxidative, and Inflammatory Parameters

70 | WM Control
Oxidative Stress

Mean Value

Figure 1: The Comparative Analysis of Hematological and Biochemical Parameters

Figure 1 shows the comparison of haematological parameters, oxidative stress markers, antioxidant
enzyme activities, and inflammatory status between control and oxidative stress groups. The oxidative
stress group shows reduced red blood cell count, haematocrit, haemoglobin, and antioxidant enzyme
activities (SOD, CAT, and GPx), accompanied by increased malondialdehyde and C-reactive protein
levels, indicating enhanced oxidative damage and systemic inflammation (Tutino et al., 2024).

Table 2: Post Hoc Analysis

Control Oxidative
Stress Mean o Effect Size
Parameter Group G . 95% CI p-value s
+ SD) roup Difference (Cohen’s d)
(Mean + (Mean * SD)
Red blood cell
count (x10%L) | 675041 | 5.98£0.38 0.77 0.47 - 1.07 0.001 1.96
Hematocrit (%) | 43.5+2.8 38.7+3.2 48 2.06 — 7.54 0.002 1.55
Hemoglobin 143+09 | 125%1.1 18 1.00 — 2.60 0.001 1.77
(g/dL)
Malondialdehyd | 5 4, o 53+1.0 ~3.2 -3.84 -2.56 |  0.001 3.94
e (nmol/mL)
Superoxide
dismutase 285+043 | 1.92+0.35 0.93 0.64 —1.22 0.001 2.35
(U/mL)
Catalase (U/mg | 455 4 5 1 32.6+4.3 15.6 12.1-19.1 0.001 3.32
protein)
Glutathione
peroxidase 71.4+6.8 541+7.4 17.3 12.3-22.3 0.001 2.50
(U/mL)
C-reactive 1.4+07 49+12 -3.5 -4.15-2.85 0.001 3.64
protein (mg/L)

Values are presented as mean * standard deviation. Mean differences were calculated using independent t-test analysis. Effect
sizes were estimated using Cohen’s d. A p-value < 0.05 was considered statistically significant
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The results presented in table 1l showed post hoc analysis comparing haematological parameters,
oxidative stress markers, antioxidant enzyme activities, and inflammatory status between the control
and oxidative stress groups. The analysis demonstrates significant differences across all measured
variables, with large to very large effect sizes. Oxidative stress was associated with marked
reductions in red blood cell count, haematocrit, and haemoglobin, indicating substantial impairment of
erythrocyte integrity. These changes were accompanied by a pronounced increase in
malondialdehyde levels, reflecting enhanced lipid peroxidation, and significant suppression of
antioxidant enzyme activities (SOD, catalase, and glutathione peroxidase). In parallel, C-reactive
protein levels were markedly elevated, indicating activation of systemic inflammatory responses.
Collectively, the post hoc findings confirm a strong relationship between oxidative stress—induced
erythrocyte dysfunction, weakened antioxidant defence, and inflammation, supporting their
contributory role in early cardiovascular pathophysiology.

Discussion

This study demonstrates that experimentally induced oxidative stress produces profound alterations in
red blood cell integrity, antioxidant defence systems, and inflammatory status, all of which are closely
linked to early cardiovascular pathophysiology. The consistent changes observed across
haematological parameters, oxidative stress markers, antioxidant enzymes, and inflammatory
indicators highlight the central role of oxidative imbalance in disrupting erythrocyte homeostasis and
promoting conditions conducive to cardiovascular disease development.

Oxidative Stress and Erythrocyte Dysfunction

The significant reduction in red blood cell count, haematocrit, and haemoglobin observed in the
oxidative stress group indicates impaired erythrocyte integrity and oxygen-carrying capacity.
Erythrocytes are continuously exposed to high oxygen tension and iron-containing haemoglobin,
making them particularly susceptible to oxidative damage. Excessive reactive oxygen species can
induce lipid peroxidation of erythrocyte membranes, leading to increased membrane rigidity, reduced
deformability, and enhanced susceptibility to haemolysis. These structural alterations shorten
erythrocyte lifespan and may disrupt microcirculatory flow, thereby compromising tissue oxygen
delivery and exacerbating cardiovascular stress (Wang et al., 2023; Awashra et al., 2026).

Moreover, oxidative stress may also impair erythropoiesis by damaging erythroid precursors in the
bone marrow (El Hoss et al. 2026). The combined effects of increased erythrocyte destruction and
reduced production may explain the observed decline in haematological indices (Yi et al., 2022). Such
alterations are clinically relevant, as anaemia and reduced haemoglobin levels are frequently
associated with adverse cardiovascular outcomes, including myocardial ischaemia and heart failure
(Amponsah-Offeh et al., 2023).

Lipid Peroxidation and Redox Imbalance

Malondialdehyde, a well-established end product of lipid peroxidation, was markedly elevated in the
oxidative stress group, confirming extensive oxidative damage. Increased MDA levels reflect
disruption of erythrocyte membrane lipids and serve as an indicator of systemic oxidative burden.
Lipid peroxidation not only alters membrane fluidity and permeability but also generates reactive
aldehydes that can further propagate oxidative injury and inflammatory signalling (Alfhili et al., 2024).
In parallel, the significant reduction in antioxidant enzyme activities, including superoxide dismutase,
catalase, and glutathione peroxidase, suggests exhaustion or inactivation of endogenous antioxidant
defences under sustained oxidative pressure (Tripathi, 2024).

These enzymes play complementary roles in neutralising reactive oxygen species; therefore, their
suppression results in ROS accumulation and amplification of oxidative damage. In erythrocytes,
where mitochondrial antioxidant systems are absent, the impairment of these enzymes has
particularly detrimental consequences for redox homeostasis (Sadasivam et al., 2022).
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Inflammation as a Consequence of Oxidative Stress

The marked elevation of C-reactive protein levels in the oxidative stress group indicates activation of
systemic inflammatory responses. Oxidative stress is known to stimulate pro-inflammatory signalling
pathways, including nuclear factor-kappa B (NF-kB), leading to increased synthesis of acute-phase
proteins such as CRP. Elevated CRP not only serves as a biomarker of inflammation but also actively
contributes to endothelial dysfunction by promoting leukocyte adhesion, impairing nitric oxide
bioavailability, and enhancing a pro-thrombotic state (Kurt et al., 2025).

The concurrent presence of oxidative stress and inflammation suggests a bidirectional relationship in
which reactive oxygen species trigger inflammatory responses, while inflammation further amplifies
oxidative damage (Pereira, 2024). This self-perpetuating cycle accelerates vascular injury and plays a
critical role in the initiation and progression of cardiovascular diseases (Aristoteles et al., 2024).

Implications for Cardiovascular Pathophysiology

The integrated alterations observed in this study — erythrocyte dysfunction, increased lipid
peroxidation, suppressed antioxidant defences, and elevated inflammatory markers — represent

key early events in cardiovascular pathophysiology. Impaired erythrocyte deformability and reduced
oxygen delivery may exacerbate myocardial and vascular hypoxia, while oxidative and inflammatory
insults promote endothelial dysfunction and atherosclerotic progression (Di Franco et al., 2022).

Importantly, the large effect sizes observed in post hoc analyses underscore the biological relevance
of these changes. Monitoring erythrocyte-related oxidative and inflammatory biomarkers may
therefore provide valuable insights for early cardiovascular risk assessment (dos Santos et al., 2020).
Furthermore, these findings support the potential therapeutic value of strategies aimed at restoring
redox balance, such as antioxidant supplementation or pharmacological enhancement of endogenous
antioxidant systems (Valaitiené & LaucCyté-Cibulskiené, 2024).

Limitations

Despite its strengths, this study has several limitations. The use of a single oxidative stress inducer
may not fully capture the complexity of oxidative mechanisms involved in human cardiovascular
disease (Cordiano et al., 2023). Additionally, the exclusive use of male animals precludes evaluation
of sex-related differences in oxidative stress responses (Krishnamurthy et al., 2024).

Future Perspectives

Future studies should incorporate multiple oxidative stimuli, include both sexes, and extend the
analysis to vascular and cardiac histopathology to further elucidate the mechanistic links between
erythrocyte dysfunction and cardiovascular disease (Abdelazim & Abomughaid, 2024).

Translational Relevance and Clinical Implications

The findings of this study have important translational implications for cardiovascular research and
clinical practice. Alterations in erythrocyte-related oxidative and inflammatory biomarkers, such as
malondialdehyde, antioxidant enzyme activity, and C-reactive protein, may reflect early systemic
changes that precede overt cardiovascular pathology. Because red blood cell parameters are
routinely measured in clinical settings, integrating oxidative stress and inflammatory markers into
standard haematological assessments could enhance early detection and risk stratification of
cardiovascular disease (Gusnirwan & Sangging, 2024).

Furthermore, targeting erythrocyte oxidative damage through antioxidant-based or anti-inflammatory
interventions may represent a promising strategy to preserve vascular function and prevent disease
progression. These translational insights emphasise the potential role of erythrocytes not only as
passive indicators but also as active contributors to cardiovascular pathophysiology (Martinez-Vieyra
et al., 2025).
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Conclusion

This study demonstrates that oxidative stress-induces significant alterations in red blood cell integrity,
antioxidant defence systems, and inflammatory status. The observed reductions in red blood cell
count, haematocrit, and haemoglobin indicate impaired erythrocyte function, while the marked
increase in malondialdehyde levels reflects enhanced lipid peroxidation. Concurrent suppression of
key antioxidant enzymes, including superoxide dismutase, catalase, and glutathione peroxidase,
highlights a compromised redox defence system under oxidative conditions.

Collectively, these findings suggest that oxidative stress induced erythrocyte dysfunction, reduced
antioxidant capacity, and inflammation are closely interconnected processes that contribute to early
cardiovascular pathophysiology. Erythrocyte-related oxidative and inflammatory biomarkers may
therefore serve as valuable indicators for cardiovascular risk assessment and represent potential
targets for preventive and therapeutic strategies aimed at restoring redox balance and limiting
cardiovascular disease progression.

Conflict of Interest

The authors declare that there is no conflict of interest regarding the publication of this research.

Acknowledgement

The authors would like to express their sincere gratitude to the Direktorat Jenderal Riset dan
Pengembangan, Kementerian Pendidikan Tinggi, Sains dan Teknologi, for the support provided. The
authors also thank all research team members for their dedication, hard work, and invaluable
collaboration throughout the study. Appreciation is further extended to the laboratory staff and
technical assistants for their assistance in sample collection and data analysis for ensuring the
smooth operation of the laboratory work. Furthermore, | thank the institution and all administrative
staff for their support in facilitating this research project and all participants involved, whose
cooperation made this study possible. Without the collective effort of everyone involved, this research
would not have been successfully complete.

References

Abdelazim, A. M., & Abomughaid, M. M. (2024). Oxidative stress: An overview of past research and future
insights. All Life, 17(1), 2316092. https://doi.org/10.1080/26895293.2024.2316092

Alfhili, M. A.,; Alghareeb, S. A., Alotaibi, G. A., & Alsughayyir, J. (2024). Galangin triggers eryptosis and hemolysis
through Ca2+ nucleation and metabolic collapse mediated by PKC/CK1a/COX/p38/Rac1 signaling axis.
International Journal of Molecular Sciences, 25(22), 12267. https://doi.org/10.3390/ijms252212267

Amponsah-Offeh, M., Diaba-Nuhoho, P., Speier, S., & Morawietz, H. (2023). Oxidative stress, antioxidants and
hypertension. Antioxidants, 12(2), 281. https://doi.org/10.3390/antiox12020281

Aristoteles, Shatriadi, H., Haryoko, I., & Poddar, S. (2021). Comparative study of examination of LED value using
the wintrobe method and hemoglobin examination using the sahli method on rattus norvegicus Wistar Exposed to
Cigarette Smoke. Malaysian Journal of Medicine & Health Sciences.
https://medic.upm.edu.my/upload/dokumen/2021061711264702 MJMHS 1219.pdf

Aristoteles., Sansuwito, T., ., B., & ., N. (2024). The Comparative study of physical exercise towards Brain
Natriuretic Peptide (BNP) and Malondialdehyde (MDA) as oxidative stress markers in rattus novergicus wistar
strain rats. International Journal of Advancement in Life Sciences Research, 7(2), 170-177.
https://doi.org/10.31632/ijalsr.2024.v07i02.014

Awashra, A., AbuBaha, M., Mahafdah, B., AbuBaha, B., Aldwaik, S., Khaled, A., ... & Shubietah, A. (2026). Iron
balance and cardiovascular health: the double-edged role of deficiency and overload. Cardiovascular Toxicology,
26, 9. https://doi.org/10.1007/s12012-025-10086-4

Cordiano, R., Di Gioacchino, M., Mangifesta, R., Panzera, C., Gangemi, S., & Minciullo, P. L. (2023).
Malondialdehyde as a potential oxidative stress marker for allergy-oriented diseases: an update. Molecules,
28(16), 5979. https://doi.org/10.3390/molecules28165979

192


https://doi.org/10.1080/26895293.2024.2316092
https://doi.org/10.3390/ijms252212267
https://doi.org/10.3390/antiox12020281
https://openurl.ebsco.com/EPDB%3Agcd%3A12%3A2357052/detailv2?sid=ebsco%3Aplink%3Acrawler&id=ebsco%3Agcd%3A151511614&crl=f&link_origin=www.google.com
https://doi.org/10.31632/ijalsr.2024.v07i02.014
https://doi.org/10.1007/s12012-025-10086-4
https://doi.org/10.3390/molecules28165979

Aristoteles et al.
Int J Adv Life Sci Res. Volume 9(2) 186-194

Di Franco, M., Vona, R., Gambardella, L., Cittadini, C., Favretti, M., Gioia, C., ... & Pietraforte, D. (2022).
Estrogen receptors, ERK1/2 phosphorylation and reactive oxidizing species in red blood cells from patients with
rheumatoid arthritis. Frontiers in Physiology, 13, 1061319. https://doi.org/10.3389/fphys.2022.1061319

dos Santos, J. L., de Quadros, A. S., Weschenfelder, C., Garofallo, S. B., & Marcadenti, A. (2020). Oxidative
stress biomarkers, nut-related antioxidants, and cardiovascular disease. Nutrients, 12(3), 682.
https://doi.org/10.3390/nu12030682

El Hoss, S., Lizarralde-lragorri, M. A., Maciel, T. T., & Hermine, O. (2026). Erythropoiesis in health and disease:
Distinguishing defective and ineffective erythropoiesis. HemaSphere, 10(1), e70297.
https://doi.org/10.1002/hem3.70297

Ghosh, A., & Shcherbik, N. (2020). Effects of oxidative stress on protein translation: Implications for
cardiovascular diseases. International Journal of Molecular Sciences, 21(8), 2661.
https://doi.ora/10.3390/ijms21082661

Gusnirwan, A., & Sangging, P. R. A. (2024). Tinjauan: Malondialdehyde (MDA) sebagai Marker Stres Oksidatif
Berbagai Penyakit. Medical Profession Journal of Lampung, 14(2), 321-325.
https://doi.org/10.53089/medula.v14i2.990

Gwozdzinski, K., Pieniazek, A., & Gwozdzinski, L. (2021). Reactive oxygen species and their involvement in red
blood cell damage in chronic kidney disease. Oxidative Medicine and Cellular Longevity, 2021(1), 6639199.
https://doi.org/10.1155/2021/6639199

Krishnamurthy, H. K., Pereira, M., Rajavelu, |., Jayaraman, V., Krishna, K., Wang, T., ... & Rajasekaran, J. J.
(2024). Oxidative stress: fundamentals and advances in quantification techniques. Frontiers in Chemistry, 12,
1470458. https://doi.org/10.3389/fchem.2024.1470458

Kurt, B., Reugels, M., Schneider, K. M., Spiesshoefer, J., Milzi, A., Gombert, A., ... & Kahles, F. (2025). C-
reactive protein and cardiovascular risk in the general population. European Heart Journal, ehaf937.
https://doi.org/10.1093/eurheartj/ehaf937

Kwon, G., Gibson, K. M., & Bi, L. (2024). Editorial Commentary on the Special Issue “Antioxidant Therapy for
Cardiovascular Diseases”—Cutting-Edge Insights into Oxidative Stress and Antioxidant Therapy in
Cardiovascular Health. Antioxidants, 13(9), 1034. https://doi.org/10.3390/antiox13091034

Martinez-Vieyra, |., Hernandez-Rojo, |., Rosales-Garcia, V. H., Chavez-Pifia, A. E., & Cerecedo, D. (2025).
Oxidative stress and cytoskeletal reorganization in hypertensive erythrocytes. Antioxidants, 14(1), 5.
https://doi.org/10.3390/antiox14010005

Nashrullah, M., Fahyuni, E. F., Nurdyansyah, N., & Untari, R. S. (2023). Metodologi Penelitian Pendidikan
(Prosedur Penelitian, Subyek Penelitian, Dan Pengembangan Teknik Pengumpulan Data). In Metodologi
Penelitian Pendidikan (Prosedur Penelitian, Subyek Penelitian, Dan Pengembangan Teknik Pengumpulan Data)
[Educational Research Methodology (Research Procedures, Research Subjects, and Development of Data
Collection Techniques). In Educational Research Methodology (Research Procedures, Research Subjects, and
Development of Data Collection Techniques)].Umsida Press, 1-64. https://doi.org/10.21070/2023/978-623-464-
071-7

Ngadiman, N., Heza, F. N., & Wahono, B. S. (2023). Pengaruh Pemberian Vitamin E Terhadap Derajat Stress
Oksidatif Akibat Olahraga. Physical Activity Journal (PAJU), 4(2), 269-280.
https://doi.org/10.20884/1.paju.2023.4.2.8477

Nosalski, R., Siedlinski, M., Neves, K. B., & Monaco, C. (2024). The interplay between oxidative stress, immune
cells and inflammation in cardiovascular diseases. Frontiers in Cardiovascular Medicine, 11, 1385809.
https://doi.org/10.3389/fcvm.2024.1385809

Wahyu, A. E. N, Idris, I., Aras, D., Sinrang, A. W., Patellongi, I., & Nawir, N. (2023). Analysis of changes in
Malondialdehyde (MDA) and Lactate Dehydrogenase (LDH) levels after a 30 km cycling event in the makassar
cycling community. COMPETITOR: Jurnal Pendidikan  Kepelatihan  Olahraga,  15(1), 104.
https://doi.org/10.26858/cjpko.v15i1.43630

Obeagu, E. I, Igwe, M. C., & Obeagu, G. U. (2024). Oxidative stress’s impact on red blood cells: Unveiling
implications for health and disease. Medicine, 103(9), e37360. https://doi.org/10.1097/MD.0000000000037360

Pereira, C. P. M., Souza, A. C. R., Vasconcelos, A. R., & Prado, P. S. (2021). Antioxidant and anti-inflammatory
mechanisms of action of astaxanthin in cardiovascular diseases. International Journal of Molecular Medicine,
47(1), 37-48. https://doi.org/10.3892/ijmm.2020.4783

Pereira, M. (2024). No Title. February, 0—2. https://doi.org/10.14293/PR2199.000699.v1

Sadasivam, N., Kim, Y. J., Radhakrishnan, K., & Kim, D. K. (2022). Oxidative stress, genomic integrity, and liver
diseases. Molecules, 27(10), 3159. https://doi.org/10.3390/molecules27103159

193


https://doi.org/10.3389/fphys.2022.1061319
https://doi.org/10.3390/nu12030682
https://doi.org/10.1002/hem3.70297
https://doi.org/10.3390/ijms21082661
https://doi.org/10.53089/medula.v14i2.990
https://doi.org/10.1155/2021/6639199
https://doi.org/10.3389/fchem.2024.1470458
https://doi.org/10.1093/eurheartj/ehaf937
https://doi.org/10.3390/antiox13091034
https://doi.org/10.3390/antiox14010005
https://doi.org/10.21070/2023/978-623-464-071-7
https://doi.org/10.21070/2023/978-623-464-071-7
https://doi.org/10.20884/1.paju.2023.4.2.8477
https://doi.org/10.3389/fcvm.2024.1385809
https://doi.org/10.26858/cjpko.v15i1.43630
https://doi.org/10.1097/MD.0000000000037360
https://doi.org/10.3892/ijmm.2020.4783
https://doi.org/10.14293/PR2199.000699.v1
https://doi.org/10.3390/molecules27103159

Aristoteles et al.
Int J Adv Life Sci Res. Volume 9(2) 186-194

Tripathi, R. (2024). Antioxidants: Types , Functions and Usage. International Journal of Scientific Research In
Science and Technology, 11(6), 442—454. https://doi.org/10.32628/IJSRST24114308

Tugasworo, D., Prasetyo, A., Kurnianto, A., Retnaningsih, R., Andhitara, Y., Ardhini, R., & Budiman, J. (2023).
Malondialdehyde (MDA) and 8-hydroxy-2'-deoxyguanosine (8-OHdG) in ischemic stroke: A systematic review.
The Egyptian Journal of Neurology, Psychiatry and Neurosurgery, 59(1), 87. https://doi.org/10.1186/s41983-023-
00688-6

Tutino, V., De Nunzio, V., Donghia, R., Aloisio Caruso, E., Cisternino, A. M., lacovazzi, P. A., ... & Notarnicola, M.
(2024). Significant increase in oxidative stress indices in erythrocyte membranes of obese patients with
metabolically-associated fatty liver disease. Journal of Personalized Medicine, 14(3), 315.
https://doi.org/10.3390/jpm 14030315

Valaitiene, J., & Laucyté-Cibulskiené, A. (2024). Oxidative stress and its biomarkers in cardiovascular diseases.
Artery Research, 30(1), 18. https://doi.org/10.1007/s44200-024-00062-8

Wang, Y., Luo, D., Jiang, H., Song, Y., Wang, Z., Shao, L., & Liu, Y. (2023). Effects of physical exercise on
biomarkers of oxidative stress in healthy subjects: A meta-analysis of randomized controlled trials. Open Life
Sciences, 18(1), 20220668. https://doi.org/10.1515/biol-2022-0668

Yi, X., Zhu, Q. X,, Wu, X. L., Tan, T. T., & Jiang, X. J. (2022). Histone methylation and oxidative stress in
cardiovascular  diseases.  Oxidative  Medicine  and  Cellular ~ Longevity,  2022(1), 6023710.
https://doi.org/10.1155/2022/6023710

194


https://doi.org/10.32628/IJSRST24114308
https://doi.org/10.1186/s41983-023-00688-6
https://doi.org/10.1186/s41983-023-00688-6
https://doi.org/10.3390/jpm14030315
https://doi.org/10.1007/s44200-024-00062-8
https://doi.org/10.1515/biol-2022-0668
https://doi.org/10.1155/2022/6023710

