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Abstract  

Background: Antiandrogens such as Flutamide and Bicalutamide are commonly used in treating prostate cancer and 
other androgen-related conditions. However, their impact on cardiac health remains inadequately explored. This study 
aims to investigate the cardiovascular effects of these antiandrogens in adult male Wistar rats, focusing on cardiac 
biomarkers, antioxidant enzyme levels, and oxidative stress indicators.  

Methods: Adult male Wistar rats were divided into three groups: a control group and two treatment groups receiving 
50 mg/kg Flutamide and 10 mg/kg Bicalutamide, respectively, for 21 days. Body weight changes, heart weight, and 
serum levels of cardiac biomarkers (LDH, cTn-I, CK-MB) were measured. Oxidative stress was assessed by measuring 
superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), and malondialdehyde (MDA) levels.  

Results: Flutamide and Bicalutamide treatment resulted in a significant decrease in relative heart weight, with values 
of 0.43 ± 0.04 g for Flutamide and 0.45 ± 0.05 g for Bicalutamide compared to 0.61 ± 0.06 g in the control group. Weight 
gain was also significantly reduced, with percentages of 17.77 ± 0.99% for Flutamide and 12.82 ± 0.91% for 
Bicalutamide, while the control group had 25.47 ± 0.55%. Elevated cardiac biomarkers were observed, with cTn-I levels 
of 58.69 ± 0.52 ng/ml for Flutamide and 56.98 ± 0.54 ng/ml for Bicalutamide compared to 52.23 ± 1.72 ng/ml in 
controls. Additionally, CK-MB levels increased to 29.84 ± 0.47 ng/ml for Flutamide and 31.34 ± 0.52 ng/ml for 
Bicalutamide from 19.02 ± 1.54 ng/ml in the control group. Antioxidant levels (SOD, CAT, GSH) were significantly 
reduced, with SOD at 6.17 ± 0.07 U/mg protein for Flutamide and 5.70 ± 0.15 U/mg protein for Bicalutamide, and MDA 
levels were significantly elevated to 1.88 ± 0.06 U/mg and 1.99 ± 0.52 U/mg, respectively, compared to 0.94 ± 0.06 U/mg 
in controls.  

Conclusion: The findings indicate that Flutamide and Bicalutamide exert significant adverse effects on cardiac health, 
leading to oxidative stress and myocardial damage. These results calls for careful cardiovascular monitoring and 
consideration of antioxidant co-therapy during long-term antiandrogen treatment to mitigate potential cardiac risks in 
patients undergoing such therapies. 
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1. Introduction 

Pharmaceutical agents, commonly referred to as drugs, are chemical compounds that exert specific biological effects on 
humans or animals, often used in the treatment, mitigation, prevention, or diagnosis of diseases or to enhance physical 
or mental well-being (Okwakpam et al., 2018). Drugs may be administered for short-term use in acute conditions or on 
a long-term basis for chronic disorders. Generally, they work by interacting with normal or abnormal physiological 
processes within biological systems to produce intended therapeutic effects. In some cases, however, the desired 
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biological action may come with adverse side effects that complicate treatment, particularly in the context of long-term 
therapy. 

Bicalutamide, chemically known as 4-Cyano-3-(trifluoromethyl)phenyl-3-(4-fluorophenyl)sulfonyl-2-hydroxy-2-
methylpropanamide, is a potent non-steroidal anti-androgen frequently used in combination with luteinizing hormone-
releasing hormone (LHRH) agonists to manage symptoms associated with metastatic prostate cancer (Fradet, 2004). 
Acting purely as an androgen antagonist, bicalutamide blocks androgen receptor (AR) pathways stimulated by adrenal 
and testicular androgens, effectively curbing the growth of normal and malignant prostatic tissue (Scher et al., 1997; 
Osguthorpe & Hagler, 2011). Another prominent anti-androgen agent, flutamide, is similarly used in prostate cancer 
treatment and functions as a competitive AR antagonist. Flutamide, with the chemical structure 2-methyl-N-[4-nitro-3-
(trifluoromethyl) phenyl] propanamide, is commonly administered alongside castration therapy to inhibit the 
progression of metastatic prostate carcinoma (Barqawi et al., 2003; National Institute of Diabetes and Digestive and 
Kidney Diseases, 2012). 

While anti-androgen therapy has proven effective for managing advanced prostate cancer, emerging evidence suggests 
potential cardiovascular risks, including myocardial infarction and ischemic stroke, associated with prolonged anti-
androgen use (Martín-Merino et al., 2011). Cardiovascular diseases (CVDs) remain a leading cause of mortality 
worldwide, with ischemic heart diseases—particularly acute myocardial infarction (MI)—posing significant health 
risks despite advancements in medical treatments (Scailteux et al., 2017). Cardiotoxicity in this context can lead to 
myocardial infarction through necrosis of cardiac cells, which often arises from ischemia resulting from an imbalance 
between oxygen supply and cardiac demand (Kulkarni et al., 2021). 

One approach to identifying and understanding such adverse effects is through cardiac biomarkers, which are molecular 
indicators found in blood, other body fluids, or tissues that signal normal or abnormal biological processes (Bhatnagar 
& Jain, 2024). Biomarkers provide valuable insight into disease progression, early diagnosis, and treatment response, 
and have become increasingly important in cardiovascular research (Wong & Tse, 2021). Given the potential cardiac 
risks of long-term anti-androgen use, this study investigates the impact of chronic administration of anti-androgenic 
agents, specifically bicalutamide and flutamide, on cardiac biomarkers in adult male Wistar rats. Through this approach, 
the study aims to elucidate the effects of these agents on cardiac health, potentially contributing to a broader 
understanding of their cardiotoxic implications in prostate cancer therapy. 

2. Material and methods 

2.1. Experimental animals 

A total of 15 rats were used for this study. The rats were obtained from the animal house of University of Port Harcourt, 
Nigeria. They were allowed to acclimatize for 7 days under laboratory conditions with free access to feed and water. 

2.2. Experimental design 

An experimental research design was adopted, conducted under controlled laboratory conditions with a randomized 
distribution of animal subjects into distinct treatment groups. The study involved fifteen (15) albino rats, which were 
randomly assigned to three groups, each comprising five (5) rats. Group 1 served as the control group and was provided 
with only rat feed and water, ensuring no exposure to the test compounds. Group 2 received a treatment dose of 50 
mg/kg of flutamide, an anti-androgenic agent, administered at a consistent rate. Group 3 was treated with 10 mg/kg of 
bicalutamide, another anti-androgenic compound, administered under similar conditions. The drugs were administered 
to the rats orally once daily for 21 days. 

2.3. Sample collection/preparation 

On the last day of the dosage administration the animals were fasted overnight, and weighted. The animals were 
sacrificed via cervical dislocation, blood samples were collected in plain bottles and heart tissues were harvested and 
placed in plain bottle. 

2.4. Preparation of heart homogenates  

One gram of heart tissue was homogenized in 5 ml of phosphate buffer solution using a laboratory mortar and pestle. 
The homogenate was then centrifuged at 3000 rpm for 10 minutes using a bench centrifuge. After centrifugation, the 
clear supernatant was carefully transferred into a clean, labelled bottle. This supernatant was subsequently used for the 
antioxidant assays. 
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2.5. Determination of antioxidant parameters in heart homogenate 

2.5.1 Catalase activity 

The method utilized for assessing catalase activity was adapted from Heck et al. (2010). This approach measures 
catalase activity by monitoring the decomposition of hydrogen peroxide (H₂O₂), which is detected as a decrease in 
absorbance at 240 nm. The reaction mixture consisted of 13.2 nM H₂O₂ in a 50 mM phosphate buffer (pH 7.0) and 0.1 
ml of heart cell homogenate. A control was also prepared, containing only the phosphate buffer and cell homogenate, 
without H₂O₂. The catalase activity, which was calculated based on the breakdown of H₂O₂, was expressed as 
micromoles of H₂O₂ decomposed per minute per gram of tissue. 

2.6. Superoxide dismutase (SOD) activity 

The SOD activity assay was based on the inhibition of nitroblue tetrazolium (NBT) reduction. This reaction occurs when 
riboflavin, in the presence of oxygen and methionine, generates superoxide ions, which are measured as an absorbance 
change at 560 nm. The reaction mixture consisted of 1.9 ml of phosphate buffer (pH 7.8), methionine, NBT, and 
riboflavin, with serum added to bring the final volume to 3 ml. The illumination process was performed for 10 minutes 
in an aluminum foil-lined box using a 15W fluorescent lamp. The control solution lacked the enzyme source. SOD activity 
was calculated as the enzyme concentration required to inhibit the NBT reduction by 50%. 

2.7. Lipid peroxidation (Malondialdehyde - MDA) levels 

Lipid peroxidation levels were determined by measuring malondialdehyde (MDA) as an indicator of oxidative damage. 
MDA, a by-product of lipid degradation, reacts with thiobarbituric acid (TBA) to form a red or pink complex that absorbs 
at 532 nm. For the analysis, 0.1 ml of serum was combined with 0.9 ml of water, followed by the addition of 0.5 ml each 
of 25% trichloroacetic acid (TCA) and 1% TBA in 0.3% NaOH. This mixture was heated for 40 minutes at 95°C, cooled, 
and then 0.1 ml of 20% sodium dodecyl sulfate (SDS) was added. Absorbance was measured at 532 nm, with MDA levels 
reported in mg/dl. 

2.8. Glutathione peroxidase (GPx) activity 

The assay for glutathione peroxidase (GPx) activity was based on the reduction of NADPH to NADP+, observed as a 
decrease in absorbance at 340 nm. To each well, 120 μl of assay buffer, 50 μl of co-substrate mixture, and varying control 
or sample conditions were added. For the positive control wells, 100 μl of assay buffer, 50 μl of co-substrate mixture, 
and 20 μl of diluted GPx control were used. For the sample wells, 100 μl of assay buffer, 50 μl of co-substrate mixture, 
and 20 μl of the sample were added. Each reaction was initiated by adding 20 μl of cumene hydroperoxide, and 
absorbance at 340 nm was measured over time using a plate reader. GPx activity was calculated in units/mg protein. 

2.9. Histological examination 

The heart tissues were transferred into 10% chloroform and trimmed to a thickness of 2 mm to 4 mm, facilitating the 
penetration of the fixative. The processing of the tissues followed standard methods outlined by Baker (1945) and 
Isirima and Uahomo (2023). These included stages of fixation, dehydration, clearing, impregnation, embedding, 
sectioning, and staining with hematoxylin and eosin (H&E), concluding with the mounting of the sections. 

2.10. Statistical Analysis of data  

The generated data were analysed by comparing the value for the different treatment groups with the values for the 
control. The one-way analysis of variance was used to determine if there was a statistically significant difference among 
the experimental groups. The result was said to be statistically significant at a p value <0.05. The values was expressed 
as mean ± standard error of mean (S.E.M).  

2.11. Ethical considerations  

Ethical considerations for this study were rigorously upheld to ensure the welfare of the animals and compliance with 
research standards. Ethical approval was obtained from the Institutional Animal Care and Use Committee (IACUC) of 
the Rivers State University prior to the study. Adult male Wistar rats were housed in a controlled environment with 
adequate space, food, and water. The study adhered to the 3Rs principle: Reduction, Replacement, and Refinement, 
minimizing the number of animals used while ensuring high-quality data. Pain and distress were minimized through 
careful monitoring and appropriate interventions, with all procedures performed by trained personnel to ensure 
humane treatment. Humane euthanasia was conducted at the study's conclusion, following accepted guidelines to 
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prevent suffering. The research team committed to transparency and integrity, ensuring findings would be reported 
honestly and accurately. By upholding these ethical principles 

3. Results 

After a 21-day treatment period, Tables 1 to 4 shows the effects of Flutamide and Bicalutamide on the body weight, 
heart weight, cardiac biomarkers, and oxidative stress biomarkers of adult male Wistar rats. In Table 1, rats in the 
control group exhibited a weight gain of 40.76 ± 1.20g (25.47 ± 0.55%), while those treated with 50 mg/kg of Flutamide 
showed a significantly lower weight gain of 29.33 ± 1.86g (17.77 ± 0.99%), and rats treated with 10 mg/kg Bicalutamide 
had a further reduced weight gain of 22.33 ± 0.66g (12.82 ± 0.91%), indicating that Flutamide and Bicalutamide 
treatments may lead to reduced body weight increment over time. In Table 2, the percentage of relative heart weight in 
the control group was 0.30 ± 0.0026g, while the Flutamide-treated group showed a reduced percentage at 0.22 ± 
0.0008g, and the Bicalutamide group similarly displayed 0.23 ± 0.0008g. Although the final body and heart weights 
showed no significant differences across groups, the reduced relative organ weight suggests a possible organ weight 
suppression effect from both drugs.  

Table 3 reveals that cardiac biomarkers, specifically CK-MB and troponin-T, were significantly elevated in the treatment 
groups. CK-MB levels in the control group were 19.02 ± 1.54 ng/ml, whereas they increased to 29.84 ± 0.47 ng/ml and 
31.34 ± 0.52 ng/ml in the Flutamide and Bicalutamide groups, respectively. Similarly, troponin-T levels rose from 52.23 
± 1.72 ng/ml in the control to 58.69 ± 0.52 ng/ml in the Flutamide group and 56.98 ± 0.54 ng/ml in the Bicalutamide 
group. LDH levels, however, showed no significant variation, with values around 304.3 ± 12.45 U/L across all groups. 
These elevated CK-MB and troponin-T levels suggest potential cardiotoxicity due to the treatments. Table 4 indicates 
that oxidative stress biomarkers were significantly affected by Flutamide and Bicalutamide. In treated groups, the SOD 
levels were notably reduced from 8.57 ± 0.16 U/mg protein in the control to 6.17 ± 0.07 U/mg protein and 5.70 ± 0.15 
U/mg protein in the Flutamide and Bicalutamide groups, respectively. CAT activity decreased from 14.59 ± 0.60 U/mg 
protein in the control to 10.17 ± 0.13 U/mg protein with Flutamide and 9.08 ± 0.68 U/mg protein with Bicalutamide. 
GSH levels also diminished from 26.60 ± 0.64 U/mg protein in the control to 15.85 ± 1.53 U/mg protein (Flutamide) and 
14.76 ± 0.35 U/mg protein (Bicalutamide). Meanwhile, MDA levels, indicative of lipid peroxidation, significantly 
increased from 0.94 ± 0.06 U/mg in the control to 1.88 ± 0.06 U/mg and 1.99 ± 0.52 U/mg in Flutamide and Bicalutamide 
groups, respectively. These changes reflect increased oxidative stress and impaired antioxidant defenses in treated rats' 
heart tissues. 

Table 1 Effect of Flutamide and Bicalutamide on Body Weight of Adult Male Wistar Rats 

Groups Initial Body Weight (g) Weight Gain (g) Percentage Weight Gain (g) 

Control 159.7 ± 2.60a 40.76 ± 1.20a 25.47 ± 0.55a 

50 mg/kg Flutamide 165.0 ± 2.08a 29.33 ± 1.86b 17.77 ± 0.99b 

10 mg/kg Bicalutamide 175.3 ± 1.80a 22.33 ± 0.66b 12.82 ± 0.91b 

Values are expressed as Mean ± standard error of mean (SEM). Values with the same superscript down the column are not significantly different at 
(p < 0.05). 

Table 2 Effect of Flutamide and Bicalutamide on Percentage Mean heart Weight (g) of Adult Male Wistar Rats. 

Groups Final Weight(g) Organ Weight (g) % Relative Organ Weight 

Control 200.3 ± 3.53a 0.61± 0.06a 0.30 ± 0.0026a 

50 mg/kg Flutamide 194.3 ± 3.53a 0.43± 0.04a 0.22± 0.0008b 

10 mg/kg Bicalutamide 197.7 ± 7.21a 0.45± 0.05a 0.23± 0.0008b 

Values are expressed as Mean ± Standard error of mean (SEM). Values with the same superscript down the column are not significantly different at 
(p<0.05). 
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Table 3 Effect of Flutamide and Bicalutamide on Cardiac Biomarkers of Adult Male Wistar Rats 

Groups LDH (U/L) TROPONIN (ng/ml) CK-MB (ng/ml) 

Control 304.3 ± 12.45a 52.23± 1.72a 19.02 ± 1.54a 

50 mg/kg Flutamide 312.3 ± 7.17a 58.69± 0.52b 29.84 ± 0.47b 

10 mg/kg Bicalutamide 309.3 ± 8.69a 56.98± 0.54b 31.34 ± 0.52b 

Values are expressed as Mean ± Standard error of mean (SEM). Values with the same superscript down column are not significantly different at 
(p<0.05).  

 

Table 4 Effect of Flutamide and Bicalutamide on Oxidative Stress Biomarkers of Adult Male Wistar Rats 

Groups SOD U/ mg Protein CAT U/ mg Protein  GSH U/mg Protein MDA U/mg 

Control 8.57 ± 0.16a 14.59 ± 0.60a 26.60 ± 0.64a 0.94 ± 0.06a 

50 mg/kg Flutamide 6.17±0.07b 10.17± 0.13b 15.85 ± 1.53b 1.88 ± 0.06b 

10 mg/kg Bicalutamide 5.70± 0.15b 9.08 ± 0.68b 14.76 ± 0.35b 1.99 ± 0.52b 

Values are expressed as Mean ± Standard error of mean (SEM). Values with the same superscript within a column are not significantly different at 
(p<0.05) 

3.1. Results of histological examination of the heart  

 

Figure 1 Photomicrograph of the heart of control group rats showing normal histology of the heart H & Ex 160. 
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Figure 2 Photomicrography of the heart of 50mg/lg Flutamide group rats showing heart with mild multifocal areas of 
Zenker’s necrosis of the cardiomyocytes (arrow). The affected cardiomyocytes appear hypereosinophilic with 

pyknotic nuclei. H&Ex 200. 

 

 

Figure 3 Photomicrograph of the heart of 10mg/kg bicalutamide administered group rats showing moderate to 
marked multifocal areas of Zenker’s necrosis of the cardiomyocytes (arrow). The affected cardiomyocytes appear 

hyper eosinophilic with pyknotic nuclei 
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4. Discussion  

The study examined the effects of Flutamide and Bicalutamide on various health parameters in adult male Wistar rats, 
including body weight, relative heart weight, cardiac biomarkers, oxidative stress markers, and heart histology, to 
assess potential cardiotoxic impacts of these antiandrogen treatments. The findings provided valuable insights into how 
these drugs may alter physiological and biochemical conditions associated with cardiac health. 

Initially, both drugs led to a noticeable reduction in relative heart weight in treated rats. The observed reduction in 
heart weight might indicate an underlying mechanism of tissue and muscle mass loss influenced by antiandrogen 
treatment. This is consistent with the findings of Khurhid et al. (2014), who documented decreased organ weights in 
adult Wistar rats upon similar treatments. Antiandrogens like Flutamide and Bicalutamide could disrupt the normal 
anabolic signalling in cardiac muscle, leading to a reduction in cellular growth or maintenance. Over time, this may 
manifest as a lowered relative heart weight, which could contribute to compromised cardiac function under stress or 
physical demands. 

The LDH levels showed no significant differences between treated and control groups, which suggests that Flutamide 
and Bicalutamide did not cause widespread tissue damage that typically releases LDH into circulation. LDH is abundant 
in tissues like the heart, liver, and muscles, and elevated levels are often seen in response to cellular damage or necrosis. 
The absence of significant changes in LDH levels implies that, while the treatments may cause specific cardiac effects, 
they do not produce extensive tissue destruction across major organs in the body, thus providing a perspective on the 
selective nature of any potential cardiotoxicity associated with these antiandrogens. 

In contrast, cardiac troponin I (cTn-I) levels significantly increased in both treated groups. This rise in cTn-I, a highly 
specific marker for myocardial injury, suggests that both Flutamide and Bicalutamide may indeed damage cardiac 
muscle cells, possibly through oxidative stress or a direct toxic effect on cardiac myocytes. Cardiac troponins, 
particularly cTn-I and cTn-T, are extremely sensitive markers for myocardial injury, which makes them invaluable in 
clinical diagnostics for identifying heart muscle damage, as highlighted by Ndem and David (2017). Since troponins are 
typically undetectable in healthy individuals or present only in trace amounts, the detected increase in treated groups 
implies some level of myocardial stress or injury, which could escalate into more significant cardiovascular problems 
over prolonged use. 

Further supporting this, the levels of CK-MB, another cardiac marker, also rose significantly in both drug-treated groups. 
CK-MB is an enzyme primarily present in cardiac tissue, and its release into circulation is closely linked with myocardial 
injury or energy metabolism disruption within cardiac muscle. Tiwari et al. (2008) found that CK-MB levels increase 
during myocardial ischemia, and its presence in circulation aligns with acute myocardial injury. The significant rise in 
CK-MB seen here suggests that both Flutamide and Bicalutamide may impair the energy supply chain in cardiac cells or 
contribute to cellular stress in the heart muscle, likely by affecting mitochondrial function or cellular metabolism. 

In terms of oxidative stress markers, both Flutamide and Bicalutamide significantly decreased SOD levels, a vital 
antioxidant enzyme. SOD plays a critical role in reducing oxidative stress by converting harmful superoxide radicals 
into less reactive forms. The reduced SOD activity in treated rats implies that the antioxidant defenses in these animals 
were compromised, which could make the cardiac cells more vulnerable to oxidative damage. Lower SOD levels have 
been linked to various cardiovascular conditions, including hypertension and heart failure, as shown by Kumar et al. 
(2020). By lowering SOD, these drugs may inadvertently make the heart more susceptible to oxidative stress-related 
damage, which could further lead to inflammation and structural deterioration. 

The CAT levels also showed a reduction in the treated groups, highlighting another area where antioxidant defense was 
weakened. Catalase is essential in breaking down hydrogen peroxide, a potentially harmful byproduct of cellular 
metabolism, into harmless water and oxygen. Reduced CAT activity implies that hydrogen peroxide is not adequately 
neutralized, thereby increasing the risk of oxidative stress and tissue damage. This decline aligns with findings by Al-
Abrash et al. (2000), who noted associations between low catalase activity and cardiovascular diseases. The 
simultaneous decrease in both SOD and CAT activities suggests a substantial oxidative imbalance, making the cardiac 
tissues particularly susceptible to oxidative stress and possible lipid peroxidation. 

A similar trend was observed in GSH levels, which also dropped significantly in treated rats. GSH is another crucial 
antioxidant that plays a central role in protecting cells from oxidative stress. Reduced levels of GSH are commonly 
associated with oxidative stress and have been implicated in diseases such as cardiovascular disorders and cancer, as 
discussed by Serru et al. (2001). The lowered GSH levels here indicate that the Flutamide and Bicalutamide treatments 
may compromise cellular defense mechanisms, possibly by affecting the synthesis or regeneration of GSH. This 
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depletion, combined with reduced SOD and CAT activities, creates a scenario of elevated oxidative stress, which can 
progressively damage cell membranes, proteins, and even DNA in cardiac cells. 

The MDA levels, which serve as a marker for lipid peroxidation, were significantly higher in treated rats compared to 
controls. MDA is a byproduct of lipid peroxidation, an indication of oxidative damage to cell membranes. The observed 
increase in MDA levels aligns with findings by Selvakumar et al. (2012) and reinforces the idea that antiandrogen 
treatments may contribute to oxidative stress. Elevated MDA levels suggest that the lipid bilayers of cellular membranes 
are undergoing peroxidation, which can compromise cell integrity and function. This finding supports previous research 
that links MDA to oxidative stress and cellular damage, emphasizing the need for close monitoring of patients on long-
term antiandrogen therapy. 

Histological examination of cardiac tissues further supported the biochemical findings. The treated rats exhibited 
significant alterations in cardiac architecture, showing mild to moderate areas of Zenker’s necrosis in the heart tissue. 
This form of necrosis is marked by hypereosinophilic cells with pyknotic nuclei, reflecting cell death and structural 
compromise within cardiac tissue. Such changes indicate that Flutamide and Bicalutamide may indeed have a direct 
toxic effect on cardiac cells, leading to necrosis. Zenker’s necrosis is generally associated with severe metabolic 
disturbances or toxic injury, suggesting that these drugs may interfere with energy metabolism or induce oxidative 
stress severe enough to cause irreversible cellular damage.  

5. Conclusion 

This study provides compelling evidence that Flutamide and Bicalutamide treatment exerts multiple deleterious effects 
on cardiac health, evident through reduced heart weight, elevated cardiac biomarkers, compromised antioxidant 
defenses, and heightened lipid peroxidation. These findings showcase the associated cardiotoxicity risk of long-term 
antiandrogen therapy, where oxidative stress and myocardial injury appear to be central mechanisms of damage. The 
chronic administration of Flutamide and Bicalutamide likely contributes to cardiac hypertrophy and oxidative damage, 
exacerbated by an upsurge in reactive oxygen species (ROS) that suppresses key antioxidant enzymes and non-
enzymatic peptides, including glutathione. This highlights an urgent need for careful monitoring and consideration of 
antioxidant co-therapy to mitigate potential cardiovascular risks during extended antiandrogen treatment, particularly 
in vulnerable populations. 
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