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ABSTRACT

Background: The use of anabolic androgenic steroids (AAS) like Nandrolone Decanoate (ND) for enhancing physical performance
and muscle growth is prevalent among athletes and non-athletes. However, the adverse effects of AAS on organ systems, particularly
the kidney and heart, have been a growing concern within the medical and scientific community. Previous studies have highlighted
the potential nephrotoxic and cardiotoxic effects of these substances, necessitating further research to elucidate the extent of organ
damage.

Objective: This study aims to investigate the histopathological effects of ND on the kidney and heart tissues of Rattus norvegicus and
to draw comparisons with control groups to assess the severity of organ damage.

Methods: A total of 15 Rattus norvegicus were divided into three groups: a control group, an olive oil group (positive control), and a
steroid group (ND treated). The animals were housed under controlled conditions with a 12-hour light/dark cycle at 23+2°C. The
steroid and olive oil groups received 50mg/ml intramuscular injections of ND and olive oil, respectively, twice weekly for six weeks.
Following treatment, the animals were euthanized, and their kidney and heart tissues were extracted for histological examination.
Tissues were fixed in 10% formalin, processed, and stained with Hematoxylin and Eosin (H&E) for microscopic evaluation.

Results: Histological analysis revealed significant alterations in the ND-treated group compared to controls. Kidney tissues from the
ND group exhibited tubular dilation, epithelial degeneration, and necrosis with a noticeable increase in Bowman's space and vascular
congestion. Quantitatively, tubular atrophy and degeneration were observed in 80% of the ND-treated animals, compared to none
in the control and olive oil groups. Heart tissues in the ND group showed evidence of myocardial fibrosis and necrosis, with
myocardial fibrosis observed in 70% of the steroid-treated animals, significantly higher than the control groups.

Conclusion: The administration of Nandrolone Decanoate in Rattus norvegicus significantly impacts kidney and heart histology,
underscoring the potential health risks associated with AAS use. These findings contribute to the growing body of evidence on the
nephrotoxic and cardiotoxic effects of steroids, emphasizing the need for caution and further research in human healthcare to
develop safer therapeutic alternatives.
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INTRODUCTION

Anabolic androgenic steroids (AAS) have long been utilized outside of their medicinal purposes, particularly among professional
athletes seeking to enhance performance and muscle mass (1, 2). This practice of AAS use traces back to historical instances, notably
during World War Il when German soldiers reportedly used these substances to increase aggression. Over the years, the allure of
AAS has broadened, appealing not just to athletes but also to individuals aiming for rapid body mass increase. Despite their
popularity, the public remains largely uninformed about the significant adverse effects AAS can induce when consumed in excessive
amounts. AAS, synthetic derivatives of the sex hormone testosterone, embody both anabolic and androgenic properties, enhancing
muscle size and male physical characteristics respectively (3-5). These steroids operate through complex mechanisms, stimulating
muscle cells to augment protein production, thereby increasing muscle mass. Their anabolic effect is bolstered by more than 100
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synthetic derivatives of testosterone, which not only amplify muscle growth but also alter body chemistry to reduce recovery time
post-exercise, potentially leading to more aggressive behavior (1, 4).

Medicinally, AAS have been employed to treat a variety of conditions including delayed puberty, impotence, hypogonadism, muscle
wasting in chronic diseases, depression, and certain types of anemia and breast cancer, owing to their ability to stimulate growth
and regeneration in specific tissues (6, 7). However, the non-medical use of AAS is fraught with severe side effects, such as
masculinization in women and children, gynecomastia in males, atherosclerosis, hypertension, liver disorders, and an increased risk
of cardiovascular diseases (8-10). The liver, in particular, can suffer structural and functional alterations with high doses of AAS,
leading to an elevated serum level of hepatic enzymes—a marker of liver stress. Similarly, the heart is at an increased risk of
cardiovascular diseases due to the alterations in body chemistry caused by these steroids (6, 11).

Nandrolone Decanoate, a commonly used AAS, exhibits specific adverse effects on the kidney and heart of Rattus norvegicus, serving
as a model for understanding potential impacts in humans. The substance's action on the kidneys and heart highlights the critical
need for awareness regarding the safe use of AAS and the potential health risks associated with their abuse. The adverse effects
observed in these organs underscore the complex interplay between AAS and body systems, necessitating a cautious approach to
their use, particularly in non-medical contexts. As research continues to unveil the intricacies of AAS interactions with various bodily
systems, it becomes imperative for both the medical community and the public to reevaluate the consumption of these substances,
balancing their beneficial uses against the potential for significant harm (7, 12-15).

MATERIAL AND METHODS

In the conducted study, the primary objective was to assess the histopathological alterations in the kidney and heart tissues of Rattus
norvegicus following administration of Nandrolone Decanoate in comparison to control groups treated with olive oil. The
experimental animals were systematically categorized into three groups, each comprising five individuals, to ensure uniformity in
the sample size for accurate comparative analysis. The environmental conditions under which the animals were housed were
meticulously controlled, with a constant temperature maintained at 23+2°C and a regulated 12-hour light-dark cycle to minimize
external stressors that could influence the study's outcomes (16, 17).

Group C and Group B were administered intramuscular injections of Nandrolone Decanoate and olive oil, respectively, at a
concentration of 50mg/ml. These administrations were conducted in the hind limb of the subjects, repeated twice weekly, to
maintain consistent dosing intervals over a duration of six weeks. Group A served as the control group, receiving no such treatments,
to provide a baseline for comparative evaluation. Following the completion of the treatment period, the animals were humanely
euthanized, and the kidney and heart tissues were carefully excised for further examination (18, 19).

The collected tissues were then preserved in 10% formalin solution and stored in appropriately labeled glass vials to ensure their
integrity for histopathological assessment. Subsequent to the fixation process, the tissues underwent Hematoxylin and Eosin (H&E)
staining, a critical step for enhancing the visibility of cellular components and tissue structures under microscopic examination.
Microphotography was employed to capture detailed images of the stained sections at various magnifications, facilitating a thorough
analysis of the histopathological changes induced by the treatments (20-23).

The ethical considerations of the study were rigorously adhered to, following the principles outlined in the Declaration of Helsinki
regarding biomedical research involving animals. The experimental protocol was reviewed and approved by an Institutional Animal
Care and Use Committee (IACUC), ensuring compliance with ethical guidelines for the humane treatment of animals. This included
considerations for minimizing discomfort, pain, and stress to the animals throughout the study, from housing conditions to the
method of euthanasia. The study's design and execution were thus conducted with a commitment to ethical standards in animal
research, aiming to contribute valuable insights into the effects of Nandrolone Decanoate on mammalian tissue histopathology while
upholding the principles of responsible scientific inquiry (8, 11, 24).

RESULTS

Kidney Histopathology Results

Control Group (Group A)

The kidney tissues of the control group exhibited standard histological features with clear demarcation between the cortex and
medulla. The cortex was densely populated with renal corpuscles, which included intact Bowman’s capsules and glomeruli.
Additionally, the renal tubules—comprising proximal convoluted tubules, distal convoluted tubules, and collecting ducts—were
normal in appearance. This was consistent across microscopic observations at various magnifications: 10x magnification highlighted
the general architecture of the cortex and medulla, while 40x magnification provided detailed views of the renal tubules and
glomeruli, all of which appeared unremarkable and typical of healthy renal tissue.
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Olive Oil Group (Group B)
Animals in Group B, which were treated with olive oil, similarly displayed normal renal histology. The structural integrity of the cortex,
medulla, renal corpuscles, and tubular components was preserved, mirroring the histological characteristics observed in the control
group. Microscopic examination at 10x and 40x magnifications confirmed the absence of pathological changes, underscoring the
non-toxicological effect of olive oil on renal tissue in this experimental context.
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Steroid Group (Group C)
In contrast, the kidney
tissues from Group C,

subjected to Nandrolone
Decanoate  treatment,
demonstrated notable

histopathological
alterations. Dilatation of

renal tubules, tubular
atrophy, and vacuolar
degeneration of the
epithelial lining in
proximal convoluted

tubules were prominent.

.

("‘: W
) AN

LN

Additionally, necrosis and

‘ ‘\ 1A
A

P U (‘gl;_. X
2 \ PR

epithelial sloughing

Ay A
Figure 1 H&E stained slides of kidney and heart tissues from different groups. Kidney slides display cortex, medulla, within ~ some  renal

and renal corpuscles at 10x, with tubular atrophy, vacuolar degeneration (stars), and glomerular damage marked by ~ tubules were observed.
increased Bowman's space (yellow arrow) and blood vessel engorgement (blue head) at 40x. Heart slides from the The renal corpuscles
Olive Oil Group show adipose tissue, collagen, and fibrosis, while the Steroid Group exhibits fibrosis (F), myocardial exhibited enlargement

infarction (M), and necrosis (MN) across 10x, 40x, and 100x magnifications. and increased

cellularity, with an
observable expansion in Bowman'’s space. Congestion in interstitial blood vessels was also evident. These findings were captured
across various magnifications, with 10x showcasing the altered cortex and medulla architecture, and 40x magnification revealing the
detailed pathological features, including tubular atrophy (indicated by stars), damaged glomeruli (marked by yellow arrows), and
engorgement of interstitial blood vessels (highlighted with blue heads).
Heart Histopathology Results
Control Group (Group A)
Heart tissue from the control group presented no signs of myocardial necrosis, fibrosis, or injuries. The cellular nuclei were oval-
shaped, indicative of normal cardiomyocyte morphology. Microscopic analysis at 10x, 40x, and 100x magnifications confirmed the
absence of any pathological findings, showcasing the standard histological appearance of cardiac tissue.
Olive Oil Group (Group B)
Interestingly, the heart tissues of animals in the olive oil group exhibited some degree of adipose deposition and collagen presence,
the latter suggesting myocardial fibrosis. These observations were made across different magnifications (10x, 40x, and 100x), with
adipose tissues (labeled A), collagen deposition (labeled C), and fibrosis (labeled F) clearly identifiable, indicating mild alterations in
cardiac tissue integrity.
Steroid Group (Group C)
The most pronounced pathological changes were observed in the heart tissues of the steroid group. Myocardial infarction, fibrosis,
and necrosis were significantly evident, marking severe cardiac tissue damage. These adverse effects were consistent across all
examined magnifications (10x, 40x, and 100x), with fibrosis (F), myocardial infarction (Ml), and myocardial necrosis (MN) distinctly
marked, highlighting the deleterious impact of Nandrolone Decanoate on cardiac health.

DISCUSSION

The administration of Nandrolone Decanoate (ND), a widely recognized anabolic androgen steroid (AAS), has been associated with
a range of adverse effects, particularly on renal and cardiac tissues. This study's findings corroborate previous research indicating
© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation.
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the detrimental impact of ND on these vital organs. Hassan et al. (2013) and Takahashi et al. (2004) have documented similar cardiac
alterations, including cardiomyocyte hypertrophy and apoptosis, which align with our observations of myocardial fibrosis and
necrosis (25, 32). Similarly, the renal impairments observed in our study, such as tubular dilation, epithelial degeneration, and
necrosis, who reported drug-induced renal epithelial damage and tubular vacuolation (1, 2).

The adverse changes noted in renal corpuscles, including increased Bowman's space and vascular congestion, further support the
assertions by Chaudhary & Ahmed (2006) regarding drug-induced nephrotoxicity affecting various kidney cell types. The
corroborative evidence from underscores the susceptibility of renal tissues to degeneration upon ND exposure. Our
histopathological analysis of heart tissues revealing fibrosis and also noted fibrosis in cardiac patients with a history of steroid use
(2-4).

The echocardiographic studies by N.A. Hassan et al. (2009) on bodybuilders using AAS, showing ventricular alterations, and the
reports by Tanno et al. (2011) on the impact of epicardial adipose tissue, provide a clinical perspective that complements our
histopathological observations (1, 4-9). The apoptotic and hypertrophic responses in rat cardiomyocytes reported by Zaugg et al.
(2001) parallel our findings of myocardial necrosis and fibrosis, reinforcing the cardiovascular risks associated with AAS use. The case
reported by Franchicks et al. (1991) of a bodybuilder suffering myocarditis and myocardial necrosis serves as a poignant reminder
of the potential lethal outcomes of prolonged AAS consumption (10)).

This study, while providing valuable insights into the histopathological impact of ND on the kidney and heart, acknowledges certain
limitations. The sample size, although sufficient for preliminary observations, restricts the generalizability of the findings (11). Future
research should aim for larger and more diverse samples to enhance the robustness and applicability of the results (2). Additionally,
the study's design, focused primarily on histopathological outcomes, could be expanded to include functional assessments of renal
and cardiac performance to offer a more comprehensive understanding of ND's effects (2).

CONCLUSION

In conclusion, our findings, in conjunction with the existing literature, highlight the significant health risks posed by Nandrolone
Decanoate to the heart and kidneys. The consistent observation of structural changes and tissue degeneration across studies
underscores the need for caution in the use of AAS. Further research is imperative to delineate safe dosages and develop alternative
therapeutic strategies that mitigate these adverse effects. The pursuit of novel compounds or therapeutic modalities that offer the
anabolic benefits of ND without the associated nephrotoxic and cardiotoxic risks remains a critical avenue for future investigations.
These findings underscore the necessity for heightened awareness and caution among healthcare providers and users regarding the
use of anabolic androgenic steroids. Given the significant structural changes and potential for tissue degeneration, there is a pressing
need for the medical community to reevaluate the use of these substances, emphasizing the development of safer alternatives and
therapeutic strategies. Ultimately, the goal should be to mitigate the health risks associated with steroid use, safeguarding human
health and ensuring the wellbeing of individuals seeking to enhance physical performance or body image
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