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Abstract
Background: Lamivudine is a nucleoside reverse transcriptase inhibitor widely used in the management of Human Immunodeficiency Virus (HIV) infection and chronic Hepatitis B virus disease. Although considered relatively safe, accumulating evidence suggests that prolonged exposure to nucleoside analogues may induce mitochondrial dysfunction and oxidative stress, which could potentially affect endocrine regulation, particularly the hypothalamic–pituitary–adrenal (HPA) axis. Given the central role of glucocorticoids in metabolic homeostasis and stress adaptation, evaluating the effects of Lamivudine on adrenal function is of considerable importance. Objective: This study investigated the effect of graded doses of Lamivudine on serum corticosterone levels and adrenal gland histology in adult male Wistar rats. Methods: Sixteen adult male Wistar rats aged 8–10 weeks were randomly assigned into four groups (n = 4). Group A served as control and received distilled water, while Groups B, C, and D received Lamivudine at doses of 100 mg/kg, 200 mg/kg, and 400 mg/kg respectively for 30 consecutive days via oral gavage. Serum corticosterone levels were measured using enzyme-linked immunosorbent assay (ELISA). Adrenal glands were harvested for histological evaluation using hematoxylin and eosin staining. Data were analyzed using one-way analysis of variance (ANOVA) followed by least significant difference (LSD) post hoc test, with statistical significance set at p ≤ 0.05. Results: A mild dose-dependent increase in serum corticosterone levels was observed in Lamivudine-treated groups compared to control; however, these differences were not statistically significant (p = 0.973). Histological examination revealed increased lipid accumulation within the zona fasciculata of treated groups, indicating enhanced steroidogenic activity. No evidence of cellular degeneration, necrosis, or architectural distortion was observed. Conclusion: Lamivudine administration may lead to mild activation of the HPA axis without causing significant endocrine disruption. The findings suggest that Lamivudine is relatively safe with respect to adrenal function, although subtle biochemical and histological changes indicate the possibility of subclinical effects that warrant further investigation, particularly in long-term exposure scenarios.
Keywords: Lamivudine, corticosterone, adrenal gland, oxidative stress, HPA axis, Wistar rats


Introduction
Antiretroviral therapy (ART) has revolutionized the management of Human Immunodeficiency Virus (HIV) infection and chronic Hepatitis B virus disease, transforming them from life-threatening conditions into manageable chronic illnesses¹,². The success of ART is largely attributed to combination therapy, which targets different stages of viral replication to suppress viral load effectively and prevent disease progression. Among the various classes of antiretroviral agents, nucleoside reverse transcriptase inhibitors (NRTIs) remain a fundamental component of most first-line treatment regimens due to their efficacy, accessibility, and relatively favourable safety profile.
Lamivudine (3TC), a cytidine analogue, is one of the most widely prescribed NRTIs in both HIV and Hepatitis B virus management¹–³. It functions by inhibiting the viral reverse transcriptase enzyme, leading to premature termination of viral DNA synthesis and suppression of viral replication. Because of its low cost, oral bioavailability, and generally good tolerability, Lamivudine has been extensively used in long-term therapeutic protocols, often for extended periods in combination with other antiretroviral agents¹.
Despite its clinical benefits, increasing attention has been directed toward the potential long-term toxicological effects of NRTIs. One of the major concerns associated with this drug class is mitochondrial dysfunction. NRTIs have been reported to inhibit mitochondrial DNA polymerase-γ, an enzyme essential for mitochondrial DNA replication and maintenance³,⁴. This inhibition can lead to mitochondrial DNA depletion, impaired oxidative phosphorylation, reduced ATP production, and subsequent cellular dysfunction.
A critical consequence of mitochondrial impairment is the excessive production of reactive oxygen species (ROS), which results in oxidative stress⁵. Oxidative stress occurs when there is an imbalance between the generation of free radicals and the capacity of antioxidant defense systems to neutralize them. When prolonged, oxidative stress can damage lipids, proteins, and nucleic acids, thereby disrupting normal cellular function and contributing to tissue injury and organ dysfunction³.
Importantly, oxidative stress has been increasingly implicated in endocrine dysregulation, particularly involving the hypothalamic–pituitary–adrenal (HPA) axis. The HPA axis is a central neuroendocrine system responsible for maintaining homeostasis and coordinating the body’s response to stress. Activation of this axis begins with the secretion of corticotropin-releasing hormone (CRH) from the hypothalamus, followed by adrenocorticotropic hormone (ACTH) release from the anterior pituitary gland, ultimately stimulating glucocorticoid production from the adrenal cortex⁶.
In rodents, corticosterone is the primary glucocorticoid hormone and plays a vital role in regulating metabolism, immune responses, and stress adaptation. Its secretion is tightly controlled through negative feedback mechanisms involving the hypothalamus, pituitary gland, and adrenal cortex⁶. Disruption of this regulatory axis may lead to altered stress responses, metabolic imbalance, and immune dysfunction.
The adrenal cortex, particularly the zona fasciculata, is highly dependent on mitochondrial function for steroid hormone biosynthesis6. The rate-limiting step in glucocorticoid production involves the transport of cholesterol into mitochondria, where it is converted into pregnenolone, the precursor of all steroid hormones is mitochondrial-dependent, any disruption in mitochondrial integrity can significantly affect corticosterone synthesis7.
Previous studies have demonstrated that oxidative stress can influence adrenal steroidogenesis in a dose-dependent manner, by stimulating adaptive glucocorticoid secretion in mild oxidative stress, while severe oxidative stress can impair enzymatic activity and lead to reduced hormone synthesis⁸. This dual effect highlights the complexity of redox regulation in endocrine tissues and suggests that pharmacological agents capable of inducing oxidative stress may have indirect effects on hormonal balance.
In addition to peripheral adrenal effects, oxidative stress can also influence central components of the HPA axis. Reactive oxygen species have been shown to modulate hypothalamic neurons responsible for CRH secretion, thereby indirectly affecting ACTH release and downstream glucocorticoid production⁶. This indicates that oxidative imbalance may alter endocrine function at multiple regulatory levels.
Although Lamivudine is generally considered less toxic compared to other NRTIs, emerging evidence suggests that it may still contribute to oxidative stress under certain conditions²,³. Experimental studies have reported alterations in antioxidant enzyme activity, increased lipid peroxidation, and mild histological changes in various tissues following Lamivudine exposure². However, its specific effects on adrenal function and corticosterone regulation remain insufficiently explored.
Given the widespread and often lifelong use of Lamivudine in clinical practice, understanding its potential endocrine effects is essential. The adrenal gland is a critical organ in stress regulation and metabolic control; therefore, even subtle alterations in its function may have physiological significance if sustained over time.
Therefore, this study aimed to investigate the effect of graded doses of Lamivudine on serum corticosterone levels and adrenal gland histology in adult male Wistar rats. By combining biochemical and histological approaches, the study seeks to provide a clearer understanding of whether Lamivudine has any measurable impact on adrenal endocrine function under experimental conditions.. 
Materials and Methods
Experimental Animals
Sixteen adult male Wistar rats aged 8–10 weeks and weighing between 150–200 g were used for this study. The animals were obtained from a standard laboratory animal facility and acclimatized for two weeks prior to the experiment. They were housed under controlled environmental conditions, including a temperature of 22–25°C, relative humidity of 50–60%, and a 12-hour light/dark cycle. Standard pellet diet and distilled water were provided ad libitum.
Ethical Considerations
All experimental procedures were conducted in accordance with established guidelines for the care and use of laboratory animals. Ethical approval was obtained from the appropriate institutional review committee.
Experimental Design
The animals were randomly divided into four groups (n = 4 per group):
Group A (Control): Received distilled water
Group B: Received 100 mg/kg Lamivudine
Group C: Received 200 mg/kg Lamivudine
Group D: Received 400 mg/kg Lamivudine
The sample size was consistent with similar experimental toxicology studies and was considered sufficient to detect biologically relevant trends.
Acute Toxicity Test for Lamivudine
An acute toxicity (LD₅₀) study was conducted to evaluate the safety profile and determine the median lethal dose of Lamivudine in experimental rats. The outcome of the acute toxicity study provided essential information on the safety margin of Lamivudine and was subsequently used to guide the selection of safe and appropriate experimental doses administered to the various treatment groups in the main study.
Drug Administration
Lamivudine was administered orally once daily for 30 consecutive days using an oral gavage to ensure accurate dosing. Oral administration was chosen to simulate the clinical route of drug intake in humans and to ensure consistent dosing. The dosage selection was based on previous experimental studies and the outcome of the acute toxicity study.
Sample Collection
Blood samples were collected at the end of the experimental period via ocular puncture under anesthesia. The animals were anesthetized using Katemine 50mg/kg injection intraperitoneally. This dosage was selected to ensure rapid onset of anesthesia, loss of consciousness, and complete abolition of pain perception and reflex responses.
Following anesthesia, blood samples were obtained through ocular puncture using a capillary tube. The collected blood was transferred into plain sample bottles and allowed to clot. Serum was subsequently separated by centrifugation at 3000 rpm for 10 minutes and stored at −20°C until further biochemical analysis.
Hormonal Assay
Serum corticosterone levels were measured using a commercially available ELISA kit, which provides high sensitivity and specificity for hormone quantification. The assay is based on antigen-antibody interaction and allows for accurate measurement of corticosterone concentration. 
Histological Analysis
Following blood collection, adrenal glands were carefully dissected, fixed in 10% formalin, and processed using standard histological techniques. Tissue sections were stained with hematoxylin and eosin and examined under a light microscope for structural changes, including cellular integrity, lipid accumulation, and tissue organization. 
Statistical Analysis
Data were expressed as mean ± standard error of mean (SEM). Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by least significant difference (LSD) post hoc test. Differences were considered statistically significant at p ≤ 0.05. Results
Serum Corticosterone Levels
Lamivudine-treated groups showed a mild increase in corticosterone levels compared to control; however, no statistically significant differences were observed as shown below . Table 1: Serum corticosterone levels
	Group
	Corticosterone (pg/mg protein)

	Control
	11.992 ± 2.684

	100 mg/kg
	13.116 ± 3.938

	200 mg/kg
	13.785 ± 3.489

	400 mg/kg
	13.807 ± 2.462


Data was analyzed using ANOVA followed by post Hoc LSD comparison and values were considered significant at p≤0.05 *=significant comparison with group A.  

There were no statistically significant differences in serum corticosterone levels between any of the groups (p > 0.05), confirming that Lamivudine did not significantly alter corticosterone secretion (Table 2).

Table 2: Multiple Comparison of Serum Corticosterone Between Groups (Post Hoc Analysis)
	Comparison
	Mean Difference
	P-value

	A vs B
	-1.124
	0.822

	A vs C
	-1.793
	0.634

	A vs D
	-1.815
	0.629

	B vs C
	-0.669
	0.895

	B vs D
	-0.691
	0.888

	C vs D
	-0.022
	0.999


Values are expressed as MEANSEM. Significant differences were determined using Tukey’s LSD test.  * = statistical significance at p≤0.05.
Histological Findings
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Plate 1: Effect of Lamivudine on Adrenal gland Tissue Histology, Group A (Control) H&E.
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Plate 2: Effect of Lamivudine on Adrenal Gland Tissue Histology, Group B (100mg/kg of LamivudineH&E).
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Plate 3: Effect of Lamivudine on Adrenal Gland Tissue Histology, Group C (200mg/kg of Lamivudine H&E).
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Plate 4: Effect of Lamivudine on Adrenal Gland Tissue Histology, Group D (400mg/kg of Lamivudine H&E).
Histological examination of adrenal tissues revealed increased lipid droplets within the zona fasciculata cells in Lamivudine-treated groups when compared with control group. This finding suggests enhanced steroidogenic activity. However, no evidence of cellular degeneration, necrosis, or structural distortion was observed, indicating preserved adrenal integrity.
Discussion
The present study evaluated the effect of Lamivudine on adrenal corticosterone secretion and demonstrated a mild, dose-dependent increase that was not statistically significant. This suggests that Lamivudine exerts only minimal influence on adrenal endocrine function under the conditions of this study.
The slight elevation in corticosterone levels observed across the treated groups may indicate a mild activation of the HPA axis. The HPA axis is a central component of the neuroendocrine stress response system, and even weak pharmacological or environmental stressors can stimulate its activity, leading to increased glucocorticoid secretion⁶. In this context, Lamivudine administration may have acted as a mild physiological stressor, triggering adaptive endocrine responses aimed at maintaining homeostasis. Such adaptive activation is often transient and does not necessarily translate into pathological dysfunction6.
A plausible mechanism for this response involves oxidative stress. Nucleoside reverse transcriptase inhibitors, including Lamivudine, have been reported to interfere with mitochondrial DNA polymerase-γ, resulting in impaired mitochondrial replication and function³,⁴. This dysfunction promotes excessive generation of reactive oxygen species (ROS), which contributes to oxidative stress and cellular signalling alterations⁵.
Oxidative stress can directly influence adrenal steroidogenesis by affecting mitochondrial integrity, which is essential for glucocorticoid synthesis3. The zona fasciculata of the adrenal cortex relies heavily on mitochondrial cholesterol transport as the rate-limiting step in corticosterone production⁷. Therefore, even mild mitochondrial disturbances induced by Lamivudine may subtly affect steroid hormone synthesis without causing structural damage.
In addition, oxidative stress is known to exert complex effects on endocrine regulation, depending on its intensity and duration, oxidative stress may either enhance or suppress steroidogenesis⁸. Mild oxidative stress can activate adaptive signalling pathways that temporarily increase glucocorticoid secretion as part of a compensatory survival mechanism, conversely, chronic or severe oxidative stress may impair adrenal function by damaging steroidogenic enzymes and cellular structures⁸. The findings of the present study, which show increased corticosterone levels without statistical significance or tissue damage, suggest that Lamivudine may induce only a low-level oxidative stimulus insufficient to overwhelm adrenal compensatory mechanisms.
Furthermore, oxidative stress may influence the central regulation of the HPA axis6. Reactive oxygen species have been shown to modulate hypothalamic neurons responsible for corticotropin-releasing hormone (CRH) secretion, thereby indirectly affecting downstream ACTH and corticosterone production⁶. This central effect provides an additional pathway through which Lamivudine-induced oxidative imbalance could contribute to the observed hormonal trends.
Histological findings from this study revealed increased lipid droplets within the zona fasciculata of Lamivudine-treated groups. Lipid droplets serve as intracellular cholesterol reservoirs necessary for steroid hormone synthesis, and their accumulation may indicate increased steroidogenic activity or altered lipid mobilization within adrenal cortical cells⁹. However, the absence of necrosis, inflammation, or architectural distortion suggests preserved adrenal structural integrity.
Despite these histological and biochemical trends, the absence of statistically significant differences indicates that the HPA axis maintained effective regulatory control. The endocrine system is characterized by strong feedback mechanisms, particularly negative feedback mediated by glucocorticoids, which stabilize hormone levels even under mild stress conditions⁶. This regulatory efficiency likely prevented any measurable endocrine imbalance in this study. 
Furthermore, Lamivudine is considered to have relatively low mitochondrial toxicity compared to other nucleoside analogues, as it may exhibit antioxidant or protective effects under certain experimental conditions, reducing oxidative damage in specific tissues10. This dual role may explain the minimal endocrine disruption observed in this study.
The findings therefore indicate that Lamivudine has limited impact on corticosterone regulation, suggesting relative safety regarding adrenal endocrine function under the conditions of this experiment.
Conclusion
Lamivudine administration resulted in a mild, non-significant increase in serum corticosterone levels, suggesting slight activation of the HPA axis without significant endocrine disruption. Histological findings indicate increased steroidogenic activity without structural damage. Overall, Lamivudine appears to be relatively safe with respect to adrenal function, although further studies are required to evaluate long-term effects.
Study Limitations
This study has some limitations. The sample size was relatively small, which may reduce statistical power. Additionally, only corticosterone levels were assessed, and other markers of HPA axis activity were not evaluated. Future studies should include larger sample sizes, longer exposure durations, and additional biochemical parameters.
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