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Abstract
This manuscript presents an exploration into the dual nature of dexamethasone, a potent corticosteroid, in
the context of peripheral nerve regeneration and its associated toxic risks in wistar rats. By examining the
drug's efficacy in enhancing nerve repair post-injury through anti-inflammatory actions and the promotion
of neurotrophic factors, alongside a significant observation of toxicity resulting in high mortality rates, we
delve into the therapeutic paradox that dexamethasone represents. Conducted in a controlled experimental
setup, this study utilised albino wistar rats to assess the regenerative potential and adverse effects of
dexamethasone, administered intraperitoneally at a dosage of 2 mg/kg body weight daily for ten consecutive
days. Despite promising indications of its role in nerve regeneration, over 50% of the rats succumbed,
underscoring a severe adverse reaction. This manuscript discusses the possible causes of this toxicity,
including dosage sensitivity, drug accumulation, species-specific responses, off-target effects, immune system
suppression, adrenal suppression, and apoptosis induction, thereby highlighting the complex challenge of
optimising dexamethasone's therapeutic use while mitigating its risks. The findings stress the need for
meticulous dosage considerations, understanding interspecies differences in drug metabolism, and further
investigation into the drug's pharmacokinetics and biological impacts.
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1. Introduction

Dexamethasone, a synthetic long-acting corticosteroid, is renowned
for its potent analgesic and anti-inflammatory effects, making it a
cornerstone in the treatment of a wide range of conditions. Its
applications span from managing arthritis, blood and hormonal
abnormalities, and allergic reactions to treating skin disorders, ocular
complications, and respiratory issues and mitigating postoperative
nausea and vomiting. This wide range of applications underscores
its significance in the clinical med (Ciobotaru et al., 2019; Williams,
2018; Harish et al., 2016). In a lower dose, dexamethasone has also
been advised for COVID-19 patients who are under mechanical
ventilation (Adnan et al., 2020).

Chemically characterized as 9-fluoro-11 , 17-dihydroxy-16-
methyl-21-(phosphonooxy) pregnant-1, 4-diene-3, 20-dione
disodium salt, dexamethasone’s structure is pivotal to its long-acting
nature and wide-ranging pharmacological actions (Umari et al., 2021).
Despite its broad usage, the precise mechanisms by which

dexamethasone aids in the treatment of peripheral nerve damage are
not fully elucidated. The drug’s potential to enhance peripheral nerve
regeneration, particularly after injury, remains a critical area of research
in the field (Venkata et al., 2014).

Recent studies have begun to uncover the multifaceted roles of
corticosteroids in nerve repair and regeneration. Dexamethasone has
been shown to modulate inflammation, reduce scar formation, and
potentially enhance the expression of neurotrophic factors, which
are vital for nerve healing processes (Elhessy et al., 2023). Moreover,
its ability to suppress the immune response in the acute phase of
injury could prevent further damage to the nerve tissue, thereby
facilitating a more conducive environment for regeneration (Tang et
al., 2022).

This manuscript aims to delve into the efficacy of dexamethasone in
promoting peripheral nerve regeneration post-injury, synthesizing
insights from animal model studies. Research utilizing rat and rabbit
models has provided valuable data on functional and histological
outcomes, contributing to our understanding of dexamethasone’s
role in nerve healing (Feng and Yuan, 2015). By exploring these
studies, we seek to bridge the gap in knowledge regarding
dexamethasone’s action mechanisms in peripheral nerve regeneration,
offering a comprehensive overview that could guide future therapeutic
approaches in neuropathy treatment.
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2. Materials and Methods

2.1 Animals and housing

In this detailed study, we selected 64 healthy adult albino wistar
rats, ensuring they each fell within the weight range of 250 ± 30 g and
were aged between 12 to 14 weeks to maintain consistency across
the experimental cohort. The animals were housed in a controlled
environment, where temperature was consistently maintained at 22
± 2°C and humidity levels were kept between 50-60% to simulate
optimal living conditions that minimize external stress factors
potentially affecting the study’s results. The lighting schedule was

regulated to a 12 h light/dark cycle to accommodate natural circadian
rhythms, which could influence the physiological and behavioural
outcomes of the subjects.

Unrestricted access to standard rodent food and water was provided,
emphasizing the welfare and health of the animals throughout the
study duration. The housing setup was carefully designed to surpass
ethical standards for animal care. Approval for the research protocol
was granted by the Institutional Review Board of Ondokuz Mayis
University (meeting number 2018/45), reinforcing our commitment
to ethical research practices and the humane treatment of the animals
involved (Figure 1).

Figure 1: Optimal animal housing conditions. Photo depicting the controlled environment for the study’s
animals, highlighting temperature control at 22 ± 2°C, humidity between 50-60%, and the 12 h
light/dark cycle for circadian rhythm support.

2.2 Drug administration and injury model

The administration of dexamethasone was carefully planned,
following established pharmacological recommendations.
Dexamethasone phosphate was intraperitoneally administered at a
calculated therapeutic dosage of 2 mg/kg body weight. This dosage
was selected after an extensive review of existing literature (Earp et
al., 2008), which highlighted its effectiveness in promoting tissue
regeneration and reducing inflammatory responses in comparable
experimental frameworks. The chosen dosage was administered daily
for ten consecutive days to each rat, following the induction of a
standardized peripheral nerve injury model.

The peripheral nerve injury model was applied under anaesthesia to
minimize stress and discomfort to the subjects. This model aimed to
closely mimic clinical instances of nerve damage, thereby allowing
for an investigation into dexamethasone’s potential for regeneration
and its systemic effects in a live model. The intraperitoneal route for

drug administration was chosen for its effectiveness in systemic
drug delivery, facilitating an accurate evaluation of dexamethasone’s
pharmacodynamics and therapeutic impact concerning peripheral
nerve regeneration.

This methodical approach to drug administration, aligned with
rigorously maintained animal housing conditions and ethical study
protocols, highlights our dedication to conducting scientifically robust
and ethically sound research. Such meticulous methodology is crucial
for assessing the effects of dexamethasone on nerve regeneration and
its potential applications in clinical settings.

3. Case presentation

This case report details an investigation into the effects of
dexamethasone phosphate (fosfat), administered as a daily dose of 2
mg/kg body weight daily for 10 consecutive days via the
intraperitoneal route to albino wistar rats. Adherence to the Ethical
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Committee’s Rules and guidelines was stringent, ensuring the welfare
of the animals throughout the study.

3.1 Experimental design and conditions

A cohort of 64 healthy adult wistar albino rats, each weighing
approximately 250 ± 30 g and aged between 12 to 14 weeks, was
selected. Housed in stainless steel cages under controlled temperature
(22 ± 2°C) and humidity (50-60%) conditions with a consistent 12
h dark/light cycle, these conditions minimized external stressors,
contributing to the reliability of the study’s outcomes. The rats had
unrestricted access to standard rodent laboratory food and water.

3.2 Observations and results

Significant and concerning outcomes were observed following the
administration of dexamethasone phosphate. Throughout the

treatment period, mortality exceeded 50% among the rats, with the
first death being recorded on the third day. This pattern of fatalities,
continuing sporadically throughout the dosing period, suggested a
possible dose-related response.

To mitigate these effects, a pilot study was conducted using a tapering
withdrawal strategy on two rats. This strategy entailed a gradual
reduction in the dexamethasone dosage over the last three days of
treatment. Despite this adjustment, a significant improvement in
survival rates was not observed, indicating that the adverse effects
may not be easily reversible.

Behavioural changes were noted in the majority of treated rats,
characterized by decreased activity levels, reduced food and water
intake, and signs of distress such as increased grooming and agitation.
These behavioural alterations were seen to escalate in severity as the
treatment period progressed (Figure 2).

Figure 2: Behavioural changes in treated rats. Photo showing idleness, reduced food and
water consumption, and heightened distress indicators such as increased grooming
post-treatment.

Figure 3: Dermatological and ocular changes in treated rats. The first photo displays extensive
skin thinning and the presence of lesions and ulcerations, while the second
photo highlights a distinct crescentic black shape around the eyes, suggestive of
haemorrhaging or vascular problems.
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Upon pathological examination, notable changes were observed,
particularly in the skin and around the eyes. Thinning and fragility
of the skin were noted, with some areas displaying lesions and
ulcerations. A distinct crescentic black shape around the eyes of
several rats was indicative of haemorrhaging or other underlying
vascular issues. These findings suggest significant adverse systemic
and local effects were induced by the administered dexamethasone
phosphate at the chosen dosage and route (Figure 3).

4. Discussion

The research manuscript provides a detailed examination of
dexamethasone’s efficacy in nerve regeneration and its potential
toxicity in wistar rats, presenting a scenario often termed the
therapeutic paradox. The introduction aptly sets the stage by
elucidating the drug’s potent analgesic and anti-inflammatory effects,
crucial in managing various medical conditions. Furthermore, it delves
into the structural composition of dexamethasone, highlighting its
importance in dictating pharmacological actions (Elhessy et al., 2023;
Wang et al., 2015).

Recent studies referenced in the manuscript underline dexame-
thasone’s multifaceted potential in modulating crucial factors involved
in nerve repair. Beyond its conventional anti-inflammatory
properties, these studies suggest a broader role for dexamethasone in
reducing scar tissue formation and fostering the production of
neurotrophic factors, both pivotal for effective nerve regeneration.
This multifunctional aspect of dexamethasone suggests a more
profound impact beyond mere symptom alleviation, potentially
altering the trajectory of nerve repair processes (Mekaj and Mekaj,
2017).

However, the manuscript also addresses the inherent paradox
observed in recent studies, wherein dexamethasone demonstrates
promising effects on inflammation modulation and enhanced
expression of neurotrophic factors, juxtaposed with instances of
observed toxicity. The materials and methods section ensures
scientific integrity and ethical rigour, meticulously planning the drug
administration protocol to investigate dexamethasone’s role in
peripheral nerve regeneration within a controlled experimental
framework.

The case presentation, however, unveils a significant concern: a
mortality rate exceeding 50% among treated rats, indicating severe
adverse reactions to the therapeutic regimen. This unexpected toxicity
prompts a thorough discussion of potential causes:

 Dosage sensitivity: The narrow therapeutic window of
dexamethasone suggests that the observed adverse reactions may
stem from a dosage that is beneficial in one aspect but harmful in
another (Ni et al., 2019; Rice and McLysaght, 2017).

 Drug accumulation: Failure to consider the drug’s half-life in
daily administration may lead to accumulation and subsequent
systemic toxicity (Li et al., 2013).

 Species-specific responses: Variations in drug metabolism
across species imply that Wistar rats may exhibit unique
sensitivity to Dexamethasone (Nguelefack-Mbuyo et al., 2022).

 Off-target effects: Dexamethasone might be inadvertently
affecting cellular pathways that are not directly linked to
inflammation or nerve regeneration, thereby contributing to
toxicity (Garrud et al., 2023).

 Immune system suppression: While reducing inflammation,
dexamethasone’s immunosuppressive effects could render
subjects vulnerable to infections, potentially exacerbating
mortality rates (Wu et al., 2023; O’Neil et al., 2023).

 Adrenal suppression: Prolonged exogenous steroid use may
lead to adrenal suppression, posing a risk of adrenal insufficiency
and potential crises upon drug withdrawal (Prete and Bancos,
2021).

 Apoptosis induction: Glucocorticoids’ ability to induce
apoptosis raises concerns about inadvertently affecting
regenerating nerve cells, warranting further investigation (Gruver-
Yates and Cidlowski, 2013).

These potential causes underscore the complexity of the challenge in
optimizing the therapeutic use of dexamethasone. The study
emphasizes the importance of meticulous dosage considerations and
administration routes to mitigate adverse effects while leveraging
dexamethasone’s regenerative potential. Furthermore, it highlights
the need to understand interspecies differences in drug metabolism
and the imperative of delving deeper into the drug’s pharmacokinetics
and biological impacts to strike a delicate balance between efficacy
and safety.

5. Conclusion

This study meticulously examines the paradoxical role of
dexamethasone in the context of peripheral nerve regeneration
juxtaposed with its significant toxic risks in wistar rats. Our findings
illuminate the corticosteroid’s potential to enhance nerve repair
mechanisms through anti-inflammatory actions and the promotion
of neurotrophic factors, which are critical for the healing process
post-injury. However, the observed high mortality rate, exceeding
50% among the treated subjects, underscores a critical concern
regarding the therapeutic application of dexamethasone. This adverse
outcome points to the imperative need for a nuanced understanding
of the drug’s pharmacological profile, emphasizing the balance
between its regenerative benefits and potential toxicities.

6. Recommendations

 Optimized dosage: Future research should focus on identifying
the optimal dosage that maximizes regenerative benefits while
minimizing toxicity.

 Alternative administration routes: Exploring different
administration routes could offer ways to reduce adverse effects
and improve therapeutic outcomes.

 Species-specific studies: Further studies are needed to
understand how interspecies differences affect drug metabolism
and response, aiding in the translation of findings from animal
models to humans.

 Mechanistic understanding: A deeper investigation into the
drug’s mechanisms of action will help in developing targeted
strategies to enhance its efficacy in nerve repair.

By addressing these areas, we can better navigate the therapeutic
paradox of dexamethasone, potentially unlocking its full potential in
treating peripheral nerve injuries with minimized risks.
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