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Summary: Dexamethasone (Dex) is a potent synthetic glucocorticoid with broad clinical applications, but systemic 

administration often leads to metabolic disturbances and cognitive side effects. Intranasal Dex has potential to deliver 

glucocorticoids directly to the brain, minimizing systemic side effects associated with traditional administration. However, 

its comprehensive effects on metabolic, behavioural, and neurochemical endpoints after repeated dosing remain unclear. 

Adult male mice were randomly assigned to four groups (5-7 mice per group): control (saline) and dexamethasone (Dex) 

doses of 5, 15, or 50 μg/kg administered intranasally once daily for seven days. Peripheral measures included body weight, 

fasting blood glucose, glucose tolerance test (GTT), fasting serum and brain insulin levels, HOMA IR, and serum 

corticosterone via ELISA. Behavioural assays comprised the Morris Water Maze, Elevated Plus Maze, Open Field Test, and 

Novel Object Recognition Test. Brain homogenates were analysed for oxidative stress markers (superoxide dismutase, 

glutathione), cholinergic activity (acetylcholinesterase), and trace minerals (Zn, Fe, Ca). Intranasal Dex did not affect body 

weight, glycaemic control, insulin sensitivity, or corticosterone levels. Dose dependent declines in locomotor exploration 

and spontaneous alternation were observed, alongside increased escape latencies during spatial learning without altering 

memory retention or novel object recognition . No significant change was observed in the levels of markers of oxidative 

stress and important metals like Zn, Fe, and Ca. Dexamethasone decreased central acetylcholinesterase activity, albeit 

insignificantly. Intranasal Dex selectively impairs exploratory behaviour and learning acquisition through central 

glucocorticoid receptor–mediated synaptic and cholinergic modulation with no impact on preserving peripheral glucose 

metabolism and central markers of oxidative stress. 
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INTRODUCTION 
 

Dexamethasone (Dex) is a potent synthetic glucocorticoid 

widely utilized for its anti-inflammatory and 

immunosuppressive properties in conditions ranging from 

autoimmune disorders to cerebral oedema and 

chemotherapy-induced nausea (Reichardt et al., 2021; 

Vazquez et al., 2023). Despite its clinical efficacy, systemic 

Dex administration commonly leads to adverse metabolic 

outcomes, including hyperglycaemia, insulin resistance, 

muscle catabolism, and dyslipidaemia, as well as 

neuropsychiatric side effects such as mood alterations, 

cognitive deficits, and increased risk for neurodegenerative 

changes (Batista et al., 2024; Tappy et al., 1994). These off-

target effects are primarily mediated through widespread 

activation of glucocorticoid receptors (GRs) in peripheral 

tissues and brain regions, prompting a search for alternative 

delivery strategies that can preserve therapeutic benefit 

while minimizing systemic burden. 

 Activation of GRs within hippocampal and prefrontal 

cortical circuits has been implicated in reductions of brain-

derived neurotrophic factor (BDNF) (Chen et al., 2017; 

Numakawa and Kajihara, 2024) expression, dysregulation 
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of glutamatergic and cholinergic neurotransmission, and 

impairment of long-term potentiation, leading to deficits in 

attention, working memory, and spatial learning (Blin et al., 

2023; Maurer and Williams, 2017; Paul et al., 2015; Popoli 

et al., 2012). Systemic Dex exposure recapitulates these 

effects, producing both acquisition and retrieval 

impairments in spatial memory tasks, elevated oxidative 

stress (OS) markers, and trace metal dyshomeostasis (Kim 

et al., 2009; Li et al., 2017; Schäfer et al., 2005; Wang et al., 

2023). We have shown previously that systemic 

administration of Dex influences working memory and 

spontaneous alternation in mice (Abdulbasit et al., 2018).  

However, it remains unclear whether low-dose, targeted 

delivery of Dex can mitigate peripheral side effects while 

preserving central efficacy against inflammation. 

 Intranasal delivery offers a promising approach to 

bypass the blood–brain barrier, exploiting olfactory and 

trigeminal pathways to achieve rapid nose-to-brain 

transport, elevated cerebrospinal fluid concentrations, and 

reduced peripheral spillover (Fowler et al., 2021; Meneses 

et al., 2017; See, 2023). Preclinical studies confirm that 

intranasal steroids, including Dex, can attain therapeutic 

levels in brain parenchyma within minutes, with minimal 

systemic glucocorticoid exposure (Cárdenas et al., 2022; 

Meneses et al., 2017). To evaluate the safety and 

mechanistic impact of this route, we administered low-dose 

Dex intranasally to adult male mice for seven consecutive 

days, and comprehensively assessed peripheral metabolic 

parameters (body weight, fasting glucose and insulin, 

HOMA-IR, corticosterone), behavioural performance 

across exploratory, working memory, spatial learning, and 

recognition tasks, and neurochemical endpoints including 

OS markers (SOD, GSH), cholinergic activity (AChE), and 

trace mineral content (Zn, Fe, Ca). Thus, we aim to delineate 

the therapeutic window and CNS-targeted efficacy of 

intranasal Dex while mapping its potential to minimize 

systemic adverse effects. 

 

MATERIALS AND METHOD 

 

Animals and Grouping:  

Adult male mice were used for this study. The animals were 

housed in standard conditions in a temperature-controlled 

environment with a 12-hour light/dark cycle and provided 

ad libitum access to food and water at the animal holding 

facility of the Faculty of Basic Medical Sciences, University 

of Ilorin, Nigeria . All protocols were approved by the 

University of Ilorin ethiral review committee 

(UIL/UERC/21/68LD001). The experimental procedures 

employed in this research are in line with the international 

guidelines for the care and use of laboratory animals.  

 The mice were randomly divided into four groups (5-7 

mice per group). Three groups received intranasal 

dexamethasone (Dex) at doses of 5 µg/kg, 15 µg/kg, and 50 

µg/kg body weight, respectively. The fourth group served as 

the control and received 2 µL of normal saline per mouse 

via the intranasal route. Intranasal administration was 

performed once daily for seven consecutive days. Prior to 

each administration, mice were briefly anesthetized by 

exposure to isoflurane vapor in a closed chamber containing 

isoflurane-soaked cotton wool to induce rapid and transient 

anesthesia, allowing for easy intranasal delivery using a 

micropipette. 

Behavioural Assessments 

 

Morris water maze:  

After the treatment period, behavioural assessments were 

conducted to evaluate neurobehavioral effects. Spatial 

learning and memory were assessed using the Morris Water 

Maze (MWM). Mice were trained over 4 consecutive days 

(days 4, 5, 6, and 7) representing test 1, 2, & 3 and 

experiment to locate a hidden platform submerged in a 

circular pool filled with opaque water. During each trial, the 

mouse was released from one of three starting quadrants and 

allowed 60 seconds to find the platform. If successful, the 

mouse was allowed to rest on the platform for 10 seconds. 

If unsuccessful, it was guided to the platform and allowed 

the same resting period. On the fourth day, a probe trial was 

conducted (experiment) in which the platform was removed, 

and the time spent in the target quadrant, where the platform 

was previously located, was manually recorded over a 60-

second period. 

 

Elevated plus maze:  

Anxiety-like behaviour was evaluated using the Elevated 

Plus Maze (EPM) on day 6, which consisted of two open 

arms and two enclosed arms arranged in a plus shape and 

elevated above the ground. Each mouse was placed at the 

junction of the arms, facing one of the open arms, and 

observed for five minutes. The total time spent in the open 

and closed arms and the number of entries into each arm 

were recorded manually. An entry was defined as the mouse 

having all four paws within an arm. 

 

Open field test:  

The Open Field Test (OFT) was conducted on day6 to assess 

general locomotion and exploratory behaviour. Each mouse 

was placed in the centre of a square open field arena, with 

visible markings dividing the floor into 25 equal squares. 

Over a five-minute observation period, the total number of 

squares crossed (indicative of locomotion), the time spent in 

the centre versus the periphery of the arena (indicative of 

anxiety-like behaviour), and rearing (standing on hind legs 

as a measure of exploratory behaviour) were manually 

recorded. 

 

Novel object recognition test:  

Recognition memory was assessed using the Novel Object 

Recognition (NOR) test on day 7. During the training phase, 

each mouse was placed in the open field arena with two 

identical objects positioned equidistant from the walls and 

each other. The mouse was allowed to explore the objects 

for five minutes, and the time spent interacting with each 

object was manually recorded. Following a one-hour 

retention interval, one of the familiar objects was replaced 

with a novel object. During the test phase, the mouse was 

reintroduced into the arena for five minutes, and the time 

spent exploring the novel versus the familiar object was 

recorded. Interaction was defined as the mouse touching or 

sniffing the object while oriented towards it. 

 

Glucose tolerance test (GTT):  

To investigate the peripheral metabolic effects of intranasal 

Dex, fasting blood glucose levels were measured on day 8 

using a glucometer (AccuCheck) with blood obtained from 

the tail vein. Additionally, GTT was conducted after an 

overnight fast. Each mouse was administered glucose 
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intraperitoneally at a dose of 2 g/kg body weight, and blood 

glucose levels were measured at baseline and 15, 30-, 60-, 

90-, and 120-minutes post-glucose administration .  

 

Mice euthanasia:  

At the end of the experiment, animals were euthanized using 

a combination of ketamine and xylazine administered 

intraperitoneally. Ketamine was delivered at a dose of 100 

mg/kg and xylazine at 10 mg/kg to induce deep anesthesia. 

Adequate depth of anesthesia was confirmed by the absence 

of reflexive responses to paw pinch and corneal stimulation. 

Once animals were fully anesthetized, blood was collected 

via cardiac puncture. For cardiac puncture, a sterile 1 mL 

syringe fitted with a 23G needle was inserted into the 

thoracic cavity, and blood was drawn directly from the heart 

under aseptic conditions. Blood samples were collected into 

serum separator tubes and allowed to clot at room 

temperature for 30 minutes before centrifugation (3000 g for 

15 min at 4oC) to obtain serum. Following cardiac puncture, 

animals were monitored to ensure cessation of heartbeat and 

respiration, confirming death in accordance with 

institutional ethical guidelines. The brains were collected 

afterward and homogenised in ice-cold phosphate-buffered 

saline and centrifuged (10,000 r.p.m for 15 min at 4oC) to 

collect the supernatant. 

 

Enzyme-linked immunosorbent assay (ELISA):  

Insulin was quantified in the serum and brain homogenate 

(supernatant) of mice using ELISA (AccuBind #5825-300). 

Corticosterone was also quantified in the serum 

(#ENZOADI900097). 

 

Estimation of markers of Oxidative stress 

 

Superoxide dismutase (SOD) activity assay:  

SOD activity was measured in the supernatant of the brain 

homogenate using a commercially available colorimetric 

SOD assay kit (Cayman Chemical, USA #706002), 

following the manufacturer's instructions. The assay is 

based on the inhibition of xanthine oxidase–mediated 

reduction of nitroblue tetrazolium (NBT) to formazan. 

Absorbance was read at 450 nm using a microplate reader. 

Results were expressed as units per milligram of protein 

(U/mg protein). 

 

Glutathione (GSH) assay:  

Total glutathione content in the supernatant of the brain 

homogenates was determined using a Glutathione Assay Kit 

(Sigma-Aldrich, USA #CS0260) based on the reaction of 

GSH with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) to 

form a yellow-colored product, 5-thio-2-nitrobenzoic acid 

(TNB), which was measured spectrophotometrically at 412 

nm. Results were expressed as micromoles of GSH per gram 

of tissue (μmol/mg tissue). 

 

Acetylcholinesterase (AChE) activity: 

 Acetylcholinesterase activity was quantified in the 

supernatant of the brain homogenates using the Ellman 

method, as adapted for microplate format. Briefly, the 

reaction mixture contained 100 μL of brain supernatant, 100 

μL of 0.1 M phosphate buffer (pH 8.0), 50 μL of 

acetylthiocholine iodide (substrate, 1.25 mM final 

concentration), and 50 μL of 5,5'-dithiobis-2-nitrobenzoic 

acid (DTNB, 0.5 mM) as the chromogenic reagent. The 

reaction was incubated at 37°C, and the increase in 

absorbance was monitored at 412 nm for 5 minutes using a 

microplate reader. AChE activity was calculated using the 

molar extinction coefficient of TNB (13,600 M⁻¹cm⁻¹) and 

expressed as μmol/min/mg protein. 

 

Brain Zinc, Iron, and Calcium levels:  

The concentrations of zinc (Zn), iron (Fe), and calcium (Ca) 

in brain homogenate supernatants were determined using a 

colorimetric assay kit (Sigma-Aldrich), according to the 

manufacturers’ protocols. These assays are based on the 

formation of colorimetric complexes specific to each metal 

ion, which are quantified by measuring absorbance with a 

microplate reader. Zinc levels were measured based on the 

formation of a stable chromogen complex, with absorbance 

read at 560 nm. Iron concentration was determined using a 

ferrozine-based colorimetric reaction, with absorbance 

measured at 593 nm. Calcium was assessed using an o-

cresolphthalein complexone (OCPC)-based method, with 

absorbance measured at 575–580 nm. For each element, a 

standard curve was prepared using the provided or certified 

metal standards.  

 

Statistical Analysis 

Data were expressed as mean ± standard error of the mean 

(SEM). Comparisons between groups were performed using 

one-way analysis of variance (ANOVA) followed by 

Bonferroni post-hoc tests for pairwise comparisons. A p-

value < 0.05 was considered statistically significant. The 

software, GraphPad Prism v8.0 was used for statistical 

analyses. 

 

 

RESULTS 

 

Intranasal Dex Does Not Alter Glycaemic Control or 

Insulin Sensitivity:  

Dexamethasone is a mimetic of endogenous corticosteroids 

known to induce weight gain, insulin resistance and enhance 

endogenous glucose production in experimental settings. 

We hypothesise that administering dexamethasone nasally 

will restrict its effect to the brain with no impact on 

peripheral glucose homeostasis. We administered the 

different doses of dexamethasone for seven days and 

assessed weight gain, glucose homeostasis, the fasting blood 

glucose levels, serum levels of corticosterone. As shown in 

Figure 1A, intranasal dexamethasone administration had no 

significant impact on the body weight for the duration of the 

study. Intranasal dexamethasone also did not significantly 

alter serum corticosterone, fasting blood glucose and serum 

insulin at the end of the experiment (Figure 1 B-D). To test 

if glucose clearance from the blood is impacted in response 

to glucose administration, we performed a glucose tolerance 

test. As shown in Figure 1 E, the rate of glucose clearance 

was similar across all the groups except at early time-points 

(15 min and 30 min) where the mice that received  5µg 

dexamethasone had enhanced glucose excursion. However, 

the experimental mice showed no difference in insulin 

resistance in relation to the control mice as measured by the 

homeostatic model for insulin resistance (HOMA-IR) 

(Figure 1F). 

 We  conclude that administering dexamethasone nasally 

prevents the peripheral impact of dexamethasone on glucose 

homeostasis including insulin resistance. 
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Figure 1.  

Effect of intranasal Dex on body mass, corticosterone, and metabolic parameters. (A) Percentage change in body mass over a 7-day 

treatment period. (B) Serum corticosterone levels on day 7. (C) Fasting blood glucose concentrations. (D) Fasting serum insulin 

concentrations. (E) Blood glucose concentrations during GTT at 0, 15, 30, 60, 90, and 120 minutes after glucose administration. (F) 

HOMA-IR scores calculated from fasting glucose and insulin values. Data are presented as mean ± SEM, n = 7 animals per group. p < 

0.05, p < 0.001 compared to the saline control group.  

 

Intranasal Dex Reduces Exploratory Behaviour and 

Impairs Working Memory: Our results so far have shown 

that administering dexamethasone intranasally prevents the 

peripheral metabolic dyshomeostasis associated with 

systemic glucocorticoid administration. We thereafter tested 

the impact of dexamethasone on spatial working memory 

and exploratory behaviour in mice.  The effects of Dex on 

spatial working memory and exploratory behavior were 

assessed using Y-maze spontaneous alternation task in 

mice. All groups treated with Dex showed a significant 

decrease in the total number of arm entries when compared 

to saline-treated controls (p < 0.05 to p < 0.01; Figure 2A), 

indicating a broad suppression of exploratory behavior. In 

addition, dexamethasone significantly decreased total 

alternation, the number of correct alternations, and the 

percentage of correct alternations in mice (p < 0.05 to p < 

0.01; Figure 2 B, C, and D). These observations together 

show that treatment with dexamethasone significantly 

decreased exploration in mice and working memory 

 

Intranasal Dex Impairs Spatial Learning but Spares 

Memory Retention and Recognition: After confirming 

that intranasal dexamethasone administration does not have 

an impact on peripheral glucose metabolism but impact 

working memory, we thereafter tested if it has an impact on 

spatial learning and recognition memory. The MWM test 

was utilized to evaluate spatial learning and memory while 

the NOR test was used to test recognition memory. For the 

MWM, 4 trials (test 1, 2, & 3, and experiment) were 

performed for the mice to learn the position of the hidden 

platform and the experiment was performed 24h after. 

While all the mice groups show signs of learning the 

platform position during these trials (Figure 3A), only the 

group mice that received 5 μg/kg showed no sign of memory 

retention and consolidation (p < 0.001; Figure 3A). 

Performance in the probe trial, which evaluates memory 

retention, revealed no significant differences in the time 

allocated to the target quadrant among the treatment groups 

(Figure 3B).  In the NOR test, all groups treated with Dex 

exhibited a non-significant trend indicating reduced 

exploration of novel objects (Figure 3C).  This pattern, 

while not statistically different from control (p > 0.05), may 

indicate a slight decrease in recognition memory or 

exploratory motivation.  
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Figure 2.  

Effects of intranasal Dex on working memory in the Y-maze. (A) Total arm entries. (B) Total alternations. (C) Number of correct 

alternations. (D) Percentage of correct alternations. Data are shown as mean ± SEM, n = 5 animals per group. p < 0.05, p < 0.01, p < 0.001, 

*p < 0.0001 vs. control. 

 

 
Figure 3.  

Effect of intranasal Dex on learning and recognition memory. (A) Escape latency in the MWM. (B) Time in target quadrant during the 

probe trial. (C) Novel object exploration time in the novel object recognition test. Data are shown as mean ± SEM, n = 5 animals per group. 

p < 0.01 vs. control. 

 

Intranasal Dex Modulates Cholinergic Activity Without 

Inducing Oxidative Stress or Disrupting Mineral 

Homeostasis: We investigated the potential neurochemical 

underpinnings of the observed behavioural effects by 

analysing oxidative stress markers, cholinergic signalling, 

and mineral content in brain tissue after intranasal Dex 

exposure.  As shown in Figure 4, SOD activity and GSH 

levels did not show significant differences between control 

and treatment groups (Figures 4A and 4B; p > 0.05), 

suggesting that Dex did not induce measurable oxidative 

stress during the 7-day treatment period.  AChE activity 

demonstrated a dose-dependent decline (Figure 4C); 

however, these reductions were not statistically significant 

compared to control values (p > 0.05).  The observed 

downward trend may indicate early or subthreshold changes 

in cholinergic signalling, which could be functionally 

significant due to the related impairments in spatial working 

memory and learning. 

  The levels of Zn, Fe, and Ca in brain tissue remained 

statistically unchanged across all treatment groups (Figures 

4D–F; p > 0.05). However, some inter-individual variability 

was observed in the higher dose group, especially 

concerning iron and calcium.  The findings indicate that 

intranasal Dex does not substantially disrupt brain mineral 

homeostasis. 

 

 

DISCUSSION 

 

In this study, we evaluated the effects of a seven-day 

intranasal Dex regimen on both peripheral metabolic 

parameters and central cognitive functions in adult male 

mice. While measures of glucose homeostasis, insulin 

sensitivity, and mineral balance remained stable, we 

observed dose-dependent deficits in exploratory behaviour, 

working memory, and spatial learning, accompanied by 

subtle cholinergic alterations without evidence of oxidative 

stress or systemic HPA-axis disruption. These findings 

highlight the selective central impact of intranasal Dex via 

direct nose-to-brain pathways. 
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Figure 4.  

Effect of intranasal Dex on oxidative stress, cholinergic activity, and mineral balance. (A) Brain SOD activity. (B) Total glutathione levels. 

(C) Acetylcholinesterase (AChE) activity. (D–F) Brain levels of zinc, iron, and calcium, respectively. All values are expressed as mean ± 

SEM, n = 5 animals per group. 

 

 Despite the potent glucocorticoid activity of Dex, 

intranasal administration did not alter body weight 

trajectories, fasting glucose or insulin levels, glucose 

tolerance beyond early transient peaks, HOMA IR scores, or 

circulating corticosterone after one week. This outcome 

diverges from systemic glucocorticoid protocols, which 

routinely provoke hyperglycaemia, insulin resistance, and 

HPA-axis dysregulation (Batista et al., 2024; Cho and Suh, 

2024; Koorneef et al., 2022; Li and Cummins, 2022) but 

aligns with intranasal steroid studies demonstrating minimal 

peripheral effects due to efficient olfactory/trigeminal 

transport (Cárdenas et al., 2022; Meneses et al., 2017). 

Mechanistically, rapid CSF entry limits systemic exposure, 

thereby reducing hepatic gluconeogenesis and peripheral 

glucocorticoid receptor activation, which provides a 

metabolic-sparing advantage with potential clinical 

relevance for patients at risk of steroid-induced metabolic 

disorders (Li and Cummins, 2022). 

 Behaviourally, Dex-treated mice exhibited pronounced 

decrements in locomotion and exploratory drive, as 

evidenced by reduced Y maze arm entries and open-field 

crossings, along with dose-dependent impairments in 

spontaneous alternation tasks. These impairments mirror 

recent systemic Dex and corticosterone models reporting 

suppressed exploration and working memory deficits 

(Coburn-Litvak et al., 2003; Conrad et al., 2024; Strelow et 

al., 2023) yet contrast with anxiolytic-like effects observed 

in select intranasal budesonide studies (Hughes et al., 2003), 

underscoring steroid-specific and route-dependent 

outcomes. The concurrent reduction in exploratory 

behaviour and working memory performance suggests 

glucocorticoid receptor–mediated downregulation of brain-

derived neurotrophic factor expression and impaired 

glutamatergic synaptic efficacy within hippocampal and 

prefrontal circuits (Chen et al., 2017; Numakawa and 

Kajihara, 2024; Popoli et al., 2012), with dendritic retraction 

disrupting attention and mnemonic processing. 

 In spatial learning assessments using the Morris Water 

Maze, Dex administration prolonged escape latencies 

during acquisition while sparing probe-trial performance, 

indicating interference with learning processes but retention 

of consolidated memory. This selective effect contrasts with 

chronic systemic Dex regimens that compromise both 

acquisition and retrieval (Coluccia et al., 2008; Jeanneteau 

and Coutellier, 2022; Roozendaal et al., 2004) yet resembles 

patterns observed in acute stress paradigms where rapid non 

genomic glucocorticoid signalling impairs NMDA 

receptor–dependent long-term potentiation (Pacheco et al., 
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2017; Wang et al., 2023). The preservation of retention 

suggests that established synaptic changes supporting 

memory consolidation resist short-term Dex perturbations, 

informing potential timing strategies to mitigate cognitive 

side effects. 

 Neurochemically, seven days of intranasal Dex did not 

elevate markers of oxidative stress including SOD activity 

or GSH levels, nor did it disrupt zinc, iron, or calcium 

homeostasis, diverging from systemic exposures that often 

trigger redox imbalance and trace metal perturbations (Chen 

et al., 2020; Schäfer et al., 2005; Wang et al., 2020). 

However, we noted a downward trend in AChE activity, 

consistent with recent reports of glucocorticoid-induced 

cholinergic dysregulation and receptor downregulation 

(Kreider et al., 2005; Paul et al., 2015). Even marginal 

reductions in cholinergic turnover can undermine attention 

and working memory, suggesting that adjunctive 

cholinergic support may mitigate Dex-induced cognitive 

deficits without compromising therapeutic efficacy (Maurer 

and Williams, 2017). 

 Detailed analysis revealed low inter-individual 

variability in iron and calcium concentrations particularly at 

higher Dex doses, suggesting subtle shifts in metal 

compartmentalization that may influence synaptic 

signalling (Kim et al., 2009; Li et al., 2017). Zinc, a key 

modulator of NMDA receptor function and synaptic 

plasticity, remained stable, aligning with studies showing 

preserved Zn pools under acute corticosteroid exposure 

(Krall et al., 2022). Importantly, even minor disruptions in 

iron homeostasis can impact dopamine metabolism and 

mitochondrial function, while calcium fluctuations may 

alter neurotransmitter release and neuronal excitability 

(Ferreira et al., 2019; Wang et al., 2024). These findings 

underscore that intranasal Dex largely spares global mineral 

balance yet warrant further investigation of compartment-

specific metal dynamics to fully understand its 

neuromodulatory effects without compromising therapeutic 

efficacy. 

 In conclusion, these results demonstrate that intranasal 

Dex, while sparing peripheral metabolic and oxidative 

systems, exerts focused effects on exploratory and cognitive 

functions through glucocorticoid receptor–mediated 

synaptic remodelling and cholinergic modulation. These 

mechanistic insights advocate for judicious dosing 

schedules and exploration of adjunctive strategies to 

preserve cognitive integrity in clinical applications of 

intranasal corticosteroids. 

 Several limitations of our study should be 

acknowledged. The seven-day treatment window may not 

capture longer-term effects of intranasal Dex on metabolic, 

behavioural, or neurochemical endpoints, and recovery or 

compensatory processes post-treatment remain unexplored. 

Manual scoring of behavioural assays introduces potential 

observer bias; incorporation of automated video-tracking 

systems would enhance objectivity and temporal resolution. 

Furthermore, our exclusive use of male mice limits 

generalizability across sexes, as sex-specific glucocorticoid 

responses may differ due to hormonal and receptor 

expression profiles. Whole-brain homogenate analyses 

mask region-specific alterations; future studies employing 

microdissection or imaging approaches are needed to 

delineate Dex’s impact on discrete hippocampal, cortical, 

and subcortical circuits. Finally, while the current 

investigation was carried out in naïve mice, the potential 

impact of corticosteroids on the CNS and behaviour, 

especially those administered intranasally in humans  should 

be carefully considered in patient care. 
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