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Purpose: This study aimed to evaluate histopathological changes in the olfactory bulb and nasal mucosa, as well as olfactory 
outcomes, following treatment modalities in an rat model of experimental AR.
Methods: This experimental study included 49 female Sprague–Dawley rats, randomly allocated into seven groups (n = 7 per group). 
Allergic rhinitis was induced by ovalbumin sensitization and intranasal challenge. Study groups included negative and positive controls, 
and treatment groups receiving methylprednisolone, montelukast, levocetirizine, olopatadine, or fluticasone propionate between days 21 
and 34. The primary outcome was histopathological evaluation of inflammatory and structural changes in the nasal mucosa and olfactory 
bulb at day 34. The secondary outcome was assessment of olfactory function using the food-finding latency test.
Results: All animals completed the study without mortality. Compared with the positive control group, all treatment modalities resulted in 
significant improvement in nasal mucosal histopathology, including vascular dilatation, goblet cell hyperplasia, inflammatory cell infiltra
tion, plasma cell infiltration, mast cell infiltration, eosinophil infiltration, chondrocyte hypertrophy, and ciliary loss. Similarly, significant 
improvements were observed in most olfactory bulb parameters, including glomerular layer thickness, glomerular diameter, glomerular 
organization, neuronal degeneration, vascular congestion, perivascular edema, and microglial activation. No significant superiority was 
observed among treatment groups in histopathological outcomes. In olfactory testing, a significant reduction in food-finding latency at day 
28 compared with day 21 was observed only in the methylprednisolone and olopatadine groups (p = 0.038 and p = 0.027). By day 34, 
significant reductions in food-finding latency compared with day 21 were observed within all treatment groups (p < 0.001 for methylpred
nisolone, olopatadine, and fluticasone propionate; p = 0.005 for levocetirizine; p = 0.026 for montelukast).
Conclusion: All treatment modalities improved olfactory mucosal and olfactory bulb histopathological parameters, with no clear 
superiority. Notably, methylprednisolone and olopatadine provided early improvement in olfactory function, highlighting their 
therapeutic potential.
Keywords: olfactory bulb, olfaction disorders, allergic rhinitis, anti-inflammatory agents

Introduction
Allergic rhinitis (AR) is defined as a condition characterized by sneezing, rhinorrhea, nasal congestion, and itching 
symptoms caused by immunoglobulin E (IgE)-mediated reactions to inhaled allergens, involving mucosal inflammation 
driven by T-helper 2 (Th2) cells.1 The prevalence of AR has been reported to range between 5% and 50% worldwide.2 

Olfactory dysfunction is present in 21–23% of AR patients.3 Although the cause of hyposmia in AR is suggested to be 
related to nasal congestion and impaired odor transmission to the olfactory epithelium or inflammation in the olfactory 
cleft, the exact pathophysiology of olfactory dysfunction in allergic rhinitis remains unclear.2,4
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Olfactory dysfunction impairs the ability to discriminate flavors, detect harmful odors from the environment, and 
reduces quality of life.5 Current guidelines on allergic rhinitis recommend nasal steroids, oral or nasal H1 antihistamines, 
and leukotriene receptor antagonists for the treatment of rhinitis.6 Systemic corticosteroids, due to their potent anti- 
inflammatory properties, inhibit cellular migration and cytokine release in the nasal mucosa and secretions.7 Leukotriene 
receptor antagonists have a stronger effect on nasal congestion compared to oral H1 antihistamines; however, their 
impact on symptoms and quality of life is weaker than intranasal corticosteroids.8 Nasal H1 antihistamines are more 
effective on AR symptoms than oral H1 antihistamines and also exhibit anti-inflammatory effects, such as mast cell 
stabilization, inhibition of chemokine release, and suppression of inflammatory cell chemotaxis and migration.9,10 While 
the effects of allergic rhinitis treatments on symptom control and inflammatory responses have been studied, data on their 
impact on olfactory loss remains highly limited in the literature.6 The pilot, randomized, double-blind, placebo-controlled 
CIRANO study suggested that levocetirizine effectively alleviates PER symptoms and provides temporary improvement 
in olfactory loss, primarily linked to reduced nasal inflammation rather than increased nasal patency.11 Hilberg’s study 
found a significant improvement in olfactory function in nasal symptom surveys after topical steroid budesonide 
treatment.12 No reports are available on the effects of leukotriene receptors’ antagonism on the olfactory function except 
for the improvement in olfaction in hyposmic patients due to the reduction in inflammatory processes.13 Beyond nasal 
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obstruction and local epithelial inflammation, increasing experimental evidence suggests that allergic rhinitis–associated 
inflammation may extend along the olfactory pathway and affect central olfactory structures. Experimental animal studies 
have demonstrated that nasal allergic inflammation can induce structural and inflammatory changes in the olfactory bulb, 
including glomerular disorganization, neuronal degeneration, and microglial activation, which are accompanied by 
impaired olfactory signal processing and behavioral olfactory deficits.14,15 Furthermore, suppression of olfactory marker 
protein expression and neuroinflammatory alterations within the olfactory bulb have been shown to contribute to 
olfactory dysfunction in allergic rhinitis models, with partial reversibility following anti-inflammatory treatment.16 

These findings support the concept that neuroimmune crosstalk between peripheral nasal inflammation and central 
olfactory regions may play a role in persistent olfactory dysfunction, even in the absence of marked nasal obstruction.17 

However, comparative data evaluating how different anti-inflammatory treatment modalities influence olfactory bulb 
histopathology and functional olfactory outcomes in allergic rhinitis models remain limited. In experimental allergic 
rhinitis models, olfactory function can be assessed using behavioral tests such as the food-finding latency test.18

Considering the limited data on olfactory loss in allergic rhinitis treatment responses, this study aimed to investigate 
the histopathological effects of different anti-inflammatory treatment modalities on the olfactory bulb and nasal mucosa 
in a rat model of allergic rhinitis. In addition, olfactory function was evaluated using the food-finding latency test in order 
to correlate structural inflammatory changes with functional olfactory outcomes.

Materials & Methods
All animals were housed under a 12-hour light/dark cycle at 50% relative humidity and a constant temperature of 22 °C, and were 
fed a standard laboratory diet. Food and water were provided ad libitum throughout the experiment. A total of 49 female 
Sprague–Dawley rats (200–250 g, 8–12 weeks old) were used. The rats were randomly divided into seven groups (n = 7 per 
group): Negative control (Group N), Positive control (AR group), systemic methylprednisolone group (AR + MPZ), leukotriene 
receptor antagonist (montelukast) group (AR + LTRA), systemic H1 antihistamine (levocetirizine) group (AR + L), topical 
antihistamine (olopatadine) group (AR + OLO), and topical steroid (fluticasone propionate) group (AR + FLU).

The AR model was established based on standardized protocols from the literature.19,20 Except for the negative 
control group, all rats were sensitized by intraperitoneal injection of ovalbumin (OVA; Lofarma S.p.A., Milan, Italy; 100 
μg/rat) combined with aluminum hydroxide (Al(OH)₃, 5 mg/rat) dissolved in 0.9% saline. A total of seven injections 
were administered on days 1, 3, 5, 7, 9, 11, and 13. Starting from day 14, animals received a daily intranasal topical 
application of 50 μL of 2% OVA in saline (25 μL per nostril) for 14 days.

As in previous studies, the AR + L group received intraperitoneal administration of levocetirizine (10 mg/kg) dissolved 
in saline, while the AR + LTRA group received intraperitoneal montelukast (10 mg/kg) dissolved in saline.21 Similarly, the 
AR + MPZ group was administered intraperitoneal methylprednisolone (10 mg/kg) dissolved in saline.22 These treatments 
were given from day 21 to day 27 alongside intranasal OVA exposure, while the control and AR groups received only saline 
during this period. For topical treatments, the AR + OLO group received intranasal olopatadine (0.1 mg/kg, 25 μL per 
nostril) once daily, and the AR + FLU group received intranasal fluticasone propionate (FP; 25 μg/nasal passage) once 
daily.18 Both topical treatments were administered with a micropipette to ensure precise delivery. From days 28 to 34, all 
treatment groups continued to receive their respective therapies without OVA exposure (Figure 1).

Histopathology of the Olfactory System
On day 34, euthanasia was performed under deep anesthesia induced by intraperitoneal administration of thiopental 
sodium (50 mg/kg), followed by decapitation. Nasal mucosa and olfactory bulb tissues were collected immediately after 
euthanasia for histopathological evaluation. For histological evaluation of the nasal mucosa, tissues were stained with 
hematoxylin and eosin (HE), and vascular dilatation, goblet cell hyperplasia, inflammatory cell infiltration, plasma cell 
infiltration, mast cell infiltration, eosinophil infiltration, chondrocyte hypertrophy, and ciliary loss were assessed.

Olfactory bulb specimens obtained after decapitation were fixed in 10% formaldehyde for 48 h, decalcified in 10% formic 
acid for 36 h, washed overnight under running tap water, dehydrated through graded alcohols (50%, 75%, 96%, and 100%), 
cleared in xylene, and embedded in paraffin blocks. Serial sections (5 µm) were prepared using a Leica RM 2125 RT microtome; 
the first three and every tenth section were mounted on slides. After deparaffinization, the slides were stained with HE.
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Each histopathological parameter was evaluated under light microscopy by an experienced histopathologist blinded to 
the treatment groups, using predefined morphological criteria. Glomerular layer thickness and diameter were assessed 
based on structural enlargement or reduction compared with normal architecture. Glomerular organization and neuronal 
degeneration were scored according to the degree of architectural disruption and neuronal loss. Vascular congestion and 
perivascular edema were graded based on the extent of vascular dilation and perivascular fluid accumulation. Microglial 
activation was assessed according to the presence and distribution of activated microglial cells characterized by increased 
cellular density and morphological changes. Scoring was performed at ×200 and ×400 magnification, and the severity of 
each parameter was graded as none (0), mild (1), moderate (2), or severe (3).19

Olfactory Function Test
Olfactory function was assessed using the “Cookie Finding Test”.19,23 Anosmia was defined as the inability to locate a 
hidden food pellet within 5 min. Rats were deprived of food for 12 h before testing. Each rat was placed in a cage (42 × 
27×15 cm) where a food pellet was buried under wood shavings at a random location, avoiding corners or walls. The 
latency to find the pellet was recorded as an indicator of olfactory function.

The study was approved by the Local Ethics Committee for Animal Experiments of NESA Laboratory (Approval No: 079).

Statistical Analyses
Statistical analyses were performed using SPSS software, version 29.0 (IBM Corp., Armonk, NY, USA). Descriptive 
statistics were calculated, and the normality of continuous variables was assessed using the Kolmogorov–Smirnov and 
Shapiro–Wilk tests. Non-normally distributed ordinal variables (scoring parameters) were compared using the Mann– 
Whitney U-test (two groups) or the Kruskal–Wallis test (multiple groups). For normally distributed continuous variables 
(olfactory test results), intergroup comparisons were conducted using one-way ANOVA, followed by the Games–Howell 
post hoc test. Within each group, comparisons across four time points were made using the paired-sample t-test. Results 
are presented as median (min–max) and mean ± SD. A p-value <0.05 was considered statistically significant.

Results
All 49 rats randomized into the seven experimental groups completed the study and were included in the final analyses; 
no mortality or animal exclusion occurred (Supplementary Figures S1). In the positive control group, the mean cookie- 
finding time on day 1 was 98.1 ± 130.1 seconds, whereas on day 21 it increased to 353.9 ± 153.2 seconds. A statistically 

Figure 1 Timeline of ovalbumin (OVA)-induced allergic rhinitis rat model and treatment interventions (OVA: ovalbumin).
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significant difference was detected in cookie-finding time before and after 21 days of OVA administration (p = 0.007). 
Additionally, the mean cookie-finding time on the final day of OVA administration, day 28, was 263.7 ± 233.6 seconds, 
which also differed significantly from day 1 (p = 0.039), confirming successful induction of allergic rhinitis and 
associated olfactory dysfunction.

Histopathology of the Olfactory System
Marked histological improvements were observed in both nasal mucosal samples and glomerular histopathology in the 
AR + MPZ treated group compared with the positive control group, except for neuronal nuclear integrity (Table 1; 
Figures 2 and 3; Supplementary Table S1; Supplementary Figures S2 and S3). In the leukotriene receptor antagonist– 
treated group, significant improvements were observed in all evaluated nasal mucosal and most olfactory bulb histo
pathological parameters compared with the positive control group, except for mitral cell density (Table 1; Supplementary 
Table S2; Supplementary Figures S2 and S3). In the levocetirizine-treated group, significant improvements were 
observed in all evaluated nasal mucosal parameters compared with the positive control group. In olfactory bulb 
histopathology, neuronal nuclear integrity and glomerular organization did not differ significantly, whereas all remaining 
parameters showed significant improvement (Table 1; Supplementary Table S3, Supplementary Figures S2 and S3). 
Similarly, in the AR + OLO group, all nasal mucosal parameters demonstrated significant improvement, while glomer
ular organization and neuronal nuclear integrity did not show statistically significant changes compared with the positive 
control group (Table 1; Supplementary Table S4, Supplementary Figures S2 and S3). In the AR + FLU group, all nasal 
mucosal parameters improved significantly. In olfactory bulb histopathology, significant improvements were observed in 
glomerular layer thickness, glomerular diameter, perivascular edema, mitral cell density, and microglial activation 
compared with the positive control group (p = 0.004, 0.007, 0.017, <0.001, and <0.001, respectively), whereas other 
parameters did not reach statistical significance (Table 1; Supplementary Table S5; Supplementary Figures S2 and S3). 
Comparison of all treatment groups showed no statistically significant intergroup differences in any nasal mucosal or 
olfactory bulb histopathological parameters, indicating comparable histopathological improvement across treatment 
modalities (Table 1, Figure 4, Supplementary Table S6; Supplementary Figures S4 and S5).

Olfactory Function Test
On day 1, prior to allergic rhinitis induction, and on day 21, after successful establishment of the model, olfactory test 
latencies did not differ significantly among the groups (p = 0.245 and p = 0.254, respectively; Table 2). At day 28 
(treatment day 7), compared with day 21, a significant reduction in food-finding latency was observed only in the AR + 
MPZ and AR + OLO groups (p = 0.038 and p = 0.027, respectively). By day 34 (treatment day 14), these improvements 
persisted in the AR + MPZ and AR + OLO groups, and additional significant reductions were observed in the AR + FLU, 
AR + L, and AR + LTRA groups (p < 0.001, p < 0.001, p < 0.001, p = 0.005, and p= 0.026, respectively; Table 3).

Discussion
In this study, using an experimentally induced allergic rhinitis model in rats, treatment with methylprednisolone, 
levocetirizine, montelukast, fluticasone propionate, and olopatadine resulted in significant improvement in both nasal 
mucosal and olfactory bulb histopathology compared with the positive control group. However, no superiority was 
observed among the different treatment modalities in terms of histopathological outcomes. In addition, while late-phase 
improvement in olfactory function was observed across all treatment groups, early functional improvement occurred only 
in the methylprednisolone- and olopatadine-treated groups.

The OVA antigen has been widely used to establish animal models for evaluating the efficacy of antiallergic drugs, as 
it induces nasal allergic symptoms comparable to those observed in human AR.24 Accordingly, in our study, OVA 
administration led to a remarkable increase in cookie-finding time in the AR group, consistent with previous reports.14 

These findings confirmed the successful establishment of the model.
Previous studies have demonstrated that inflammation of the olfactory epithelium can impair olfactory sensory neuron 

signaling and subsequently affect olfactory bulb function, particularly at the level of the glomerular layer.14 Anti-inflammatory 
treatments have been shown to improve nasal inflammation in allergic rhinitis models; however, data regarding their effects on 
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Table 1 Comparative Histopathological Analysis of Nasal Mucosa and Olfactory Bulb Across Treatment Modalities

Parameter, Median 
(Min–Max)

AR Group 
(n=7

AR + MPZ Group 
(n=7)

p 
Value

AR + LTRA group 
(n=7)

p 
Value

AR+ L Group 
(n=7)

p 
Value

AR + OLO Group 
(n=7)

p 
Value

AR + FLU Group 
(n=7)

p 
Value

p Value 
(Intergroup)*

Glomerular layer 
thickness†

2.0 (1.0–3.0) 0.0 (0.0–1.0) 0.001 1.0 (0.0–2.0) 0.007 1.0 (0.0–2.0) 0.007 1.0 (0.0–2.0) 0.007 0.0 (0.0–2.0) 0.004 0.461

Glomerular diameter† 2.0 (1.0–3.0) 0.0 (0.0–1.0) 0.001 0.0 (0.0–2.0) 0.007 0.0 (0.0–1.0) 0.001 1.0 (0.0–2.0) 0.011 0.0 (0.0–2.0) 0.007 0.872

Glomerular 
organization†

2.0 (2.0–3.0) 1.0 (0.0–1.0) <0.001 1.0 (0.0–2.0) 0.004 1.0 (0.0–2.0) 0.008 1.0 (0.0–2.0) 0.053 1.0 (0.0–3.0) 0.053 0.773

Neuronal 
degeneration†

2.0 (2.0–2.0) 1.0 (0.0–2.0) 0.004 1.0 (0.0–2.0) 0.026 1.0 (0.0–1.0) <0.001 1.0 (0.0–2.0) 0.004 1.0 (0.0–2.0) 0.073 0.482

Vascular congestion† 2.0 (1.0–3.0) 1.0 (0.0–1.0) 0.002 1.0 (0.0–2.0) 0.007 1.0 (0.0–2.0) 0.008 1.0 (1.0–2.0) 0.011 1.0 (1.0––3.0) 0.128 0.216

Perivascular edema† 2.0 (2.0–3.0) 0.0 (0.0–1.0) <0.001 0.0 (0.0–2.0) 0.004 1.0 (0.0–2.0) 0.003 0.0 (0.0–2.0) 0.017 0.0 (0.0–3.0) 0.017 0.281

Mitral cell density† 1.0 (1.0–2.0) 0.0 (0.0–1.0) 0.002 1.0 (0.0–2.0) 0.383 0.0 (0.0–1.0) 0.026 0.0 (0.0–1.0) 0.011 0.0 (0.0–0.0) <0.001 0.110

Neuronal nuclear 
integrity†

2.0 (1.0–2.0) 1.0 (0.0–2.0) 0.053 0.0 (0.0–1.0) 0.007 0.0 (0.0–1.0) 0.004 1.0 (0.0–2.0) 0.165 0.0 (0.0–3.0) 0.165 0.691

Microglial activation† 2.0 (1.0–2.0) 0.0 (0.0–1.0) 0.002 0.0 (0.0–1.0) 0.002 1.0 (0.0–1.0) 0.011 0.0 (0.0–1.0) 0.002 0.0 (0.0–1.0) 0.001 0.225

Vascular dilatation** 3.0 (1.0–3.0) 0.0 (0.0–1.0) 0.001 1.0 (0.0–2.0) 0.011 1.0 (0.0–2.0) 0.007 0.0 (0.0–2.0) 0.001 0.0 (0.0–1.0) 0.001 0.563

Goblet cell 
hyperplasia**

2.0 (1.0–3.0) 0.0 (0.0–1.0) 0.001 0.0 (0.0–2.0) 0.004 0.0 (0.0–1.0) <0.001 1.0 (0.0–1.0) 0.001 0.0 (0.0–1.0) 0.001 0.635

Inflammatory cell 
increase**

3.0 (2.0–3.0) 0.0 (0.0–2.0) 0.001 0.0 (0.0–2.0) <0.001 1.0 (0.0–1.0) <0.001 1.0 (0.0–2.0) 0.001 0.0 (0.0–2.0) 0.001 0.905

Plasma cell 
infiltration**

3.0 (2.0–3.0) 0.0 (0.0–0.2) <0.001 0.0 (0.0–0.0) <0.001 0.0 (0.0–1.0) <0.001 0.0 (0.0–0.2) <0.001 0.0 (0.0–0.2) <0.001 0.166

Mast cell infiltration** 3.0 (2.0–3.0) 1.0 (0.0–1.0) <0.001 1.0 (0.0–1.0) <0.001 1.0 (0.0–1.0) <0.001 1.0 (0.0–2.0) <0.001 1.0 (0.0–1.0) <0.001 0.913

Eosinophil infiltration** 3.0 (1.0–3.0) 0.0 (0.0–1.0) 0.001 0.0 (0.0–2.0) 0.001 0.0 (0.0–1.0) 0.001 1.0 (0.0–2.0) 0.001 0.0 (0.0–1.0) 0.001 0.588

Chondrocyte 
hypertrophy**

3.0 (1.0–3.0) 0.0 (0.0–0.0) <0.001 0.0 (0.0–1.0) <0.001 0.0 (0.0–1.0) <0.001 0.0 (0.0–1.0) <0.001 0.0 (0.0–0.0) <0.001 0.687

Ciliary loss** 3.0 (1.0–3.0) 0.0 (0.0–1.0) 0.001 0.0 (0.0–1.0) 0.001 0.0 (0.0–1.0) 0.001 0.0 (0.0–2.0) 0.001 0.0 (0.0–1.0) 0.001 0.965

Notes: Min–max: Minimum–maximum; AR + MPZ group: systemic methylprednisolone-treated group; AR + LTRA group: Leukotriene receptor antagonist treated group; AR + L group: levocetirizine treated group; AR + OLO group: 
Topical antihistamine treated group; AR + FLU group: Topical steroid treated group; * p values indicate intergroup comparisons among treatment groups, † glomerular histopathology findings; ** nasal mucosal histopathology findings.
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Figure 2 Histopathological changes in the olfactory bulb. ➔: degenerative cells; →: congestion and perivascular edema; ▲: neuronophagia; ★: severe gliosis) (H&E, ×400).

Figure 3 Histopathological changes in the nasal mucosal epithelium. ➔: ciliary loss; →: vascular dilatation; ▲: goblet cell hyperplasia/hypertrophy with inflammation; ★ 
(black): severe inflammation; ★ (red): chondrocyte inflammation; (H&E, ×400).

Figure 4 Integrated multi-domain response to treatment (radar plot).
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Table 2 Comparison of Cookie-Finding Latency in the Olfactory Test Across Groups at Baseline (Day 1) and After AR Induction (Day 21)

Time Point (Day) AR Group 
(n=7)

AR + MPZ Group 
(n=7)

AR + LTRA Group 
(n=7)

AR + L Group 
(n=7)

AR + OLO Group 
(n=7)

AR + FLU Group 
(n=7)

p-Value

Day 1 (s), mean (±SD) 98.1 ± 130.1 315.7 ± 184.7 231.8 ± 296.2 170.8 ± 274.7 92.1 ± 55.2 114.5 ± 132.2 0.245

Day 21 (s), mean (±SD) 353.9 ± 153.2 584.3 ± 135.7 453.6 ± 337.9 370.2 ± 159.2 453.8 ± 104.7 457.0 ± 108.3 0.254

Notes: AR: allergic rhinitis; AR + MPZ group: systemic methylprednisolone-treated group; AR + LTRA group: Leukotriene receptor antagonist treated group; AR + L group: levocetirizine treated group; AR + OLO group: Topical 
antihistamine treated group; AR + FLU group: Topical steroid treated group; s: seconds; SD: Standard deviation.
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Table 3 Changes in Food-Finding Latency Across Treatment Groups

Treatment Group Day 21 (s), Mean ± SD Day 28 (s), Mean ± SD Day 34 (s), Mean ± SD p Value (Day 21 vs 28) p Value (Day 21 vs 34)

AR + MPZ (n = 7) 584.3 ± 135.7 333.6 ± 224.9 156.8 ± 113.2 0.038 <0.001

AR + LTRA (n = 7) 453.6 ± 337.9 274.9 ± 170.9 80.4 ± 23.3 0.105 0.026

AR + L (n = 7) 370.2 ± 159.2 334.2 ± 226.2 157.9 ± 107.1 0.660 0.005

AR + OLO (n = 7) 453.8 ± 104.7 234.9 ± 178.2 74.4 ± 24.2 0.027 <0.001

AR + FLU (n = 7) 457.0 ± 108.3 278.5 ± 151.9 65.4 ± 37.1 0.060 <0.001

Notes: AR: allergic rhinitis; AR + MPZ group: systemic methylprednisolone-treated group; AR + LTRA group: Leukotriene receptor antagonist treated group; AR + L group: levocetirizine treated group; AR + OLO group: Topical 
antihistamine treated group; AR + FLU group: Topical steroid treated group; s: seconds; SD: Standard deviation.
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olfactory bulb histopathology remain limited.14,15,22 In this context, our findings provide additional evidence that anti- 
inflammatory therapies may also improve olfactory bulb histopathological parameters consistent with inflammation.

Systemic corticosteroids exert potent anti-inflammatory effects through suppression of inflammatory cell migration 
and cytokine release.6 Shimizu et al reported that dexamethasone reduced mucus secretion and decreased eosinophil 
infiltration.25 In line with these findings, methylprednisolone treatment in our study resulted in significant improvement 
in multiple histopathological parameters in both the nasal mucosa and olfactory bulb. However, neuronal nuclear 
integrity did not demonstrate significant recovery, suggesting that restoration of neuronal structural integrity may require 
longer treatment duration or additional neuroprotective mechanisms beyond inflammation control.16

In the study by Tabaru et al, montelukast was shown to improve nasal inflammatory parameters such as goblet cell 
hyperplasia, vascular congestion, and eosinophilic infiltration in an AR rat model.21 Although several studies have 
demonstrated the effects of montelukast on nasal mucosal histopathology, to the best of our knowledge, no previous work 
has evaluated its impact on olfactory bulb histopathology.21,25 In our study, montelukast significantly improved olfactory 
bulb histopathological parameters, suggesting a potential role in mitigating olfactory loss associated with allergic rhinitis, 
thereby providing a novel contribution to the literature. However, no significant improvement was observed in mitral cell 
density; this may be related to the relatively short treatment duration or to ongoing inflammatory-like changes that may 
limit structural neuronal recovery following neuronal degeneration.17

Shimizu et al reported that H1 antagonists decreased eosinophil infiltration,25 and another study demonstrated that 
desloratadine improved olfactory function.26 In our study, levocetirizine produced significant improvements in all 
histopathological changes of both the olfactory bulb and the nasal mucosa, which is a noteworthy finding. Notably, 
these effects were observed only with levocetirizine among the H1 antihistamines, and further studies are required to 
determine whether similar benefits can also be achieved with other agents.

Recent data from animal models have demonstrated that short-term intranasal corticosteroid therapy can protect the 
olfactory sensory neuron population and preserve olfactory function against inflammation-induced damage.16 Among the 
available intranasal corticosteroids, fluticasone propionate was selected in the present study because it is one of the most 
commonly prescribed agents and is characterized by minimal systemic absorption (<1%).27 Consistent with its estab
lished anti-inflammatory effects, Jacobson et al showed that fluticasone significantly reduced nasal symptoms and 
inhibited seasonal infiltration of mast cells and eosinophils in both the nasal epithelium and subepithelium in patients 
with allergic rhinitis.28 In line with these findings, our results demonstrated significant improvement in multiple nasal 
mucosal and olfactory bulb histopathological parameters, whereas alterations considered partially reversible or irrever
sible, such as neuronal nuclear integrity, neuronal degeneration, and glomerular organization, did not show significant 
recovery. Although direct evidence regarding the effects of topical antihistamines on olfactory bulb inflammation is 
scarce, olopatadine has been shown to suppress allergen-induced nasal symptoms and reduce pro-inflammatory cytokine 
release in the nasal mucosa.29,30 In our study, olopatadine treatment resulted in significant improvement in nasal mucosal 
histopathology and in olfactory bulb histopathological parameters consistent with inflammation, supporting its potential 
role in mitigating olfactory dysfunction associated with allergic rhinitis.

Although inflammatory changes in the olfactory bulb have been demonstrated to be consistent with olfactory 
dysfunction following different anti-inflammatory treatments, studies directly comparing the effects of various treatment 
modalities on olfactory inflammation remain limited.14,15,22 Bozkurt et al showed that prednisolone, montelukast, and 
omalizumab had comparable effects in reducing inflammatory cell infiltration in nasal and sinus histopathology. In 
another study, montelukast and prednisolone demonstrated similar efficacy on nasal symptoms and multiple inflamma
tory endpoints.22 In agreement with these findings, our study demonstrated no significant differences among treatment 
groups in either nasal mucosal or olfactory bulb histopathology, providing additional evidence that multiple therapeutic 
options may achieve similar structural anti-inflammatory effects.

Previous studies suggest that although nasal obstruction due to local inflammation contributes to olfactory dysfunc
tion in AR, the persistence of smell impairment after inflammation resolution points to additional mechanisms, such as 
direct effects on olfactory sensory neurons and olfactory bulb pathways.31,32 Accordingly, we compared the effects of 
various treatment modalities on olfactory test performance, and our results revealed both early and late differences in 
functional recovery. Our findings suggest that methylprednisolone and olopatadine provided early improvement in 
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olfactory function. This may be explained by the rapid anti-inflammatory action of corticosteroids, which suppress acute 
inflammatory responses within hours, as well as by the fast onset of olopatadine, which has been shown in previous 
studies to alleviate nasal symptoms within about 30 minutes of administration.33,34 Although histopathological improve
ment was observed across treatment groups, correlations between individual histopathological parameters and olfactory 
performance were generally weak. Only limited associations were detected at specific time points, suggesting that 
functional olfactory recovery may not directly mirror the severıntity of individual histopathological changes and may 
instead reflect complex, time-dependent recovery dynamics, as previously reported in both experimental and clinical 
studies.35,36 This dissociation suggests that olfactory function may depend on integrated and time-dependent processes 
beyond individual histopathological features. Experimental and clinical studies indicate that functional olfactory recovery 
can occur independently of complete structural normalization and may be influenced by the timing and dynamics of anti- 
inflammatory effects rather than by discrete histopathological changes alone.14,16,25

From a clinical perspective, these findings suggest that olfactory dysfunction in allergic rhinitis may reflect changes 
beyond the nasal mucosa, including in the olfactory bulb, and that although commonly used therapies achieve compar
able histopathological improvement, the earlier functional recovery observed with methylprednisolone and olopatadine 
may be clinically relevant in selected patients.

The main limitations of this study include the lack of inflammatory marker or cytokine measurements to support the 
histopathological findings. Another limitation is the relatively short treatment duration, which may have limited the 
assessment of neuronal recovery. Longer follow-up periods and the incorporation of inflammatory biomarkers may 
provide further insight into neurobiological recovery processes and underlying mechanisms. Given the exploratory nature 
of this preclinical study and ethical constraints on animal use, an a priori sample size calculation was not performed; 
however, post-hoc analyses indicated sufficient power to detect large effects, supporting the interpretation of comparable 
treatment efficacy. Histopathological scoring was performed by a single experienced observer, which precluded formal 
inter-rater reliability analysis; however, evaluations were conducted in a blinded manner using predefined morphological 
criteria consistent with those reported in previous experimental studies.19 Despite these limitations, the present study 
contributes novel evidence by demonstrating that different anti-inflammatory treatment modalities effectively reduce 
olfactory inflammation without clear superiority and by identifying temporal differences in functional olfactory recovery. 
Furthermore, our results revealed that methylprednisolone and olopatadine were the most effective treatments for early 
improvement of olfactory dysfunction.

Conclusion
All treatment modalities improved olfactory mucosal and olfactory bulb histopathological parameters, with no clear 
superiority. Notably, while late-phase olfactory functional recovery was observed with all treatment modalities, the 
exclusive early improvement in the methylprednisolone and olopatadine groups is a noteworthy finding.
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