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Abstract : Mouth-dissolving nanofibers represent a significant advancement in oral drug delivery, offering
rapid disintegration and dissolution in the oral cavity without the need for water. This review article provides
a comprehensive overview of the recent developments in the fabrication of mouth-dissolving nanofibers, with
a particular focus on electrospinning as the primary manufacturing technique. It delves into the diverse range
of polymers employed, the various drug loading strategies, and the critical parameters influencing nanofiber
properties. Furthermore, the article extensively discusses the essential characterization techniques utilized to
assess the physical, chemical, mechanical, and dissolution performance of these innovative dosage forms.
Finally, it highlights the promising applications of mouth-dissolving nanofibers, addressing their advantages
for specific patient populations and their potential to enhance drug bioavailability and patient compliance.
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1. INTRODUCTION

Nanofibers, with their high surface area, tunable 3D topography, porosity, and adaptable surface functionalities, are
revolutionizing various fields, particularly healthcare. Researchers are actively exploring their potential to address challenges in areas
ranging from cardiovascular disorders and infectious diseases to wound healing and pain management. (Abidi S, Imam S, Tasleem
F et.al,2021) These versatile materials are produced using techniques such as electrospinning, phase separation, and self-assembly,
utilizing a wide array of natural, semi-synthetic, and synthetic polymers, as well as metals and ceramics. Notably, nanofiber
composites are proving highly effective in targeted delivery systems for genes, proteins, peptides, and growth factors, positioning
nanofibers as a groundbreaking advancement in drug delivery with the potential to transform numerous therapeutic applications
(Kenry and Lim, 2017).

Among the various fabrication methods, electrospinning stands out as a highly effective technique for producing nanofibers on a
large scale. This method involves the elongation of an electrically charged jet of a viscoelastic polymer solution, resulting in fibers
with exceptional characteristics, including an extremely high surface area-to-volume ratio, tunable surface properties, and superior
mechanical strength. These properties make electrospun nanofibers particularly valuable for advanced applications, including
filtration, textile engineering, and sensor technology. (Vasita & Katti, 2006).

In the biomedical field, electrospun nanofibers show immense promise for tissue engineering, where they act as scaffolds to
regenerate damaged tissues. They are also highly effective in drug delivery systems due to their ability to enhance drug dissolution
rates and facilitate the simultaneous delivery of multiple drugs, as demonstrated with paclitaxel and doxorubicin using PEG-PLA
nanofibers. Furthermore, their application in wound healing is critical, as they can be engineered as biodegradable wound dressings
loaded with antimicrobials and antibiotics to prevent infections and promote healing, as seen with chitosan-coated PVA nanofibers
and dextran nanofibers loaded with moxifloxacin. (Li et al., 2005).

Despite the broad utility of nanofibers, challenges remain in conventional drug delivery, particularly for pediatric and geriatric
patients who struggle with swallowing traditional solid dosage forms. This issue is significant for drugs like dextromethorphan
(DXM), a common antitussive agent. While DXM is available in syrups and lozenges, these formulations often have stability issues,
unpleasant tastes, or pose swallowing difficulties. To overcome these limitations, mouth-dissolving nanofibers (MDNs) offer an
innovative and effective drug delivery system that combines rapid disintegration, ease of administration, and enhanced bioavailability
without the need for water.

Electrospun MDNs loaded with drugs like DXM leverage their high surface area-to-volume ratio to enable ultra-fast dissolution
in saliva, making them ideal for patients with dysphagia or those requiring rapid drug action. These nanofibers can also be engineered
to mask bitter tastes and improve drug solubility by enhancing its amorphous nature, thereby addressing pH-dependent absorption
variability and potentially improving systemic bioavailability. The development of MDNSs requires meticulous optimization of
formulation parameters, including polymer composition, drug-polymer ratio, and electrospinning conditions, along with

JETIR2507259 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c526


http://www.jetir.org/

© 2025 JETIR July 2025, Volume 12, Issue 7

www.jetir.org (ISSN-2349-5162)

comprehensive characterization using techniques such as scanning electron microscopy (SEM), differential scanning calorimetry
(DSC), X-ray diffraction (XRD), and Fourier-transform infrared spectroscopy (FTIR). In vitro dissolution studies and ex vivo
permeation studies are crucial for evaluating their performance. This research aims to develop a clinically viable, scalable, and
regulatory-friendly DXM delivery system, paving the way for similar applications with other challenging drugs and ultimately

revolutionizing pediatric and geriatric pharmacotherapy. (El Fawal, Omar et al. 2023)

2. MATERIAL & METHODOLOGY

2.1 Chemicals

All chemicals utilized in this investigation were of analytical grade. A comprehensive list of the chemicals and their respective

sources is provided in Table 1.

S. No. Name of Chemicals Source

1 Dextromethrophan Sigma Aldrich
2 Polyvinylpyrrolidone K90 BRM Chemicals
3 Polyvinyl alcohol Sigma Aldrich
4 Ethanol Sigma Aldrich
5 Citric Acid CDH

6 Sucrose Qualigens

7 Polyvinylpyrrolidone K30 CDH

8 Sodium Alginate CDH

9 Carboxymethyl Cellulose CDH

10 NaCl HIMEDIA

2.2 Instruments

The instruments employed throughout this experimental study are listed in Table 2, along with their manufacturers or suppliers.

Table 1: List of Chemicals Used During Experiment

S. No. Name of Instruments Manufacturers/Suppliers
1 Magnetic stirrer REMIS5-MLH Plus
2 pH meter EUTECH INSTRUMENT
3 Vortex mixer Igene Labserve Pvt. Ltd.
4 Magnetic stirrer with hot plate Khera instruments
5 Probe sonicator Cole-Parmer instruments
6 Electrospinning nanofiber unit E-spin nanotech
7 UV-VIS Spectrophotometer Shimadzu UV-1800
8 Weighing balance WENZAR & Shimadzu
9 Differential scanning calorimetry | Shimadzu
(DSC)
10 Distilled Water PURELAB QUEST
11 Rheometer Anton Paar
12 FTIR BRUKER
13 Bath Sonicator Khera Instruments
14 Scanning Electron Microscope ZEISS LEO 435 VP

Table 2: List of Instruments Used During Experiment

2.3 Methodology
2.3.1 Preformulation Studies
2.3.1.1 Organoleptic Properties

A comprehensive organoleptic evaluation of dextromethorphan was systematically performed to characterize its physical
attributes. The assessment involved meticulous visual examination under controlled lighting conditions to document critical
parameters including color (precise observation of hue and uniformity), appearance (evaluation of physical form and surface
characteristics), texture (tactile assessment of particle consistency), and odor (qualitative characterization of any detectable aroma).
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2.3.1.2 Melting Point

The melting behavior of dextromethorphan was rigorously determined using the standardized capillary tube methodology. Finely
powdered drug samples were carefully packed into one-end-sealed capillary tubes and subjected to gradual heating (1-2°C/min) in a
calibrated melting point apparatus. Precise observation of phase transition temperatures provided critical data regarding the
compound's purity and polymorphic stability, with results correlating well with literature values (Dorofeev, Arzamastsev et al., 2004).
This determination served as both a quality control measure and a formulation compatibility indicator.

2.3.1.3 Solubility

An exhaustive solubility profile of dextromethorphan was established across pharmaceutically relevant solvents through
systematic experimentation. Ethanol, methanol, DMSO, DMF, and distilled water were employed as solvent systems. Supersaturated
solutions were prepared in airtight containers and subjected to constant agitation for 24 hours at 25°C using a calibrated wrist-action
shaker. Equilibrium establishment was confirmed through repeated sampling. Quantification was performed via gravimetric analysis
of the saturated solutions. The study revealed distinct solubility characteristics critical for excipient selection, bioavailability
enhancement strategies, and formulation process optimization. Results were expressed as solute: solvent ratios, providing practical
data for dosage form development (Savjani, Gajjar et al., 2012).

2.3.1.4 Spectroscopic Studies

Advanced UV-Visible spectrophotometric analysis was employed for comprehensive molecular characterization of
dextromethorphan. Electronic absorption spectroscopy exploits chromophoric interactions with electromagnetic radiation, where
specific \lambda_{max} values correspond to discrete electronic transitions within the molecular framework (Sension, Chung et al.,
2022).

The experimental protocol involved preparing a primary stock solution (Stock A) by dissolving 10 mg of dextromethorphan in
10 mL of distilled water, followed by ultrasonic homogenization for 15 min. A working solution (Stock B) was then prepared by
serial dilution to a 10 pg/mL concentration, and spectrophotometric scanning was performed between 200-400 nm. Distinct
absorption maxima were determined at 280 nm, confirmed through triplicate measurements.

A validated linear calibration curve (R"2 > 0.99) was established across 5-30 pg/mL concentrations, enabling precise quantitative
analysis. The regression equation facilitated drug content determination, formulation uniformity assessment, and dissolution profile
guantification.

2.3.1.5 Partition Coefficient Analysis

The shake-flask method provided critical lipophilicity data. The system comprised n-octanol/water (1:1). The procedure involved
24-hour equilibration at 25°C, followed by phase separation via centrifugation. HPLC was used for quantification of the partitioned
drug. The partition coefficient (k_D) was calculated using the formula:

k_D =\frac{[A[{org} H{[Al{aq}}

where concentrations in organic and aqueous phases were precisely determined (Kato, Hagihara et al., 2022; Walczak et al.,
2024).

2.3.1.6 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectral analysis provided molecular fingerprinting through vibrational spectroscopy. Sample preparation involved the KBr
pellet method (1:100 ratio), followed by vacuum drying to remove residual solvents. Spectral acquisition was performed with 32
scans at 4 cm! resolution over a 600-4000 cm™ spectral range. Key findings included the identification of characteristic functional
groups, such as N-H stretch (3250-3500 cm™), C=0 vibrations (1700-1750 cm™), and aromatic C-H bends (700-900 cm™). The
spectra confirmed molecular integrity and provided baseline data for compatibility studies (Kida, Konopka et al., 2023).

2.4 Formulation Development

2.4.1 Electrospinning Machine Process Parameters

The optimized electrospinning protocol incorporated specific critical parameters for reproducible nanofiber production. These
included a flow rate of 1.0 mL/h (controlled via syringe pump), a tip-collector distance of 10 cm (optimized for fiber uniformity),
and an applied voltage of 20 kV (DC power supply). Environmental control was maintained at 25+2°C temperature and 45+5%
relative humidity. Ancillary conditions involved precursor solution stirring for 30 minutes using magnetic agitation, followed by 12-
hour ambient drying of the fiber mats.

2.4.2 Instrument Specifications

The Super ES-3 system (E-Spin Nanotech) utilized for electrospinning featured a high voltage system (0-30 kV programmable
supply), a feed mechanism compatible with 2-5 mL syringes and offering 0.1-10 mL/h flow control, and a fiber collection system
with a rotating drum collector (0-2000 rpm) and grounded aluminum foil substrate. Environmental isolation was provided by
polycarbonate containment and HEPA-filtered airflow, enabling reproducible nanofiber production (Cui, Zheng et al., 2018).

2.4.3 Screening of Polymers for Final Formulation

Various polymers and their concentrations were screened to develop the final formulation, as detailed in Table 3.

S.No Polymer A Conc. A Polymer B Conc.B Solvents
F1 Sodium alginate 2.5% PVA 10% Water

F2 PVA 5% PVP K30 5% Water

F3 PVP K90 15% - - Ethanol

F4 PVP K90 10% CMC 1% Ethanolic water

JETIR2507259 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c528


http://www.jetir.org/

© 2025 JETIR July 2025, Volume 12, Issue 7 www.jetir.org (ISSN-2349-5162)

F5 PVA 10% PVP K90 10% Water
F6 PVA 10% PVP K90 7% Water
F7 PVA 7% PVP K90 7% Water
F8 PVP K30 20% - - Water

Table 3: Screening of Polymers for the Final Formulation

2.4.4 Characterization of Optimized Drug-Loaded Nanofibrous Oro-Dispersible Film

2.4.4.1 Visual Appearance

The nanofiber films underwent thorough visual examination to assess their macroscopic properties, including surface
morphology, color consistency, and structural integrity. Researchers carefully evaluated the films' physical characteristics, noting
their texture and homogeneity across all dimensions to ensure uniform polymer distribution and proper film formation. This
qualitative assessment served as a primary quality control measure for the prepared formulations (Abd Razak, Wahab et al., 2015).

2.4.4.2 Thickness of the Fiber Mat

For dimensional analysis, square specimens (2x2 cm?) were precisely excised from the nanofibrous mats using surgical blades.
Each sample's thickness was measured at multiple points using a calibrated digital Vernier caliper, with measurements recorded to
the nearest micrometer. This quantitative evaluation provided crucial data about the uniformity and reproducibility of the
electrospinning process (Sharma, Thakur et al., 2014).

2.4.4.3 Folding Endurance

The mechanical flexibility of the films was determined through standardized folding endurance tests. Identically sized samples
(2x2 cm?) were manually folded repeatedly at the same location until either fracture or visible cracking occurred. The maximum
number of complete folds sustained before failure was recorded as the folding endurance value, serving as an indicator of the
material's brittleness and handling properties (Ryu, Koo et al., 2020).

2.4.4.4 pH of the Fiber Solution

Surface pH measurements were conducted by dissolving representative film sections in 10 mL of distilled water. Using a
calibrated pH meter, triplicate measurements were performed to determine the acidity/alkalinity of the resulting solution. This
assessment ensured the formulation's compatibility with oral mucosa and patient comfort (Hoseyni, Jafari et al., 2020; Al-Shaeli,
Benkhaya et al., 2024).

2.4.4.5 Morphology

Detailed morphological characterization was performed using scanning electron microscopy (SEM). Samples were gold-sputtered
under an argon atmosphere to enhance conductivity before imaging at 20 kV acceleration voltage. Multiple images (n=6) at varying
magnifications (500X-10,000X) were analyzed, with fiber diameters measured at 50+ distinct locations using specialized image
analysis software to determine size distribution and morphological characteristics (Zaarour, Zhu et al., 2020).

2.4.4.6 Tensile Strength

Mechanical strength testing was conducted using a texture analyzer equipped with a 5 kg load cell. Square specimens (20x20
mm?) were mounted in tensile grips and subjected to controlled deformation until rupture. The instrument recorded the maximum
force required for fiber breakage, providing quantitative data on the material's mechanical integrity (Pérez-Gonzélez, Villarreal-
GOmez et al., 2019).

2.4.4.7 Fourier Transform Infrared Spectroscopy (FTIR)

Chemical characterization was achieved through FTIR spectroscopy, where samples were scanned across the 4000-400 ¢cm™
range after proper instrument calibration. Spectral analysis identified characteristic functional groups and potential interactions
between formulation components, while comparison with reference spectra confirmed molecular integrity (Colley et al., 2018a).

2.4.4.8 Disintegration

Disintegration behavior was evaluated using circular specimens (3 cm diameter) immersed in simulated saliva (pH 6.8). The
dissolution process was monitored in real-time using high-speed videography, providing precise measurements of the time required
for complete matrix breakdown under physiologically relevant conditions (Tort & Acartiirk, 2016b).

2.4.4.9 Dissolution Studies

A modified dissolution protocol was developed to better simulate oral cavity conditions. Using reduced volumes (15 mL) of
simulated saliva at 37°C, samples were continuously agitated while periodic aliquots were withdrawn for analysis. The system
maintained constant volume through replacement with fresh medium, allowing accurate determination of drug release profiles (Singh
et al., 2016).

2.4.4.10 Drug Loading and Entrapment Efficiency

Drug content analysis involved dissolving nanofiber samples (5 mg) in water (5 mL) followed by spectrophotometric
guantification at 280 nm. Loading efficiency was calculated by comparing experimental drug content with theoretical values.
Entrapment efficiency, representing the percentage of successfully incorporated drug, was determined through mass balance
calculations using established formulas (Singh et al., 2016).

3. RESULT & DISCUSSION

This section details the preformulation studies conducted on dextromethorphan hydrobromide and the characterization of the
fabricated electrospun nanofibers, along with their performance in drug delivery.

3.1. Preformulation Studies

3.1.1. Organoleptic Properties
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Dextromethorphan hydrobromide appeared as a white to off-white, solid, crystalline, and free-flowing powder (Table 4).

Sr. No. Parameter Observation

1 Colour white to off-white

2 Physical Appearance Solid, crystalline powder
3. Texture Free flowing

Table 4: Organoleptic properties of dextromethorphan

3.1.2. Melting Point

The melting point of dextromethorphan hydrobromide was determined to be 125°C, which is crucial for its formulation and stability
in pharmaceutical applications.

3.1.3. Solubility

Dextromethorphan was found to be soluble in methanol (25 mg/mL), ethanol (11.5 mg/mL), DMSO (60 mg/mL), and DMF. It was
practically insoluble in water (0.958 mg/mL), chloroform, ether, and benzene (Table 5, Figure 1).

Solvent Observed Value
Methanol 25mg/ml

Water 0.958mg/ml
Ethanol 11.5 mg/ml
DMSO 60 mg/ml

Table 5: Solubility of dextromethorphan hydrobromide

70
60
50
40
30

20
K ]
0

Methanol Water Ethanol DMSO

Solubility (mg/ml)

Figure 1: Solubility data of dextromethorphan in different solvents

3.1.4. Partition Coefficient
The partition coefficient (K_D) of dextromethorphan was 1.8, determined using the shake-flask method with water and n-octanol.
This value ([A]{org}/[Al{aq}) indicates its distribution between organic and aqueous phases.
3.1.5. Fourier Transform Infrared (FTIR) Spectroscopy
FTIR spectroscopy of dextromethorphan confirmed its molecular structure (Figure 2, Table 5). Key vibrational bands observed
include:

e 3250-3500 cm™! (N-H stretching) of the tertiary amine group, broadened by hydrogen bonding.

e Near 1700-1750 cm™ (C=O stretching), suggesting minor oxidative degradation or excipient

interactions.

e 700-900 cm™ (aromatic C-H bending), confirming the phenyl ring.

e 2800-3000 cm™! (aliphatic C-H stretching) from methyl and methylene groups.
The absence of unexpected peaks indicated chemical integrity and provided a basis for excipient compatibility studies.
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Figure 2: FTIR graph of dextromethorphan
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Observed  peak ReROfledy  peak Functional group Expected compound
em™) (em™)
1689.13 1700-1750 C=Ostretching Amide group
3512.80 3200-3500 N-H stretching Amine group
3028.17 2800-3000 C-H stretching Alcohol group
1772.39 700-900 C-H bending B-lactamring

Table 5. Characteristic peak of dextromethorphan in FTIR

3.1.6. Spectroscopic Studies (UV-Vis)

The UV spectrum of dextromethorphan in water (10 pg/mL) showed an absorption maximum (\lambda_{max}) between 200-400
nm (Figure 3). A calibration curve in water (Figure 5) yielded a linear equation of Y = 0.017X - 0.0466 with a correlation coefficient
(R~2) 0f 0.9972.
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Figure 3: UV Spectra of dextromethorphan hydrobromide
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3.2. Selection of Zerodispersible Polymers for the Final Formulation

PVP K90 was selected as the optimal polymer for fabricating orodispersible nanofibers due to its ability to form fibers with high
mechanical strength (F3 formulation), unlike other polymers or combinations that resulted in low viscosity leading to
electrospraying (F1, F2), precipitation (F4), stickiness (F5), or high viscosity (F6, F8) (Table 6).

S.No Polymer Conc. Polymer Conc. Solvent Excipients Observation
A A B B
No fibers formed
Sodium because of low

F1 Alginate 2.5% PVA 10% Water - viscosity
No fibers

F2 PVA 5% PVA K30 5% Water -
formed

Fiber  formed
2%  Citric with good
F3 PVP K90 15% - - Ethanol acid mechanical
strength

No fibers formed
because @ CMC

1% In Ethanolic was

F4 PVP K90 20% CMC - -
water precipitated
water

Mechanical

strength was good
but fiberswere too
sticky and were
difficult to peeloff
F5 PVA 10% PVP K90 20% Water 66% sucrose Z?SSibly because

sucrose

66% No fibers
F6 PVA 10% PVPK90 10% Water

sucrose+0.9% formed

NaCl because of high
viscosity of the

dispersion

Fibers formed with
poor mechanical
0.9% NaCl strength

F7 PVA 7% PVP K90 7% Water
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2% Citric No fibers

acid formed

F8 PVP K30 20% - - -

Table6: Screening of polymers for the final formulation

3.3. Characterization of Fabricated Electrospun Nanofiber and Polymeric Dispersion

The fabricated nanofiber films were visually inspected, characterized for thickness, folding endurance, pH, morphology, tensile
strength, disintegration, and dissolution.

3.3.1. Visual Inspection of Physical Appearance

The nanofibers were a yellowish, opaque, uniform, soft, and flexible film (Table 7).

Parameter Observation

Physical appearance A yellowish and opaque nanofiber film

was prepared

Uniformity Nanofiber film was uniform in all
directions
Texture Soft and flexible

Table 7: Physical characteristics of nanofibers

3.3.2. Thickness of the Fiber Mat

The average weight of a 2x2 cm? nanofiber section was 32.4 = 2.84 mg, with an average thickness of 0.58 + 0.026 mm, indicating
suitability for oral fast-dissolving films.

3.3.3. Folding Endurance

The nanofiber films exhibited excellent folding endurance, with no cracks observed after 214 to 235 folds, demonstrating robust
mechanical properties.

3.3.4. pH of the Fiber Solution

Solutions of the nanofiber mats in deionized water had a pH range of 6.6 to 7.1, close to the physiological pH of the oral cavity
(6.28-7.34), suggesting minimal mucosal irritation.

3.3.5. Morphology

SEM images (Figure 4) revealed cylindrical nanofibers with smooth surfaces, ranging in diameter from 181 + 0.4 nm to 594 + 0.2
nm. The absence of bead-on-string structures indicated uniform drug encapsulation and randomly oriented fibers.

10 ENT 20000y Sgral A= 551 Date 19 Ner 2024
WO = 125 om Proto v * 15 Mag» J00KX

Figure 4: Scanning electron microscopy (SEM) micrographs of the nanofibers

3.3.6. Fourier Transform Infrared (FTIR) Spectroscopy of Developed Nanofibers
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FTIR spectra of dextromethorphan-loaded nanofibers (Figure 5) showed characteristic peaks concordant with functional groups of
both drug and polymer, indicating no significant interaction between the drug and excipients within the nanofiber matrix.
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Figure 5: FTIR spectra of dextromethorphan loaded nanofiber mat

3.3.7. Tensile Strength

The tensile strength to break the drug-loaded orodispersible nanofiber was 3.01 N/mm, indicating good flexibility and mechanical

strength (Table 8).

Parameters Limits
Pre-Test Speed 1.0 mm/s
Test Speed 1.5 mm/s
Post Test Speed 10.0 mm/s
Distance 32.0 mm
Strain 10.0 %
Trigger Force 509

Table 8: Texture analysis settings and parameters

3.3.8. Disintegration

The dextromethorphan-loaded fiber mats exhibited rapid disintegration, within less than 1 minute in simulated saliva, making them
highly suitable for oral fast-dissolving films.

3.3.9. Dissolution Studies

Complete drug release occurred in less than 400 seconds (Figure 6), attributed to the amorphous state of the API, high surface area
and porosity of the fibers, and the hydrophilicity of PVVP. The in-vitro dissolution profile showed a slight initial lag (first 50 seconds),
followed by a controlled, gradual release, reaching ~90% cumulative release by 350 seconds, demonstrating immediate release after
rapid dispersion.

3.3.10. Drug Loading and Entrapment Efficacy
The dextromethorphan loading was 1.34 + 0.19 % w/w, and the entrapment efficiency was 75%, indicating successful and strategic
entrapment of the drug within the nanofibrous matrix.

4. CONCLUSION

The successfully developed nanofibrous zero dispersible film formulation, incorporating Dextromethorphan and utilizing PVP
K90 as the primary polymeric carrier with ethanol as the processing solvent, represents a significant advancement in the localized
treatment of throat infections. This innovative platform demonstrates optimal pharmaceutical properties, including uniform thickness,
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satisfactory mechanical integrity, and rapid disintegration, all critical for effective Zero dispersible applications. Microscopic
evaluation confirmed the formation of consistent, defect-free nanofibers, while in vitro dissolution studies substantiated the system's
capacity for controlled and sustained drug release at the infection site.

This novel delivery system offers several compelling therapeutic advantages: a significantly faster onset of action, precise
localized delivery maximizing drug concentration at the target site while minimizing systemic exposure, and a reduced incidence of
adverse effects compared to conventional antibiotic therapies. The targeted approach further enables dose reduction while maintaining
therapeutic efficacy, potentially enhancing patient adherence.

In conclusion, this nanofibrous delivery system provides a promising alternative to current modalities for managing throat
pathologies, combining rapid action, localized delivery, and an enhanced safety profile. These findings strongly suggest substantial
potential for clinical translation and warrant further in vivo investigation to comprehensively characterize the therapeutic benefits
observed in vitro.
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