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ABSTRACT

Background: Ondansetron is a widely used serotonin 5-HT3 receptor antagonist for managing
chemotherapy-induced, radiation-induced, and postoperative nausea and vomiting. Conventional
oral solid dosage forms present challenges for patients experiencing nausea and vomiting, who
often have difficulty swallowing. Oral fast dissolving films (ODFs) offer a promising alternative
by providing rapid disintegration in the oral cavity without requiring water, potentially
improving patient compliance and therapeutic outcomes.

Extensive preformulation studies were conducted to characterize ondansetron
hydrochloride and establish drug-excipient compatibility using FTIR and DSC. Systematic
screening of film-forming polymers (HPMC E5, HPMC E15, PVA, PVP K30) and plasticizers
(glycerin, propylene glycol, PEG 400) was performed. Twelve formulations (F1-F12) were
prepared by solvent casting method with variations in polymer type, polymer concentration (40-
70 mg per 4 cmz2 film), and incorporation of PVP K30 as disintegration enhancer. Films were
evaluated for physical appearance, thickness uniformity, weight variation, folding endurance,
surface pH, moisture content, drug content uniformity, mechanical properties (tensile strength,
elongation at break, Young's modulus), disintegration time, and dissolution profile. The
optimized formulation was subjected to advanced characterization (FTIR, DSC, XRD, SEM) and
stability studies as per ICH guidelines under accelerated (40°C/75% RH) and long-term
(25°C/60% RH) conditions.

Keywords: Ondansetron, Oral fast dissolving films, HPMC, Solvent casting, Rapid
disintegration, Enhanced dissolution, Patient compliance, Antiemetic therapy.
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INTRODUCTION

1.1 Overview of Drug Delivery Systems

The pharmaceutical industry has witnessed remarkable advancements in drug delivery systems
over the past few decades, shifting from conventional dosage forms to more patient-centric
formulations. Traditional oral dosage forms such as tablets and capsules have been the
cornerstone of pharmaceutical therapy for decades due to their ease of administration, cost-
effectiveness, and high patient compliance [1]. However, these conventional formulations
present significant challenges for specific patient populations, including pediatric and geriatric
patients, individuals with dysphagia, bedridden patients, and those suffering from nausea and
vomiting [2]. The quest for improved patient compliance and therapeutic efficacy has driven
researchers to develop novel drug delivery systems that overcome the limitations of traditional
formulations while maintaining or enhancing their therapeutic benefits [3].

1.2 Oral Fast Dissolving Films: A Revolutionary Approach

Oral fast dissolving films, also known as oral thin films, orodispersible films, or mouth
dissolving films, are solid dosage forms that rapidly dissolve or disintegrate when placed on the
tongue, typically within seconds to minutes [7]. These films are manufactured using hydrophilic
polymers that undergo rapid hydration upon contact with saliva, leading to swift disintegration
and drug release [8]. The concept of fast-dissolving oral delivery systems was first introduced in
the late 1970s, but it was not until the late 1990s and early 2000s that significant commercial
interest developed in this technology [9].

The unique characteristics of ODFs offer several advantages over conventional oral dosage
forms. First and foremost, they eliminate the need for water during administration, making them
particularly suitable for patients who have difficulty swallowing or those in situations where
water is not readily available [10]. The rapid dissolution of these films in the oral cavity ensures
quick drug release and onset of action, which is particularly beneficial for managing acute
conditions requiring immediate therapeutic intervention [11]. Additionally, ODFs provide an
increased surface area compared to conventional tablets, which can enhance drug dissolution and
potentially improve bioavailability [12].

1.3 Ondansetron: A Critical Antiemetic Agent

Ondansetron, chemically known as (%)-9-methyl-3-[(2-methyl-1H-imidazol-1-yl)methyl]-2,3-
dihydro-1H-carbazol-4(9H)-one, is a selective serotonin 5-HT3 receptor antagonist widely used
for the prevention and treatment of nausea and vomiting [16]. This drug was first approved by
regulatory authorities in the early 1990s and has since become one of the most commonly
prescribed antiemetic agents worldwide [17]. Ondansetron exhibits its therapeutic effect by
blocking serotonin receptors located in the chemoreceptor trigger zone of the brain and in the
peripheral nervous system, particularly in the gastrointestinal tract [18].

The clinical applications of ondansetron are extensive and diverse. It is primarily indicated for
the prevention and treatment of chemotherapy-induced nausea and vomiting (CINV), radiation-
induced nausea and vomiting (RINV), and postoperative nausea and vomiting (PONV) [19].
Cancer patients undergoing chemotherapy often experience severe nausea and vomiting as
debilitating side effects of their treatment, and ondansetron has proven to be highly effective in
managing these symptoms, thereby improving patients' quality of life and treatment compliance
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[20]. Similarly, patients receiving radiation therapy and those recovering from surgical
procedures benefit significantly from ondansetron's antiemetic properties [21].

1.5 Formulation Components of Oral Fast Dissolving Films

The successful development of oral fast dissolving films requires careful selection and
optimization of various excipients, each serving specific functions to achieve the desired
pharmaceutical and biopharmaceutical properties. The formulation of ODFs typically consists of
several key components, including film-forming polymers, plasticizers, sweetening agents,
flavoring agents, saliva stimulating agents, and other functional excipients.

1.5.2 Plasticizers

Plasticizers are essential components in ODF formulations as they improve the flexibility, reduce
brittleness, and enhance the mechanical properties of the films. These agents work by embedding
themselves between polymer chains, thereby reducing intermolecular forces and increasing the
free volume within the polymeric matrix. This results in improved film flexibility and reduced
tendency to crack or break during handling and storage. Commonly used plasticizers include
glycerin, propylene glycol, polyethylene glycol of various molecular weights, and sorbitol. The
concentration of plasticizer must be carefully optimized, as insufficient amounts may result in
brittle films, while excessive amounts can lead to tacky, difficult-to-handle films with reduced
mechanical strength.

2.1 Introduction to Ondansetron

Ondansetron is a potent and selective serotonin 5-HT3 receptor antagonist that has
revolutionized the management of nausea and vomiting associated with various medical
conditions and treatments. Since its introduction into clinical practice in the early 1990s,
ondansetron has become one of the most widely prescribed antiemetic agents globally,
demonstrating excellent efficacy and a favorable safety profile. The drug represents a significant
advancement in antiemetic therapy, offering superior efficacy compared to older antiemetic
agents while producing fewer adverse effects, particularly extrapyramidal symptoms commonly
associated with dopamine antagonists.

2.5.1 Chemotherapy-Induced Nausea and Vomiting (CINV)

Ondansetron is highly effective in preventing and treating nausea and vomiting associated with
both highly emetogenic and moderately emetogenic chemotherapy regimens. It is particularly
valuable for preventing acute emesis occurring within the first 24 hours after chemotherapy
administration. The drug is often used in combination with other antiemetics, such as
corticosteroids and NK1 receptor antagonists, for optimal control of CINV.

LITERATUREREVIEW

3.1 Introduction

The development of oral fast dissolving films has gained significant momentum in
pharmaceutical research over the past two decades. This chapter presents a comprehensive
review of the literature pertaining to oral fast dissolving film technology, formulation strategies,
evaluation methodologies, and specific applications for ondansetron and other antiemetic agents.
The review encompasses studies on polymer selection, manufacturing techniques,
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characterization methods, and clinical applications, providing a foundation for the present
research work.

3.2 Evolution and Development of Oral Fast Dissolving Films

The concept of oral fast dissolving drug delivery systems emerged as a response to the
limitations of conventional solid dosage forms. Dixit and Puthli conducted pioneering work in
reviewing oral strip technology, highlighting its potential to revolutionize drug delivery for
patients with swallowing difficulties [31]. Their comprehensive analysis demonstrated that fast-
dissolving films could provide rapid drug delivery while maintaining the stability advantages of
solid dosage forms. This seminal work established the foundation for subsequent research in this
field.

3.3 Polymer Selection and Characterization Studies

The selection of appropriate film-forming polymers is crucial for the success of oral fast
dissolving film formulations. Malipeddi et al. investigated the influence of formulation and
process variables on rapidly disintegrating films [34]. Their factorial design study evaluated
various polymers including hydroxypropyl methylcellulose (HPMC), polyvinyl alcohol (PVA),
and sodium alginate in combination with different plasticizers. The results demonstrated that
HPMC E15 provided optimal film-forming properties with good mechanical strength and rapid
disintegration times. The study also revealed that glycerin as a plasticizer at 20-30%
concentration produced flexible films without excessive tackiness.

3.4 Plasticizers and Their Role in Film Formation

Cilurzo et al. performed extensive work on the role of plasticizers in polymeric films for oral
drug delivery [37]. Their research demonstrated that the type and concentration of plasticizer
significantly affected film flexibility, tensile strength, and brittleness. The study compared
various plasticizers including propylene glycol, polyethylene glycol 400, glycerin, and triacetin.
Results indicated that glycerin and propylene glycol provided superior plasticization for most
polymers at concentrations between 20-40% of polymer weight. The authors established that
excessive plasticizer concentration led to sticky films with poor mechanical integrity, while
insufficient amounts resulted in brittle films prone to cracking.

Repka et al. investigated the influence of plasticizers and drugs on the physical-mechanical
properties of hydroxypropylcellulose films [38]. Their research employed texture analysis to
quantitatively assess film properties and established optimal plasticizer concentrations for
different HPC grades. The study demonstrated that plasticizer efficiency varied with polymer
molecular weight and that drug incorporation could significantly alter the required plasticizer
concentration. This work provided valuable guidance for formulation optimization in film
development.

3.5 Manufacturing Technologies and Process Optimization

Hoffmann et al. provided comprehensive insights into the manufacturing of orodispersible films
by solvent casting [39]. Their research detailed critical process parameters including casting
thickness, drying temperature, drying time, and substrate selection. The study revealed that
controlled drying conditions were essential for producing uniform films with consistent thickness

EISSN 1303-5150 @ www.neuroquantology.com

444


http://www.neuroquantology.com/

Neuroquantology |Apr 2026 | Volume 24 | Issue 4 | Page 441-450]| Doi: 10.48047/nq.2026.24.4.NQ26043
Kunuku Ramya Sree,, Formulation and Evaluation of Oral Fast Dissolving Films of Ondansetron

and drug content. Rapid drying at high temperatures led to surface crystallization and uneven
drug distribution, while very slow drying increased the risk of microbial contamination and
reduced manufacturing efficiency. The authors recommended multi-stage drying protocols with
gradually increasing temperatures.

3.6 Formulation and Evaluation of Ondansetron Fast Dissolving Films

Garsuch and Breitkreutz pioneered work specifically on ondansetron in oral fast dissolving films
[42]. Their research focused on developing pediatric-appropriate formulations with adequate
taste masking and rapid disintegration. The study employed ion-exchange resins and
cyclodextrins for taste masking, achieving significant reduction in bitter taste perception. The
optimized formulation demonstrated disintegration times below 30 seconds and maintained
ondansetron stability over six months under accelerated conditions. This work established the
feasibility of ondansetron films for clinical applications.

Patel et al. formulated and evaluated ondansetron hydrochloride mouth dissolving films using
HPMC E15 and E5 as film-forming polymers [43]. Their factorial design study optimized
polymer concentration, plasticizer level, and superdisintegrant addition. The research
demonstrated that HPMC E5 provided faster disintegration than E15 due to lower viscosity, but
E15 offered better mechanical strength. The optimal formulation contained 2.5% HPMC E15,
25% glycerin as plasticizer, and 2% crospovidone as superdisintegrant, achieving disintegration
in 28 seconds with tensile strength of 2.3 MPa.

Methodology

4.2 Aim

The primary aim of this research work is to formulate, optimize, and comprehensively evaluate
oral fast dissolving films of ondansetron hydrochloride that demonstrate rapid disintegration,
adequate mechanical strength, pleasant organoleptic properties, and satisfactory stability profile
for effective management of nausea and vomiting.

RESULTS

6.2.1 Organoleptic Properties

The organoleptic characteristics of ondansetron hydrochloride were evaluated and the results are
presented in Table 6.1.

6.2.2 Melting Point Determination

The melting point of ondansetron hydrochloride was determined using capillary melting point
apparatus and found to be 248-252°C, which is consistent with reported literature values,
indicating the purity and authenticity of the drug sample.

6.2.3 Solubility Studies
The solubility of ondansetron hydrochloride was evaluated in various solvents, and the results
are summarized in Table 6.2.

Table 6.2: Solubility Profile of Ondansetron Hydrochloride

Solvent Solubility Observation

Distilled Water Freely soluble > 100 mg/mL
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Phosphate Buffer pH 6.8 Freely soluble > 100 mg/mL
Phosphate Buffer pH 7.4 Freely soluble > 95 mg/mL
Simulated Salivary Fluid pH 6.8 | Freely soluble > 90 mg/mL
Methanol Soluble 35-45 mg/mL
Ethanol Sparingly soluble | 12-18 mg/mL
Chloroform Slightly soluble | 2-5 mg/mL
Acetone Slightly soluble | 3-6 mg/mL

6.2.4 Determination of Amax and Calibration Curve

The UV absorption spectrum of ondansetron hydrochloride in phosphate buffer pH 6.8 was
scanned between 200-400 nm. The wavelength of maximum absorption (Amax) was found to be
310 nm, which was used for all subsequent analytical determinations.

Standard calibration curves were prepared in phosphate buffer pH 6.8 and simulated salivary
fluid pH 6.8. The results are presented in Table 6.3.

Table 6.3: Calibration Curve Data for Ondansetron Hydrochloride

Concentration | Absorbance at 310 nm | Absorbance at 310 nm
(ng/mL) (PBS pH 6.8) (SSF pH 6.8)

0 0.000 0.000

2 0.089 0.087

4 0.178 0.175

6 0.268 0.263

8 0.356 0.351

10 0.445 0.439

12 0.534 0.527

Regression Equation (PBS pH 6.8): y = 0.0445x + 0.0005 (Rz = 0.9998) Regression Equation
(SSF pH 6.8): y = 0.0439x + 0.0008 (R% = 0.9997)

The high values of correlation coefficients (R? > 0.999) indicate excellent linearity of the
method.

6.2.5 Drug-Excipient Compatibility Studies

6.2.5.1 FTIR Spectroscopy

FTIR spectra of pure ondansetron hydrochloride, individual polymers, physical mixtures, and
formulated films were obtained. The characteristic peaks of ondansetron were preserved in all
mixtures, indicating absence of chemical interaction between drug and excipients.

Table 6.4: FTIR Peaks of Ondansetron Hydrochloride and Compatibility

Functional Group Pure Physical Formulated
Drug (cm™) | Mixture (cm™) | Film (cm™)

N-H Stretching 3412 3408 3410

C-H Stretching (Aromatic) | 3056 3054 3055

EISSN 1303-5150 www.neuroquantology.com

@

446


http://www.neuroquantology.com/

Neuroquantology |Apr 2026 | Volume 24 | Issue 4 | Page 441-450]| Doi: 10.48047/nq.2026.24.4.NQ26043
Kunuku Ramya Sree,, Formulation and Evaluation of Oral Fast Dissolving Films of Ondansetron

C=0 Stretching 1672 1670 1671
C=C Aromatic Stretching | 1598 1596 1597
C-N Stretching 1285 1283 1284
C-O Stretching 1145 1143 1144

The FTIR analysis confirmed the absence of significant interactions between ondansetron
hydrochloride and the excipients used in the formulation.

6.3 Formulation Development
6.3.2 Plasticizer Screening
Different plasticizers were evaluated at 30% concentration (based on polymer weight), and

results are shown in Table 6.6.

Table 6.6: Plasticizer Screening Results

Plasticizer Film Flexibility | Tensile Strength | Tackiness | Overall Rating
Glycerin Excellent Good Minimal | Excellent
Propylene Glycol | Very Good Good Moderate | Good

PEG 400 Good Moderate High Moderate
Sorbitol Good Good Minimal | Good

Glycerin was selected as the plasticizer of choice due to its excellent flexibility impartation,
minimal tackiness, and good compatibility with selected polymers.

6.3.4 Method of Preparation
All formulations were prepared by the solvent casting method using the following standardized
procedure:

1. The required amount of polymer was accurately weighed and dispersed in 70% of the
total distilled water with continuous stirring on a magnetic stirrer for 2-3 hours at room
temperature to ensure complete hydration.

Ondansetron hydrochloride was dissolved in remaining distilled water and mixed
thoroughly.

The drug solution was added to the polymer solution with continuous stirring.

Glycerin (plasticizer) was added slowly with stirring and mixed for 30 minutes.
Aspartame, citric acid, and strawberry flavor were added and mixed for 15 minutes.

The resulting solution was allowed to stand for 2 hours to remove entrapped air bubbles.
Alternatively, sonication was performed for 10 minutes.

7. The solution was cast onto a glass plate (Petri dish of 15 cm diameter) placed on a
leveled surface.

Drying was performed in a hot air oven at 50°C for 4-5 hours.

9. The dried film was carefully peeled off, cut into 2 cm x 2 cm (4 cm?) patches containing

8 mg ondansetron, and stored in aluminum laminated pouches with desiccant.

N

ok

©

6.4.5 Drug Content Uniformity
Drug content was determined by dissolving individual film units in phosphate buffer pH 6.8 and
analyzing by UV spectrophotometry at 310 nm. The results are presented in Table 6.12.

@
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Table 6.12: Drug Content Uniformity of Formulated Films

Formulation | Drug Content (%) = SD | % RSD | Acceptance
F1 98.4+2.38 2.85 Pass
F2 99.2+25 2.52 Pass
F3 100.1 + 2.3 2.30 Pass
F4 99.8+2.6 2.60 Pass
F5 97.8+3.1 3.17 Pass
F6 98.6 £ 2.7 2.74 Pass
F7 99.5+24 2.41 Pass
F8 100.3+ 2.5 2.49 Pass
F9 99.1+2.6 2.62 Pass
F10 99.7+2.4 2.41 Pass
F11 100.2 + 2.3 2.30 Pass
F12 99.9+25 2.50 Pass

All formulations showed drug content within the acceptable range of 95-105% with low % RSD
values (<5%), indicating excellent content uniformity.
Table 6.16: Stability Study Data for Optimized Formulation F10

Parameter Initial 1 Month |2 Months|3 Months|6 Months
(40°C) (40°C) (40°C) (25°C)

Physical Pale pink, | No change | No change | No change | No change
Appearance transparent,

smooth
Thickness (pm) 94.7+3.2 95.1+33 (954+34 |958+35 |952+3.3
Drug Content (%) | 99.7+2.4 99.2+25 [988+26 |984+£27 [99.1+25
Disintegration 254+22 268+23 (275+24 |282+25 |265+23
Time (sec)
Tensile  Strength | 2.68 £ 0.17 2.62 +1258+0.18 |254+0.19 | 2.64+0.17
(MPa) 0.18
% Drug Release at | 99.4 98.8 98.2 97.8 98.9
5 min
Moisture Content | 4.85 +0.27 5.12 +1538+0.31 |564+0.33 |5.08+0.28
(%) 0.29

The stability study results indicated that the optimized formulation F10 remained stable with
minimal changes in physical appearance, drug content, disintegration time, and dissolution
profile under both accelerated and long-term storage conditions.

CONCLUSION

The successful completion of this research work demonstrates that ondansetron can be
effectively formulated as oral fast dissolving films with superior characteristics compared to
conventional dosage forms. The optimized formulation (F10) represents a significant
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advancement in antiemetic drug delivery, offering rapid disintegration, fast drug release,
adequate mechanical strength, and excellent stability. The comprehensive characterization and
evaluation conducted in this study provide a solid foundation for further development and
potential commercialization of this patient-centric formulation.

The oral fast dissolving film technology, as demonstrated through this work, holds immense
potential for improving medication delivery for drugs requiring rapid onset of action and for
patient populations with special needs. The methodology and findings presented in this thesis
contribute valuable knowledge to the field of pharmaceutical sciences and may inspire similar
innovations in drug delivery systems for other therapeutic categories.

In conclusion, this research successfully achieved its aim of formulating and evaluating oral fast
dissolving films of ondansetron hydrochloride, thereby providing a viable, patient-friendly
alternative to conventional solid dosage forms with potential for improved therapeutic outcomes
and patient quality of life.
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