Snehal Chavan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 85-100| Research

INTERNATIONAL JOURNAL OF -

PHARMACEUTICAL SCIENCES  pgN 7| ACCESS
[ISSN: 0975-4725; CODEN(USA): 1JPS00] \
Journal Homepage: https://www.ijpsjournal.com

Research Paper

Formulation And Evaluation of Taste-Masked Vitamin B12 Oral
Dispersible Film Using Natural Polymer to Enhance Patient Compliance
in Diabetic Neuropathy

Snehal Chavan*, Sachin Shinde

Kalyani Charitable Trust's, R.G Sapkal College of Pharmacy, Sapkal Knowledge Hub, Kalyani Hills, Anjaneri,
Trimbakeshwar Rd, Nashik 422213, Maharashtra, India.

ARTICLE INFO ABSTRACT
Published: 01 Aug 2026
Keywords:

Vitamin B12; Oral
Dispersible Film; Pullulan;
Taste Masking; Solvent
Casting; Quality by Design;

Diabetic neuropathy is one of the most common chronic complications of d iabetes
mellitus and is frequently associated with vitamin B12 deficiency, particularly in
patients undergoing prolonged metformin therapy.Conventional dosage forms such as
tablets and capsules often present swallowing difficulties, delayed onset of action, and
reduced patient compliance, especially among geriatric, pediatric, and dysphagic
patients. Oral dispersible films (ODFs) have emerged as an innovative drug delivery

PDl?.be‘ilcCNeurlgpathy; system capable of improving patient convenience, rapid drug release, and enhanced
Di)lf-n omplance bioavailability.The present study aimed to formulate and evaluate a taste-masked

Vitamin B12 oral dispersible film using the natural polymer Pullulan to improve patient
compliance and provide rapid drug release for the management of diabetic
neuropathy.Vitamin B12 oral dispersible films were prepared using the solvent casting
technique. Pullulan was employed as the primary film-forming polymer, while glycerol
served as the plasticizer. Citric acid acted as the saliva-stimulating agent, and sodium
saccharin was incorporated for taste masking. Preformulation studies including
organoleptic evaluation, melting point determination, UV-visible spectrophotometry,
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FTIR compatibility analysis, and solubility studies were performed before formulation
development. Optimization of the formulation was carried out using a factorial design
approach. Prepared films were evaluated for physical appearance, thickness, folding
endurance, surface pH, weight variation, drug content uniformity, moisture content,
disintegration time, and in-vitro drug release. Accelerated stability studies were
conducted to determine formulation stability. The optimized oral dispersible film
exhibited satisfactory physicochemical properties, excellent flexibility, acceptable
surface pH. rapid disintegration. high drug content uniformity. and efficient in-vitro
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drug release. Accelerated stability studies were conducted to
determine  formulation stability.The optimized oral
dispersible film exhibited satisfactory physicochemical
properties, excellent flexibility, acceptable surface pH, rapid
disintegration, high drug content uniformity, and efficient in-
vitro drug release. FTIR studies confirmed the absence of
significant ~ drug—excipient  interactions. Statistical
optimization demonstrated that polymer and plasticizer
concentrations significantly influenced disintegration time
and drug release. Stability studies indicated that the
optimized formulation maintained its physicochemical
characteristics throughout the study period.The developed
taste-masked Vitamin B12 oral dispersible film
demonstrated excellent pharmaceutical performance and
patient-friendly
considerable potential as an alternative dosage form for
diabetic neuropathy patients experiencing swallowing
difficulties and may contribute to improved therapeutic
compliance.

characteristics. The formulation has

INTRODUCTION

Diabetic neuropathy is one of the most prevalent
chronic microvascular complications associated
with diabetes mellitus and affects millions of
patients worldwide. It is characterized by
progressive damage to peripheral nerves resulting
in pain, numbness, tingling sensation, muscle
weakness, and impaired sensory function. Long-
term administration of metformin, one of the most
widely prescribed antidiabetic drugs, has been
associated with Vitamin B12 deficiency, which
may further aggravate neurological complications.
Consequently, Vitamin B12 supplementation has
become an important therapeutic strategy for
preventing and managing diabetic neuropathy.
Vitamin B12 (cyanocobalamin) is an essential
water-soluble vitamin involved in DNA synthesis,
erythropoiesis, and normal neurological function.
Deficiency of Vitamin BI12 results in
megaloblastic anemia,

cognitive impairment, peripheral neuropathy, and
irreversible nerve damage if left untreated.
Conventional dosage forms including tablets,
capsules, and injections are routinely employed for
Vitamin B12 supplementation. However, these
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dosage forms present several disadvantages
including poor patient compliance, swallowing
difficulties, delayed onset of therapeutic action,
and discomfort associated with repeated
injections. These limitations are particularly
significant among elderly patients, pediatric
populations, bedridden individuals, and patients
suffering from dysphagia.

Oral dispersible films (ODFs) have recently
emerged as an advanced oral drug delivery system
capable of limitations
associated with conventional dosage forms. These
films are thin, flexible polymeric strips designed to

overcoming many

rapidly disintegrate upon contact with saliva
without requiring water. The drug is released
immediately and may be absorbed through the oral
mucosa, providing rapid therapeutic action while
partially bypassing hepatic first-pass metabolism.
ODFs improve patient convenience, portability,
dosing accuracy, and overall treatment adherence.
Their characteristics make them
particularly pediatric,
psychiatric, and dysphagic patients.
Compared with oral disintegrating tablets, oral
dispersible films possess several advantages,
including  faster  disintegration, improved
flexibility, lower choking risk, superior patient
acceptability, and  easier = administration.
Additionally, ODFs offer excellent opportunities
for taste masking, which is particularly beneficial
for drugs possessing unpleasant taste
characteristics. These properties have contributed
to increasing research interest in oral film
technology for both synthetic drugs and
nutraceuticals.

The successful development of oral dispersible
films depends largely on the appropriate selection
of formulation components. Film-forming

unique

suitable for geriatric,

polymers determine the mechanical strength and
dissolution behavior of the dosage form, while
plasticizers improve flexibility and prevent
brittleness. Sweeteners, saliva-stimulating agents,
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surfactants, flavoring agents, and stabilizers
further enhance patient acceptability and
formulation performance. Among the available
natural polymers, Pullulan has attracted
considerable attention owing to its excellent film-
forming  ability, high solubility,
transparency, biocompatibility, non-toxicity, and
rapid dissolution characteristics. Glycerol is
commonly employed as a plasticizer because it
imparts flexibility and improves mechanical
integrity, whereas citric acid promotes salivary
secretion and sodium saccharin effectively masks

the unpleasant taste of Vitamin B12.

water

Quality by Design (QbD) has become an integral
component of modern pharmaceutical product
development. Rather than relying solely on end-
product testing, the QbD approach emphasizes
systematic understanding of formulation variables,
process parameters, and critical quality attributes
to achieve robust pharmaceutical products with
consistent performance. Statistical experimental
designs facilitate optimization of formulation
variables minimizing  experimental
variability and improving  manufacturing
reproducibility. Integration of QbD principles into
oral dispersible film development enhances
product quality, regulatory compliance, and
manufacturing efficiency.

Taste masking remains one of the most critical
aspects of oral dispersible film development

while

because the dosage form disintegrates directly
within the oral cavity. Unpleasant drug taste
frequently  reduces  patient = compliance,
particularly among children and elderly patients.
Incorporation of sweeteners together with
optimized formulation strategies effectively
minimizes bitterness while maintaining rapid drug
release and acceptable mouthfeel.

The solvent casting technique is the most widely
employed manufacturing method for oral
dispersible films due to its simplicity,
reproducibility, and ability to produce thin,
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with excellent mechanical
properties. In this process, the polymer solution
containing the active pharmaceutical ingredient
and excipients

1s cast onto a suitable surface and dried under

uniform films

controlled conditions before cutting into
individual dosage units. This technique ensures
excellent drug content uniformity and

reproducible film characteristics.

The present investigation was therefore designed
to formulate a taste-masked Vitamin B12 oral
dispersible film using Pullulan as a natural film-
forming polymer and glycerol as the plasticizer
through the
formulation was

solvent casting method. The
optimized using
experimental  design comprehensively
evaluated for physicochemical characteristics,
drug content, disintegration behavior, mechanical
properties, in-vitro drug release, and accelerated
stability. The developed formulation is intended to

provide an effective, patient-friendly, and rapidly

statistical
and

dissolving dosage form capable of improving
therapeutic ~ compliance =~ among  diabetic
neuropathy patients requiring long-term Vitamin
B12 supplementation.

2. MATERIALS AND METHODS

2.1  MATERIALS

Cyanocobalamin (Vitamin B12) was used as the
active pharmaceutical ingredient (API). Pullulan
was selected as the natural film-forming polymer
owing to its excellent film-forming capability,
rapid dissolution, and biocompatibility. Glycerol
served as the plasticizer to impart flexibility to the
films, while citric acid monohydrate was
incorporated as a saliva-stimulating agent. Sodium
saccharin was used as the sweetening and taste-
masking agent. Distilled water was employed as
the solvent for film preparation. All chemicals and
reagents used during the study were of analytical
grade.
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2.2  EQUIPMENT

The experimental work was performed using
standard pharmaceutical laboratory equipment,
including:

* UV-Visible Spectrophotometer

*  FTIR Spectrophotometer

» Digital Analytical Balance

*  Magnetic Stirrer

*  pH Meter

*  Hot Air Oven

*  Vernier Caliper

*  Digital Micrometer

*  Desiccator

* Dissolution Test Apparatus

*  Magnetic Stirrer with Hot Plate

*  Glass Petri Plates

* Digital Stopwatch

The instruments were calibrated before use
according to standard laboratory procedures.

2.3  DRUG PROFILE

Vitamin B12 (Cyanocobalamin) is a water-soluble
vitamin belonging to the cobalamin family. It
plays a crucial role in DNA synthesis,
erythropoiesis, neurological function, and cellular
metabolism. Vitamin B12 deficiency is commonly
associated with diabetic neuropathy, particularly
among patients receiving long-term metformin
therapy. Due to its poor palatability and the need
for long-term supplementation, Vitamin B12 was
selected as a suitable candidate for oral dispersible
film formulation.

24  EXCIPIENTS Pullulan

Pullulan is a naturally occurring polysaccharide
produced by Aureobasidium pullulans. It
possesses excellent film-forming ability, high
transparency, rapid hydration, non-toxicity, and
superior mechanical properties, making it an ideal
polymer for oral dispersible films.

Glycerol
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Glycerol was used as the plasticizer because it
improves elasticity, flexibility, folding endurance,
and mechanical strength while preventing film
brittleness.

Citric Acid

Citric acid acts as a saliva-stimulating agent by
promoting salivary secretion, thereby facilitating
rapid film disintegration and faster drug release.
Sodium Saccharin

Sodium saccharin was incorporated to improve
palatability by masking the bitter taste of Vitamin
B12, thereby enhancing patient acceptability.
These excipients were selected based on their
compatibility with the active pharmaceutical
ingredient and their suitability for oral film
formulations.

2.5  Experimental Design

A 32 full factorial design was employed for
formulation optimization. The design was used to
evaluate the influence of two independent
formulation variables on the critical quality
attributes of the oral dispersible film.

Independent Variables

Xi: Concentration of Pullulan X>: Concentration of
Glycerol Dependent Variables

Y:: Disintegration Time

Y2: Percentage Drug Release

Design-Expert® software utilized for
statistical analysis, generation of response surface
plots, contour plots, desirability functions, and

was

optimization of formulation variables.
2.6 PREFORMULATION STUDIES

2.6.1 ORGANOLEPTIC EVALUATION
Vitamin B12 was evaluated for its physical
appearance, colour, odour, and texture by visual
inspection. Design Matrix (9 Runs)
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Run/F.Code | X1 (Coded) X2 (Coded) Pullulan (% Glycerol (%

w/V) W/W)
F1 -1 -1 2.0 15.0
F2 0 -1 3.0 15.0
F3 1 -1 4.0 15.0
F4 -1 0 2.0 20.0
F5 0 0 3.0 20.0
Fo6 1 0 4.0 20.0
F7 -1 1 2.0 25.0
F8 0 1 3.0 25.0
F9 1 1 4.0 25.0

Table : Composition of Cyanocobalamine Oral Dispersible Film.

Sr.no Ingredient Category Quantity
1 cyanocobalamin API 1000 pg
2 pollulan Film-forming polymer 90 mg
3 Croscarmellose sodium superdisintegrant 5mg
4 glycerin plasticizer 18 mg
5 Citric acid Saliva stimulating agent 3 mg
6 Distilled water solvent q.s

2.6.2 Melting Point Determination

The melting point of Vitamin B12 was determined
using the capillary tube method to confirm its
identity and purity.

2.6.3 UV-Visible
Analysis

A stock solution of Vitamin B12 was prepared
using phosphate buffer (pH 6.8). Appropriate
dilutions were prepared, and absorbance values
were  measured using a  UV-Visible
spectrophotometer at  the  predetermined
wavelength. A calibration curve was constructed
by plotting absorbance against concentration.

Spectrophotometric

2.6.4 Fourier Transform Infrared (FTIR)
Study

FTIR spectroscopy was carried out to investigate
the compatibility between Vitamin B12 and the
selected excipients. Spectra of the pure drug and
physical mixtures were recorded over the specified
scanning range, and characteristic functional

3 ) INTERNATIONAL JOURNAL OF PHARMAGELTICAL SCIENCES

group peaks were compared to identify any
possible chemical interactions.

2.6.5 Solubility Study

The solubility profile of Vitamin B12 was
evaluated in different solvents to determine the
most suitable solvent system for formulation
development.

2.7
The oral dispersible films were prepared using the
solvent casting technique.

Initially, Pullulan was accurately weighed and
dissolved in distilled water under continuous
magnetic stirring until a clear polymeric solution
was obtained. Glycerol was then incorporated as a
plasticizer followed by the addition of citric acid
and sodium saccharin. Vitamin B12 was dissolved
separately and gradually incorporated into the

Preparation of Oral Dispersible Film

polymeric solution with continuous stirring to
obtain a homogeneous casting solution.
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The prepared solution was allowed to stand for
sufficient time to remove entrapped air bubbles
before being poured into clean glass Petri dishes.
The solution was uniformly spread to obtain films
of consistent thickness and dried under controlled
conditions. After complete drying, the films were
carefully peeled from the casting surface and cut
into uniform strips of predetermined dimensions.
The prepared films were stored in airtight
containers until further evaluation.

2.8  Evaluation of Oral Dispersible Films
The prepared formulations were subjected to
comprehensive standard

evaluation  using

pharmaceutical testing procedures.

2.8.1 Physical Appearance

Films were visually examined for colour,
transparency, smoothness, flexibility, and the
presence of air bubbles or cracks.

2.8.2 Thickness

Film thickness was measured at different positions
using a digital micrometer, and the mean value
was recorded.

2.8.3 Weight Variation

Individual film strips were accurately weighed
using an analytical balance to determine
uniformity.

2.8.4 Folding Endurance
Folding endurance was determined by repeatedly
folding the film at the same location until visible
cracks appeared. The number of folds required to
break the film was recorded.

2.8.5 Surface pH

The surface pH of hydrated films was measured
using a calibrated digital pH meter to ensure
compatibility with the oral mucosa.

2.8.6 Drug Content Uniformity

S
!

AT

QP INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

v

\
.
=

Each film was dissolved in phosphate buffer (pH
6.8), filtered, and analyzed using UV spectroscopy
to determine the percentage drug content.

2.8.7 Moisture Content

Moisture content was determined by measuring
the weight loss of films after drying under
specified conditions.

2.8.8 Disintegration Time

The disintegration time of each film was
determined by placing the film in phosphate buffer
(pH 6.8) maintained at physiological temperature.
The time required for complete disintegration was
recorded.

2.8.9 In-vitro Drug Release Study

Drug release studies were performed using
phosphate buffer (pH 6.8) as the dissolution
medium maintained at 37 = 0.5°C. Samples were
withdrawn at predetermined intervals and
analyzed spectrophotometrically. The cumulative
percentage drug release was calculated and plotted
against time.

2.9 Optimization of Formulation

Response Surface Methodology (RSM) was used
to optimize the formulation based on
disintegration time and percentage drug release.
Polynomial equations, contour plots, three-
dimensional response surface plots, perturbation
plots, and desirability functions were generated to
identify the optimized formulation with the desired
pharmaceutical characteristics.

2.10  Accelerated Stability Study

The optimized oral dispersible film was subjected
to accelerated stability studies according to ICH
guidelines. The formulation was stored under
accelerated conditions for three months and
periodically evaluated for:

. Physical appearance

. Surface pH
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. Drug content

. Folding endurance

. Moisture content

. Disintegration time
. In-vitro drug release

The stability data were compared with initial
values to assess the physicochemical stability of
the optimized formulation.

2.11 Statistical Analysis

Experimental data obtained during formulation
optimization were analyzed using Design-Expert®
software. Analysis of Variance (ANOVA) was
performed to determine the significance of
formulation variables.

Statistical significance was considered at p <0.05.
Regression coefficients, response surface plots,
contour plots, desirability plots, and optimization
parameters were generated to validate the

mathematical model and identify the optimized
formulation.

3. Results

3.1 Preformulation Studies

Preformulation studies were carried out to
characterize Vitamin B12
suitability for oral dispersible film formulation.
The organoleptic properties, melting point, UV
spectrophotometric analysis, FTIR compatibility
studies, and solubility profile confirmed that the
drug possessed the desired physicochemical
characteristics  required  for  formulation
development.

3.1.1 Organoleptic Properties

Vitamin B12 was examined visually for its
appearance, colour, odour, and physical nature.

and to assess its

Table 1. Organoleptic characteristics of Vitamin B12

Parameter

Observation

Colour

Characteristic red

Appearance

Fine crystalline powder

Odour

Odourless

Nature

Free-flowing powder

The organoleptic properties were consistent with
the standard characteristics of cyanocobalamin

Tabel: Experimental results of the 32 full factorial design (n = 3; Mean +

and indicated the suitability of the drug for
formulation.

SD).

F. Code | Pullulan (%) | Glycerol (%) Y1: DT (sec, Y2: %Release

Mean£SD) (MeanzSD)
F1 2.0 15.0 23.67+£0.96 93.39 +£0.58
F2 3.0 15.0 25.82+1.21 92.71 £1.05
F3 4.0 15.0 32.96 £ 1.27 88.14 +£0.85
F4 2.0 20.0 24.74 £ 0.84 93.12+£0.60
F5 3.0 20.0 27.87+£1.29 91.55+0.90
Fé6 4.0 20.0 36.17+0.94 86.64 +0.53

ron Ry
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F7 2.0 25.0 27.27+0.85 92.54+1.23
F8 3.0 25.0 32.52+£1.56 88.79+0.71
F9 4.0 25.0 41.74+ 1.57 82.76 £ 1.03
F5(R2) 3.0 20.0 2830+ 1.45 92.46 +0.75
F5(R3) 3.0 20.0 27.75+1.04 91.70 £ 0.92

3.1.2 Melting Point

The melting point of Vitamin B12 was determined
using the capillary tube method.

Table 2. Melting point of Vitamin B12

Parameter

Observation

Melting Point

Found within the reported pharmacopoeial range

The observed melting point confirmed the identity
and purity of the drug sample.

3.1.3 UV-Visible
Analysis

Vitamin B12 exhibited a well-defined absorption
maximum in phosphate buffer (pH 6.8). A

Spectrophotometric

2.4
2.2
2.0
.8
1.6

14

Absorbance

1.0 4

::; X [

0.0 o~ e

0.2

0.8 !l'ul.u....»- Ml mn
: \ | Absorbance =~ 0.2282 |

calibration curve demonstrated excellent linearity
over the selected concentration range.
The regression coefficient (R?)
satisfactory linearity, confirming the suitability of
the analytical method for quantitative estimation
of drug content during formulation evaluation.

indicated

240 %0 20 A0 400 440

4580 20 “oh 600 640 6X0

Wavelength (nm)

Figure : UV-Visible Spectrum of Cyanocobalamin (Vitamin B12) (100 pg/mL) in Phosphate Buffer pH 6.8
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Linearity of Vitamin B-12

y = 460.26x - 0.1381
R? =0.9997
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Fig : Calibration curve of Vitamin B12 in Phosphate buffer 6.8 pH

Table : Calibration curve of cyanocobalamine in phosphate buffer 6.8 pH

Sr.no Concentration (ug/mL) Area at 361 nm
1 2.0 0.0048
2 4.0 0.0088
3 6.0 0.0133
4 8.0 0.0177
5 10.0 0.0221
Table : Observation
Parameter Value
Amax 361nm
Slop 460.26
Intercept 0.1381
Correlation coefficient 0.9997
-:h.(o:g-n
’lm . =
o i N —
«l Nl % L YO /
\, S 2923 1633 / [ \ \
‘ y
g o0 LRI ’ \
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Fig : IR Spectra of Vitamin B12

3.1.4 FTIR Compatibility Study
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FTIR spectra of pure Vitamin B12 and the
optimized formulation showed the retention of
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characteristic functional group peaks without
significant shifts or disappearance.

These observations confirmed the absence of any
significant chemical interaction between Vitamin
B12 and the selected excipients.

PO B A BONTYY R

DRUGS + EXC li“i NIS

Fig : Overlay IR spectra of Drug and physical mixture

3.1.5 Solubility Study

Vitamin B12 exhibited satisfactory solubility in
the selected solvent system employed for
formulation development.

The observed solubility profile supported the use
of the solvent casting method for preparing oral
dispersible films.

3.2 Optimization of Oral Dispersible Film
A 3? factorial design was used to optimize the
concentrations of Pullulan and glycerol.

The independent variables significantly influenced
the critical quality attributes of the formulation,
particularly disintegration time and percentage
drug release.

Nine formulations were prepared and analyzed
using Design-Expert® software. Statistical
optimization identified an optimized formulation
with desirable pharmaceutical characteristics.

v
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3.3  ANOVA Analysis
Analysis of variance demonstrated that the
selected quadratic model was statistically
significant for both responses.

The generated mathematical model adequately
predicted the influence of formulation variables on
disintegration time and drug release.

Response surface plots and contour plots
confirmed the interaction between Pullulan
concentration and glycerol concentration.

The optimized formulation exhibited maximum
desirability and fulfilled all

optimization criteria.

predefined

3.4  Evaluation of Oral Dispersible Films

Prepared films were evaluated for their
physicochemical properties.
3.4.1 Physical Appearance
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The prepared films were transparent, smooth,
flexible, and free from visible cracks or air
bubbles. The films exhibited uniform thickness
and excellent film integrity, indicating successful
formulation by the solvent casting technique.

3.4.2 Thickness

All formulations exhibited uniform thickness with
minimal variation, demonstrating uniform casting
and drying of the polymeric solution.

3.4.3 Weight Variation

Individual film strips showed negligible variation
in weight, indicating uniform distribution of the
casting solution during preparation.

3.4.4 Folding Endurance

The films exhibited excellent flexibility and
mechanical strength.

High folding endurance values indicated that
incorporation of glycerol effectively prevented
brittleness and improved elasticity.

3.4.5 Surface pH

The surface pH of the optimized formulation
remained close to neutral.

This minimizes the possibility of irritation
following application to the oral mucosa and
improves patient acceptability.

3.4.6 Drug Content Uniformity

Drug content analysis demonstrated uniform
distribution of Vitamin BI12 throughout the
polymer matrix. The percentage drug content was
found to be within acceptable pharmacopoeial
limits, confirming excellent content uniformity.

3.4.7 Moisture Content

The optimized formulation exhibited low moisture
content.

Low residual moisture contributes to improved
mechanical stability and prolonged shelf life of
oral dispersible films.
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3.4.8 Disintegration Time
Rapid disintegration was
optimized formulation.

The film completely disintegrated within the
desired time, confirming its suitability as a fast

observed for the

dissolving oral dosage form.
Pullulan concentration significantly influenced the
disintegration behavior.

3.4.9 In-vitro Drug Release

The optimized formulation exhibited rapid and
efficient drug release in phosphate buffer (pH 6.8).
A high cumulative percentage drug release was
achieved within the study period.

Rapid hydration of Pullulan and efficient wetting
produced by glycerol and citric acid contributed to
the observed release profile.

These findings indicate that the developed oral
dispersible film can provide rapid therapeutic
availability of Vitamin B12  following
administration.

3.5 Optimization by Surface
Methodology

Response surface methodology demonstrated that:
. Increasing Pullulan concentration
increased  film  strength  but  prolonged
disintegration time.

. Increasing glycerol concentration
enhanced flexibility and improved drug release.

. Appropriate optimization of both variables

produced films possessing desirable mechanical

Response

properties together with rapid drug release.

The optimized formulation was selected on the
basis of maximum desirability obtained using
Design-Expert® software.

3.6  Validation of Optimized Formulation
The optimized formulation prepared
independently to validate the mathematical model.

was

Experimental values closely matched the predicted
responses generated by the optimization software,
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confirming the reliability of the factorial design
model.

The percentage prediction error remained within
acceptable limits, indicating excellent agreement
between predicted and observed values.

3.7 Accelerated Stability Study

The optimized formulation was subjected to
accelerated stability testing for three months. The
following parameters were evaluated periodically:
»  Physical appearance

*  Surface pH

*  Drug content

*  Folding endurance

*  Moisture content

* Disintegration time

*  In-vitro drug release

No significant changes were observed in any
evaluated parameter throughout the storage period.
The optimized formulation retained its
transparency, flexibility, drug content, rapid
disintegration characteristics, and dissolution
profile.

The stability study demonstrated that the
developed oral dispersible film remained
physically and chemically stable under accelerated
storage conditions, indicating satisfactory shelf-
life potential.

DISCUSSION

The present investigation successfully developed a
taste-masked Vitamin B12 oral dispersible film
using Pullulan as the natural film-forming polymer
through the solvent casting method. The
formulation strategy was designed to address the
limitations associated with conventional Vitamin
B12 dosage forms, particularly swallowing
difficulties, delayed onset of action, and poor
patient compliance among diabetic neuropathy
patients. The developed formulation demonstrated
desirable physicochemical characteristics, rapid
disintegration, efficient drug release, and

AEA, ]
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satisfactory stability, indicating its suitability as an
alternative oral drug delivery system.
Preformulation studies confirmed the suitability of
Vitamin B12 for formulation into oral dispersible
films. The organoleptic characteristics, melting
point, UV-visible spectrophotometric analysis,
FTIR compatibility studies, and solubility profile
were consistent with the expected properties of the
drug. FTIR analysis revealed that the characteristic
functional groups of Vitamin B2 remained
unchanged in the presence of Pullulan, glycerol,
citric acid, and sodium saccharin, indicating the
absence of significant drug—excipient interactions.
This compatibility is essential for maintaining
drug stability and ensuring consistent therapeutic
performance throughout the product shelf life.
Pullulan was selected as the primary film-forming
polymer because of its excellent water solubility,
biocompatibility, transparency, and superior film-
forming properties. The prepared films exhibited
smooth surfaces, uniform appearance, good
flexibility, and adequate mechanical strength.
These characteristics are particularly important for
handling, packaging, transportation, and patient
acceptance. The incorporation of glycerol
effectively reduced film brittleness and
significantly improved elasticity and folding
endurance. Theoptimized polymer—plasticizer
ratio produced films with sufficient mechanical
integrity while maintaining rapid hydration and
disintegration upon contact with saliva.
Optimization using a 3> full factorial design
provided a systematic approach for evaluating the
influence of Pullulan and glycerol concentrations
on critical quality attributes. Statistical analysis
demonstrated that both formulation variables
significantly affected disintegration time and
percentage drug release. Response surface
methodology, contour plots, perturbation plots,
and desirability functions facilitated identification
of an optimized formulation possessing rapid
disintegration together with maximum drug
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release. The close agreement between predicted
and experimental responses validated the
mathematical model and confirmed the reliability
of the optimization process.

The physicochemical evaluation demonstrated

that all prepared formulations possessed
acceptable pharmaceutical quality. Uniform
thickness and weight variation indicated

reproducibility of the solvent casting process.
High folding endurance values reflected excellent
flexibility imparted by glycerol, while the near-
neutral surface pH suggested good compatibility
with oral mucosal tissues and minimal risk of
irritation.  Uniform drug content confirmed
incorporation homogeneous
distribution of Vitamin B12 within the polymeric

matrix.

efficient and

CONCLUSION

The present study successfully developed a taste-
masked Vitamin B12 oral dispersible film using
Pullulan as a natural film-forming polymer
through the solvent casting technique. The
formulation strategy was designed to overcome the
limitations associated with conventional oral
dosage forms, particularly swallowing difficulties,
poor patient compliance, and delayed onset of
therapeutic action commonly encountered during
long-term Vitamin B12 supplementation in
diabetic neuropathy patients.

Preformulation studies confirmed the identity,
purity, compatibility, and suitability of Vitamin
B12 for oral dispersible film formulation. FTIR
compatibility studies demonstrated that no
significant interaction occurred between the drug
and selected excipients, indicating excellent
formulation = compatibility  throughout the
manufacturing process. The solvent casting
technique successfully produced transparent,
smooth, flexible, and mechanically stable films
with uniform thickness and drug distribution.
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Comprehensive evaluation of the optimized
formulation revealed satisfactory physicochemical
properties,  including  uniform  thickness,
acceptable  weight high folding
endurance, near-neutral surface pH, low moisture
content, and excellent drug content uniformity.
The films disintegrated rapidly and demonstrated
efficient in-vitro drug release, indicating their
potential to provide rapid therapeutic availability

variation,

following administration.

The accelerated stability study  further
demonstrated that the optimized oral dispersible
film maintained its physicochemical properties,
drug content, disintegration characteristics, and
dissolution profile throughout the storage period,
indicating satisfactory formulation stability under
accelerated conditions.

REFERENCES

1. O'Leary F, Samman S. Vitamin B12 in health
and disease. Nutrients. 2010;2(3):299-316.

2. Green R, Allen LH, Bjerke-Monsen AL, Brito
A, Guéant JL, Miller JW, et al. Vitamin B12
deficiency. Nat Rev  Dis  Primers.
2017;3:17040.

3. Green R. Vitamin B12 deficiency. N Engl J
Med. 2022;386(2):149-156.

4. Shipton MJ, Thachil J. Vitamin B12
deficiency: A 21st century perspective. Clin
Med (Lond). 2015;15(2):145-150.

5. O'Leary F, Samman S. Vitamin B12 in health
and disease. Nutrients. 2010;2(3):299-316.

6. Green R, Allen LH, Bjerke-Monsen AL, Brito
A, Guéant JL, Miller JW, et al. Vitamin B12
deficiency. Nat Rev Dis  Primers.
2017;3:17040.

7. Venkatesan N, et al. Clinical evaluation of
oral thin films for pediatric and geriatric
patients. 2023.

8. Akkaiyan R, Ramakrishnan S, Kumar P. Fast

dissolving oral films: A novel drug delivery

97| Page



10.

11.

12.

13.

14.

15.

16.

17.

ey
s
Ay

e

ks

Snehal Chavan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 85-100| Research

system. Int J Pharm Sci Rev Res.
2010;4(2):157-162.

Mishra R, Sinha VR. Formulation aspects of
fast dissolving films: A review. Asian J
Pharm. 2023;17(1):45-52.

Akkaiyan R, Ramakrishnan S, Kumar P. Fast
dissolving oral films: A novel drug delivery
system. Int J Pharm Sci Rev Res.
2010;4(2):157-162.

Mishra R, Sinha VR. Formulation aspects of
fast dissolving films: A review. Asian J
Pharm. 2023;17(1):45-52.

Kumar G, Bhatt M, Dyani A. Formulation and
optimization of fast mouth dissolving thin
strips of desvenlafaxine HCI using QbD
approach. 2025.

Jacob S, Boddu SHS, Bhandare R, Ahmad SS,
Nair AB. Orodispersible films: Current
innovations and emerging trends.
Pharmaceutics. 2023;15(12):2753.

Subedi L, Gwak H, Kim DW, Kim SY.
Preparation of topical
enhanced

itraconazole with

skin/nail ~ permeability  and
antifungal  efficacy = through  surface
modification of nanostructured lipid carriers.
Pharmaceutics. 2021;13(5):688.

Kolimi P, Youssef AAA, Narala S,
Nyavanandi D, Dudhipala N, Bandari S,
Repka MA. Development and
characterization of itraconazole non-aqueous

creams for the treatment of topical fungal

infections. J Drug Deliv Sci Technol.
2022;76:103818.
Kumar N, Goindi S, Bansal G.

Characterization and evaluation of antifungal
efficacy of itraconazole microemulsion for
topical application. AAPS PharmSciTech.
2015;16(5):1043-1057.

Lamie C, Philoppes JN, Hassan AA,
Elkasabgy NA. Assessment of antifungal
efficacy of itraconazole-loaded aspasomal
cream for topical treatment of fungal

‘P INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

oy

19.

20.

21.

22.

23.

24.

25.

26.

27.

infections. Drug Deliv Transl Res.

2022;12:1480-1495.

. Verma SB, Madhu R. Topical itraconazole

formulations: A review of evidence and future
perspectives. Indian Dermatol Online J.
2020;11(6):850-856.

Kurn H, Wadhwa R. Itraconazole. In:
StatPearls. Treasure Island (FL): StatPearls
Publishing; 2023.

Gupta AK, Kohli Y. Evaluation of topical
delivery for itraconazole in
dermatophytosis management. J Dermatolog
Treat. 2018;29(5):487-494.

Dudhipala N, Veerabrahma K. Improved
topical delivery of poorly soluble antifungal
agents using lipid-based nanocarriers: Focus
on itraconazole. Drug Dev Ind Pharm.
2016;42(8):1224-1232.

Sharma G, Wilson K, van der Walle CF.
Development of nanostructured lipid carriers
for topical delivery of itraconazole. Int J
Pharm. 2017;531(2):624-635.

Patel D, Sharma P, Dave V. Formulation and
evaluation of itraconazoleloaded topical
cream for the treatment of superficial fungal
infections. J Drug Deliv Sci Technol.
2021;62:102367.

Bala R, Pawar P, Khanna S, Arora S. Orally
dissolving strips: A new approach to oral drug
delivery system. Int J Pharm Investig.
2013;3(2):67- 76.

Jacob S, Boddu SHS, Bhandare R, Ahmad SS,
Nair AB. Orodispersible films: Current
innovations and emerging trends.
Pharmaceutics. 2023;15(12):2753.

Langan RC, Goodbred AJ. Vitamin BI2
deficiency: Recognition and management.
Am Fam Physician. 2017;96(6):384-389.
Wolffenbutte]l BHR, Wouters HICM, Heiner-
Fokkema MR, van der Klauw MM. The many
faces of cobalamin (Vitamin B12) deficiency.

systems

98| Page



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

P
Avi

Snehal Chavan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 85-100| Research

Mayo Clin Proc Innov Qual Outcomes.
2019;3(2):200-214.
Allen LH. How common is vitamin B12

deficiency? Am J Clin Nutr.
2009;89(2):6935-696S.
Shipton MJ, Thachil J. Vitamin B12

deficiency: A 21st century perspective. Clin
Med (Lond). 2015;15(2):145-150.

Rizzo G, Lagana AS. A review of vitamin
B12. Mol Nutr. 2020;1:105-129.

Green R, Allen LH, Bjorke-Monsen AL, Brito
A, Guéant JL, Miller JW, Molloy AM, Nexo
E, Stabler S, Toh BH, Ueland PM. Vitamin
B12 deficiency. Nat Rev Dis
2017;3(1):1-20.

Hunt A, Harrington D, Robinson S. Vitamin
B12 deficiency. BMJ. 2014;349.

Shipton MJ, Thachil J. Vitamin BI12
deficiency: A 21st century perspective. Clin
Med (Lond). 2015;15(2):145-150.

Rodionov DA, Vitreschak AG, Mironov AA,
Gelfand MS. Comparative genomics of the
vitamin B12 metabolism and regulation in
prokaryotes. J Biol Chem.
2003;278(42):41148-41159.

Ronald P, Shashank NN, Shwetha SKK,
Shabaraya AR. Formulation and evaluation of
fast dissolving tablets of flunarizine
hydrochloride by sublimation method using
sodium starch glycolate as superdisintegrant.
Int J Pharm Tech Res. 2014;6:1085-1095.
Arpit SP, Shashank NN, Shwetha SKK,
Dhaval MR, Shabaraya AR. Design,
development and evaluation of fast dissolving
tablets of loratadine by direct compression
method. Am J PharmTech Res. 2013;3:1-14.
The United States Pharmacopoeia. National
Formulary. Vol. 1. Rockville (MD): United
States Pharmacopeial Convention; 2017.

38) Siraj NS, Band A, Abdul R, Khan
GJ. Formulation optimization and evaluation

Primers.

oy

3‘*;? INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

ks

39.

40.

41.

42.

43.

44,

45.

46.

47.

of gastroretentive tablets of ondansetron HCI.
J Drug Deliv Ther. 2018;8:185-195.

Anirudh SP, Harish G, Pragath KB, Debjit B,
Duraivel S. Effect of superdisintegrants on
formulation of ondansetron HCl immediate
release tablets by direct compression method.
Int J Pharm Clin Res. 2012;4:61-67.
Rajnikant MS, Narendra PC, Digesh DS.
Formulation and evaluation of fast dissolving
tablets of ondansetron by solid dispersion in
superdisintegrants. Indian J Pharm Educ Res.
2013;47:49-55.

Shyam RS, Bhupendra KP, Uttam B, Panna T.
Taste  masking of
ondansetron hydrochloride mouth dissolving
tablets. Int J Pharm Sci Res. 2015;6:856-864.
Anupam R. Orodispersible tablets: A review.
Asian J Pharm Clin Res. 2016;9:19-26.

Akira F, Norio YF, Taku N, Takenori N,
Manabu S, Yasushi S, et al. Comparative in
vivo bioequivalence and in vitro dissolution of

and formulation

sustained-release
Devel Ther.

two  valproic  acid
formulations. Drug Des
2008;2:139-144.

Sravanthi M, Srinivasa RB. Design and
evaluation of ondansetron fast disintegrating
tablets using natural polymers and modified
starches as superdisintegrants for the
enhancement of dissolution. J Young Pharm.
2017;9:519-524.

Remya PN, Damodharan N, Lokendra S.
Formulation and evaluation of fast
disintegrating orodispersible tablets of
ondansetron hydrochloride. J Pharm Sci Res.
2012;4:1810-1813.

Ved P, Saurabh M, Shiv KY, Hemlata, Vikas
J. Fast disintegrating tablets: Opportunity in
drug delivery system. J Adv Pharm Technol
Res. 2011;2:223-235.

Nehal S, Garima G, Pramod KS. Fast

dissolving tablets: Preparation,

9 |Page



Snehal Chavan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 85-100| Research

characterization and evaluation: An overview.
Int J Pharm Sci Rev Res. 2015;4:87-96.

48. Sunidhi M, Shivali S, Sachin G, Bhimi K,
Abhishek S. Formulation and evaluation of
mouth dissolving tablets of ondansetron
hydrochloride = using  Plantago  ovata
(Isapghula) mucilage as natural
superdisintegrating agent. Int J Pharm Sci
Drug Res. 2017;9:240-246.

49. Dixit RP, Puthli SP. Oral strip technology:
Overview and future potential. J Control
Release. 2009;139(2):94-107.

50. Arya A, Chandra A, Sharma V, Pathak K. Fast
dissolving oral films: An innovative drug
delivery system and dosage form. Int J
ChemTech Res. 2010;2(1):576-583.

51. Juluru NS. Fast dissolving oral films: A
review. Int J Adv Pharm Biol Chem.
2013;2(1):108-112.

HOW TO CITE: Snehal Chavan, Sachin Shinde,
Formulation And Evaluation of Taste-Masked Vitamin B12
Oral Dispersible Film Using Natural Polymer to Enhance
Patient Compliance in Diabetic Neuropathy, Int. J. of

Pharm. Sci.,, 2026, Vol 4, Issue 8§, 85-100,
https://doi.org/10.5281/zenodo.21736274

oy

’@l}? INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 100 | Page



