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ABSTRACT

As discovery and development of new chemical entity is a complex, expensive and time taking process, so recent trends are
shifting toward designing and developing new innovative drug delivery systems for existing drugs. Out of those, orally
disintegrating films (ODFs) are very distinct drug delivery system among pediatrics and geriatrics. Fast Dissolving Film is
the solid oral drug delivery system, in which water-soluble polymer plays an important role and to disintegrate film into
mouth and directly reach into systemic circulation via avoiding first pass metabolism. Those drugs are irritating to
gastrointestinal tract, showing first pass metabolism, low dose and good water solubility are eligible candidates for
preparation of mouth dissolving film. Anti-inflammatory, antiemetic, anti-allergic, antihypertensive and anti-epileptic drugs

are available in market as in mouth dissolving film.

Keywords: Drug eligibility criteria for making film, Formulation aspect, Merits, Method of preparation and Evaluation

parameters

INTRODUCTION

Oral drug delivery is most common and favorable drug
delivery and imparts certain merits like ease of
administration, dose uniformity, self-use, patient compliance
and stable delivery [1].

Oral thin film was first developed in 1970’s as a novel
dosage form and film were launched in 2004 for systemic
drug delivery [2]. Fast dissolving oral disintegrating film in
which drug is release instantly from the dosage form i.e.
within 1 min and rapidly absorb via mouth and it reaches
quickly into blood circulation hence maximum
bioavailability is been achieved [3].

A dosage form which dissolves or disintegrates quickly in
the oral cavity, resulting in solution or suspension without
the need for the administration of water, is known as an oral
fast dissolving dosage form. Mouth Dissolving Film (MDF)
is also known as Fast dissolving film, Quick dissolving film,
Rapid dissolving film, Oral thin film (OTF), Orally
Dissolving Films (ODF).

ODFs are commonly prepared using hydrophilic polymers
enabling rapid dissolution upon contact with saliva. A
typical ODF is usually equal to the size of a postage stamp.
Such type of dosage form having good bioavailability as
comparatively than the conventional dosage form [4]
(Figure 1).

Figure 1. Mouth dissolving film.

Special features of Mouth Dissolving Film [5]
e  Auvailable in different size and shape

e  Optimal muco adhesion
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Skinny elegant films
Unobstructive
Fast dissolving
Rapid disintegrating

Quick release

Merits of Mouth Dissolving Film [6]

Greater surface area promotes fast disintegration and
dissolution in the oral cavity.

Oral films are flexible and less fragile. Hence, there is
ease of transportation and during consumer handling
and storage.

Accurate and precise dosing.
No risk of choking
Good mouth feels
Improved patient compliance

No need of water for swallowing gives better
acceptability amongst the dysphagic patients

Convenient dosage form so, can be consumed at any
place and anytime of the individual.

Enhanced oral bioavailability of molecules by avoiding
first pass effect.

Bypassing the first pass effect leads to reduction of
dose which can lead to reduction in side effects
associated with the molecules.

Mouth Dissolving Films are typically the size of a
postage stamp and disintegrate on a patient’s tongue in
a matter of seconds for the rapid release of one or more
APIs.

Demerits

Drugs which are unstable at buccal pH cannot be
administrated.

Taste masking is needed.
Dose uniformity is a big challenge in formulation.
Low dose of drug required.

Costly packaging of oral film
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Comparison Between Oral Disintegrating Films and
Oral Disintegrating Tablets [7] (Table 1)

Table 1. Comparison between oral disintegrating films and
oral disintegrating tablets.

Oral Disintegrating o )
) Oral Disintegrating Tablets
Films

Faster dissolution due to  Slower dissolution due to less

larger surface area surface area
Better durable than oral Less durable as compared
disintegrating tablets with oral films

. ) Less patient compliance than
More patient compliance

films
Low dose can only be Low and high dose can be
incorporated incorporated
No risk of choking It has a fear of chocking

Ideal Characteristic of a suitable Drug Candidate [8]
e The drug should have pleasant taste.
e  The drug should have low dose up to 30 mg.

e  The drugs with low and moderate molecular weight are
preferable.

e  The drug should have good stability and solubility in
water as well as in saliva.

e  Drug should be partially unionized at the pH of oral
cavity.

e  Drug should have the ability to permeate oral mucosal
tissue.

Composition of the System [9,10]

ODFs are fast disintegrating thin films having an area
ranging from 5 to 20 cm? in which drug is incorporated with
hydrophilic polymer. API can be incorporated up to 30 mg
along with other additives like plasticizers, colorants,
sweeteners, taste masking agents etc. (Table 2).
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Table 2. Composition of a typical ODF.

Ingredients Amount (w/w)
Drug (API) 5-30%
Hydrophilic polymer 40-50%
Plasticizer 0-20%
Saliva stimulating agent 2-6%
Surfactant Q.S.
Sweetening agent 3-6%
Flavors, Colors, Fillers Q.S.

Primary concerns when manufacture Mouth dissolving
films [6,11-14]

Selection of the API: The selection of active
pharmaceutical ingredient depends on the potency of drug,
dose and its therapeutic efficacy. Anti-allergic,
antihistaminic, anti-Parkinson, sleeping aids and analgesic
class of drugs are most suitable for preparation of MDF.

Selection of the Film formers: The film should be strong
enough to be physically handled and the robustness of the
film depends on the type of polymer used. The film must
also dissolve easily in saliva or water to be effective
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immediately. In order to obtain a good formulation, at least
40-50% wi/w polymer should be present in the formulation.
Pullulan, gelatin, HPMC and HPC are the most commonly
used polymers in the film formulation.

Plasticizer: The plasticizer provides effective plasticity to
the MDF formulation. Care must be taken for determining
the concentration of the plasticizer. The concentration of the
plasticizer usually ranges from 0-20% w/w. PEG, glycerol,
diethyl phthalate, triethyl citrate, tributyl citrate, etc. are the
widely used plasticizer in MDF [12].

Taste masking: Taste masking is a prerequisite in the case
of an oral formulation. Both natural and artificial sweeteners
are used to enhance taste and are designed to dissolve and
disintegrate in the oral cavity. The classic sources of sugar
are sucrose, fructose, glucose and dextrose. Saccharin,
sucralose and aspartame fall into the category of artificial
sweeteners.

Saliva stimulating agent: Salivary stimulants are generally
acidic in nature, stimulating the production of saliva in the
buccal cavity and subsequently promoting the disintegration
of MDF. Some commonly used saliva stimulants are citric
acid, malic acid, tartaric acid, ascorbic acid, and lactic acid
[13] (Table 3).

Table 3. List of some marketed products available as mouth dissolving film [14].

Oral Film Active Ingredients

Listerine Pocketpaks® Cool Mint
Triaminic Dextromethorphan HBr

Chloraseptic Benzocaine, Menthol

Gas-X Simethicone
Benadryl Diphenyhydramine HCL
Supress® Menthol
Klonopin Wafers Clonazepam

Theraflu Dextromethorphan HBR

Sudafed PE Phenylephrine

Approaches for manufacturing of mouth dissolving films
(Figure 1)

Manufacturer/Marketed Category

Pfizer Mouth fresheners
Novartis Cough suppressants
Prestige Sore throat
Novartis Anti Flatuating

Pfizer Anti-allergic

InnoZen®, Inc. Cough suppressants

Solvay Pharmaceuticals Antianxiety

Novartis Cough suppressants

Wolters Kluwer Health Inc. Relieving congestion
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Method
Manufacturing
MDFs
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Casting

Extrusion

Solvent casting

Rolling

Semi-solid casting

Hot melt extrusion

Solid dispersion
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METHOD OF

Figure 1. Conventional approaches for manufacturing of MDFs.

PREPARATION OF

DISSOLVING FILM [14-22]

Following methods can be used for manufacturing the mouth

dissolving film:

1) Solvent casting

2) Hot-melt extrusion

3) Semisolid casting

4)  Solid dispersion extrusion

5) Rolling

FAST

6) Spray technique
Solvent Casting Method

Solvent casting is the most commonly used method for the
preparation of MDFs using water-soluble excipients,
polymers, and drugs that are dissolved in deionized water; as
a result, a homogeneous mixture is obtained by applying
high shear forces generated by the shear processor. Then the
prepared solution is poured into a petri plate and the solvent
is dried by exposure to high temperature to obtain good
quality films [19,20] (Figure 2).

Mixing of drug,
polymer and
excipients

Homogenization
o by magnetic
stirrer

Setting aside for 8 Casting on Petn

h b plate

Solveme

OV poraton

)

\ 4

Pecling and Drying in hot
cutting air oven (45-50°C)

x5
— =

Figure 2. Steps of solvent casting method.
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Hot-melt extrusion

In this method, the drug is mixed with a carrier in solid form
and the dried granulated material is fed into an extruder. The
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screw speed should be 15 rpm. In the extruder, the solid
carrier and drug are melted and placed in dies and then cut to
the desired size and shapes [21] (Figure 3).

Mixing of
hydrophilic acid

= 'v-

insoluble polymens Addition of drug Extrasion Drying and
- — >
(Cellulose scetare and plasticizer cutting
phthalate, cellubose
acctate butyrate)
Hopper
Film Die ~

Extruder Screw ' Motor

-

! Roller

Figure 3. Steps of hot melt extrusion method.

Semisolid casting

In this method, a solution of water-soluble and film-forming
polymer is prepared. The resulting solution is added to a
solution of an acid-insoluble polymer (e.g. cellulose acetate
phthalate and cellulose acetate butyrate) which is previously

prepared in ammonium or sodium hydroxide. An appropriate
amount of plasticizer is added to obtain a gel mass. The
prepared gel mass is cast into films or strips using a
controlled heat source. Film thickness is controlled between
0.015-0.05 inches [20] (Figure 4).

Mixing of
hydrophilic acid  }—p

insoluble

Addition of
plasticizer to form
a gelled mass

Drying and
t» .
cutting

Figure 4. Steps of semisolid casting method.

Solid dispersion extrusion

The term solid dispersion refers to the dispersion of one or
more active ingredients in an inert carrier in a solid state in
the presence of amorphous hydrophilic polymers. In this

method, the drug is dissolved in a suitable solvent, then the
solution is incorporated into a melt of polyols, such as
polyethylene glycol, and optionally, the unit surface area of
the solid dispersion is formed into films using matrices [22]
(Figure 5).

Mixing drug with
suitable solvent

—{

Mixture added to melted polymer along
with immiscible components

Cutting of solid
dispersion into film

Figure 5. Steps of solid dispersion extrusion method.

Rolling

In this method, a suspension of drug and polymer containing

water or alcohol as a solvent is prepared and exposed to a

roller. The prepared suspension is added on drum for solvent
evaporation and cut to the desired size and shape (Figure 6).
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Preparation of Suspension is

suspension of drug subjected to

and polymer in rollers

water or alcohol

Evaporation of Cutting of

solvent film

Figure 6. Steps of rolling method.

Spray Technique

Drug, polymers and all other excipients are dissolved in a
suitable solvent to form a clear solution. This clear solution

is then sprayed onto a suitable material such as glass,
polyethylene film of non-siliconized Kraft paper, or Teflon
foil. Allow to dry and peel off the backing to obtain the
desired size film [21] (Figure 7).

Spraying of solution of polymer, drug and other
excipients over a suitable carrier support

Material is dried and peeled off from

support to get film of desired size

Figure 7. Steps of spray technique.

EVALUATION PARAMETERS [23-29]
Thickness

It can be measured with a micrometer screw gauge or
Vernier caliper. It can be checked at five different points
with a calibrated digital micrometer for content uniformity
and uniform film thickness.

Dryness test/tack test

This test is performed to determine the ability of the film to
adhere to a piece of paper pressed between the strips. The
tenacity with which a film adheres to a piece of paper or
other accessory pressed between the films is known as tack.
There are almost eight stages in the film drying process,
which are identified as dry to the touch, dry to drag, dry
hard, dry to the touch, dustless, dry-through, non-sticky and
non-printing dry. These tests are primarily used to evaluate
the dryness of films in the coatings industry, but are also
applicable to the evaluation of rapidly disintegrating films in
the mouth. Dryness or stickiness test can also be done with
some newly invented tools.

Tensile strength

Tensile strength is the maximum stress applied to the point
at which the strip specimen breaks. It is calculated as the
applied breaking load divided by the cross-sectional area of
the strip as shown in the equation below:

Load at breakage
Strip thickness = Strip width ’

Tensile strength = 100

Percent elongation

When tension is applied, the strip pattern stretches and this is
often called deformation. The deformation is basically the
deformation of the strip divided by the original dimension of
the sample. The percentage of elongation is quantitatively

related to the amount of plasticizer used in the film
formulation. Increased plasticizer concentration in the film
generally results in increased strip elongation.

Increase in length

% Elongation = 100
b Elongation = o al Tength

Tear resistance

The tear resistance of a film is a complex function of its
ultimate resistance to rupture. The maximum force required
to tear the film is measured as the tear resistance value. It is
expressed in Newton or Pound-Force.

Folding endurance

The folding endurance is another procedure for estimating
the mechanical properties of the film. The folding endurance
is set by repeatedly folding the strip in the same place until
the strip breaks. The folding resistance value is the number
of times the film is folded without breaking. A higher
folding endurance value indicates greater mechanical
strength of the film. There is a direct relationship between
the mechanical strength and the folding endurance of the
films. Since the mechanical strength is controlled by the
concentration of the plasticizer, it is clearly evident that the
concentration of the plasticizer also indirectly affects the
folding endurance value.

Surface pH of film

The surface pH of the films is determined by placing a film
on the surface of 1.5% wi/v agar gel and then placing pH
paper (pH range 1-11) on the films. The color change of the
pH paper is observed and reported.

Swelling property

Film swelling studies are performed using a simulated saliva
solution. The initial weight of the film is determined and
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placed in a pre-weighed stainless-steel wire mesh. This film
containing the screen is then immersed in a simulated saliva
solution. The increase in weight of the film is recorded at
constant predetermined time intervals until no more weight
increases.

The degree of swelling is calculated using parameters
Wt —Wo
“T T wo

Where, Wt is weight of film at time t and WO is weight of
film at time zero

Transparency

The transparency of the strip is determined using a UV-
spectrophotometer. This test is performed for the visual
appearance of the formulation. Film preparations are cut into
rectangular shapes and placed on the inside of the
photometric cell. The transmittance of the film is determined
at a wavelength of 600 nm. Film transparency is calculated
as follows:

logT 600
¥ = (o8 ]"fh = —£c
Where T600 is the transmittance at 600 nm and b is the film
thickness (mm) and c is concentration.

Transparenc

Assay/ Content uniformity

This is determined by the standard test methodology
represented for the specific APl in the standard
pharmacopoeia. Content uniformity is determined by the
estimation of API content in individual strips. The limit for
content uniformity is 85-115%.

Disintegration time

The disintegration apparatus specified in the official
pharmacopoeias is used to determine the film disintegration
time. Normally, disintegration time is a function of film
composition, as it varies with composition and generally
ranges from 5 to 30s. No official guidelines are available for
determining the disintegration time of orally rapid
disintegrating films. There are two ways to determine the
film disintegration time:

e  Slide frame method: A drop of distilled water is poured
onto the film clamped into slide frames placed on petri
dish. Time taken by the film to dissolve is noted.

e  Petri dish method: A film is placed onto 2 ml distilled
water taken in petri dish. Time taken by the film to
dissolve completely is considered as the disintegrating
time.

Dissolution test

Dissolution testing can be performed using a standard basket
or paddle apparatus described in the pharmacopoeia.
Basically, the dissolution medium will be selected according
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to the sink conditions and the highest API dose. Many times,
the dissolution test can be difficult due to the tendency of the
strip to float on the dissolution medium when a paddle
apparatus is used. It is carried out in 0.IN HCI and
phosphate buffer pH 6.8 dissolution media. The temperature
is maintained at 37 + 0.5°C and the rotation speed is usually
set at 50 rpm. Samples of the dissolved drug are taken at
predetermined time intervals and analyzed using a UV-
spectrophotometer

Visual inspection and surface morphology

Visual inspection of the prepared mouth dissolving film
provides information on color, homogeneity and
transparency. Scanning electron microscopy is performed for
surface morphology. The absence of pores and the
uniformity of the surface testify to the good quality of the
films.

STORAGE AND PACKAGING [29]

Fast dissolving films can be packaged using individual
pouches, multi-unit blister cards, multi-unit dispensers, and
endless roll dispensers. There are certain proprietary
packaging systems for fast-dissolving films, such as Rapid
card by Labtech and Core-peel by Amcor flexible. The rapid
card is the same size as a credit card and can hold three films
on each side. Each dose can be taken individually.

CONCLUSION

This review shows that mouth dissolving films are one of the
new approaches in the field of pharmaceutical sciences.
MDFs have improved patient acceptability and compliance
without the risk of choking associated with better safety and
efficacy compared to conventional dosage forms. The main
idea behind the MDF formulation is to cope with the
difficulty in swallowing conventional oral dosage forms in
pediatric, geriatric and psychiatric patients with dysphasia.
Currently, MDFs are widely available for hypertension,
acidity, allergy, pain, etc., reflecting their importance. The
main advantages of such a dosage form are their
administration without the use of water, meeting the need of
the target population seeking convenience in drug
administration, along with bypassing hepatic metabolism,
which in turn leads to an improved therapeutic response.
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