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Abstract:

Lorazepam mouth dissolving films are designed for rapid anxiolytic effect via
buccal mucosa. Using HPMC E5 and plasticizers, films are optimized for fast
disintegration (<30 sec) and drug release (>80% in 5 min). Solvent casting method ensures
uniform drug dispersion. Evaluation shows good tensile strength, folding endurance,
and patient-friendly handling. In vitro dissolution meets pharmacopoeial standards.
Stability studies indicate minimal degradation. This formulation offers a promising
alternative for anxiety management, enhancing compliance and onset. Formulating
mouth dissolving films (MDFs) (or fast dissolving oral films) of lorazepam
involves using polymers (like HPMC, pectin) and excipients (super disintegrants,
plasticizers, sweeteners) via methods like solvent casting, followed by evaluations for
thickness, pH, drug content, disintegration, and in vitro/vivo release to ensure rapid
dissolution and enhanced absorption, often showing good release profiles and faster

Cmax for better patient compliance.
Introduction:

The oral course of treatment is the most popular due to its ease of administration,
comfort, adaptability, patient consistency, and recognition. Many alternatives to the oral
route of drug transportation have been made available for pediatric, geriatric, ill, and
rebellious individuals using current creative innovations. Innovative advances have
given rise to bioadhesive mucosal measuring structures such as tablets, gels, and fixes.
Among the various portion structures, the use of polymeric films to deliver drugs into
the buccal pit has recently demonstrated tremendous potential. Orally degrading films
(ODFs) immediately hydrate by splashing saliva after degradation and disintegration,

releasing the dynamic pharmacological component from the measurement structure.!

Lorazepam, commonly sold under the brand name Ativan, is a prescription
benzodiazepine medication primarily used to treat anxiety disorders, insomnia due to
anxiety or stress, and seizures. It is a controlled substance due to its potential for misuse,

dependence, and addiction.
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e Mechanism of Action: Lorazepam works by enhancing the effects of gamma-
aminobutyric acid (GABA), a natural chemical messenger in the brain that
suppresses nerve cell activity, thereby producing a calming effect on the nervous
system. Lorazepam allosterically binds on the benzodiazepine receptors in the
post-synaptic GABA-A ligand-gated chloride channel in different sites of the
central nervous system (CNS). This binding will result in an increase on the GABA
inhibitory effects which is translated as an increase in the flow of chloride ions into
the cell causing hyperpolarization and stabilization of the cellular plasma

membrane.3

e According to the binding site of lorazepam, we can observe different activities as the
binding in the amygdala is known to help mainly in anxiety disorders while the

binding in the cerebral cortex helps in seizure disorders.*
e Approved Uses:

o Management of anxiety disorders and short-term relief of anxiety

symptoms.
o Insomnia associated with anxiety or transient situational stress.

o Pre-medication before surgery to reduce anxiety, induce sedation, and
cause a decreased ability to recall events related to the procedure

(anterograde amnesia).
o Treatment of status epilepticus (severe, continuous seizures).
o Management of acute agitation and alcohol withdrawal syndrome.
o Adjunct treatment for chemotherapy-induced nausea and vomiting.

e Available Forms: Lorazepam is available as oral tablets, extended-release capsules,

an oral concentrate solution, and a solution for injection.
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Duration of Action: Oral tablets and liquid generally start working in 20 to 30

minutes, and the full sedating effect lasts about 6 to 8 hours. The effects from a

single dose can last up to a day.

Important Warnings & Side Effects

Boxed Warning: Taking lorazepam with opioid medications or other central nervous

system (CNS) depressants (including alcohol) can cause severe drowsiness, life-

threatening breathing problems, coma, and death.

Dependence and Withdrawal: Long-term use can lead to physical and
psychological dependence. Do not stop taking lorazepam suddenly without
consulting a doctor, as this can cause severe withdrawal symptoms, including
anxiety, tremors, hallucinations, and seizures. A healthcare professional will

provide a plan to gradually reduce the dose.

Common Side Effects: Drowsiness, dizziness, weakness, unsteadiness, and

fatigue are common side effects.

Pregnancy/Breastfeeding: Lorazepam is generally not recommended during

pregnancy (Pregnancy Category D) as it may harm the baby. It also passes into breast

milk, so caution is advised for breastfeeding mothers.

Older Adults: Older adults may be more sensitive to the effects of lorazepam and

have an increased risk of falls, fractures, and cognitive impairment.2

Advantages of Mouth dissolving film:

ii.

iii.

For pediatric, elderly, and psychiatric patients who have trouble swallowing
tablets and other solid dosage forms, it is simple to administer.

No water is required for swallowing.

Rapidly acting medications that are poorly water soluble that dissolve and

absorb quickly.

Volume 18, Issue 01, January / 2026 26



iv.

Vi.

vii.
viii.
ix.

X.

Dizhen Dizhi Journal ( ISSN:0253-4967)

Pregastric absorption can lead to improved clinical performance through a
decrease in side effects, greater bioavailability with a smaller dosage.

Bitter medications have the potential to be taste-masked.

Useful in situations requiring a rapid initiation of action, such as motion
sickness, an unexpected allergic reaction or coughing.

Fit, Hypertension, Bronchitis, or Asthma.

More affordable.

The dosing procedure is simple and precise.

Reasonable transportation.

Special features of mouth dissolving film:

ii.
iii.

iv.

V.
Vi.

Vii.

Should be thin and elegant.

A satisfying mouth feel is expected.

Should be available in a variety of sizes and forms.

Should disintegrate quickly in the absence of water and release medication
quickly.

Should be appropriate for flavor masking.

After oral administration, there should be little to no residue left in the mouth.

Be less sensitive to environmental factors like humidity and temperature.>

Classification of Oral Films:

Oral Films
Mucoadhesive MNon-mucoadhesive
Oral sblmrp(:'on Gl absorption
Fast onset action Orodispersible films Orodispersible films
Orral-mucosa films
Sublingual Buccal Palatal Mw polymer Mw polymer
=9 kDa 1 to9 kDa

Figure 1: Classification of oral film.
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Methods of Preparation of Mouth Dissolving Film:

1. Solvent Casting Method:

e}

Process: This is the most widely used method. A polymer solution is

prepared (using water or organic solvents) along with the active
pharmaceutical ingredient (API) and any plasticizers or additives. The

solution is poured into a mold and allowed to dry.

Advantages: Simple and cost-effective; allows for easy incorporation of

various APIs and additives.

Disadvantages: The process can be time-consuming, and there might be

variability in film thickness.®

2. Hot-Melt Extrusion:

e}

e}

(0]

Process: In this method, the polymer and API are melted together using

heat and then extruded to form a continuous film. This can be done with a

single or twin-screw extruder.

Advantages: Produces a homogeneous mixture; the process is continuous;

excellent control over film thickness and properties.

Disadvantages: Requires specialized equipment; thermal stability of the drug

must be considered to avoid degradation.”

3. Spray Drying;

e}

Process: A solution of the polymer and APl is sprayed into a hot gas stream,

leading to rapid evaporation of the solvent and formation of fine film
particles, which can then becompressed into films or used in other

formulations.
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Advantages: Produces films with fine particle sizes; high surface area, which

can enhance the dissolution rate. This method is faster than solvent casting

and can allow for better drug distribution.

Disadvantages: The need for specialized equipment and the potential loss of

potent APIs due to high temperatures may pose challenges. 8

4. Casting and Drying;

(e]

Process: Similar to the solvent casting method, but in this simplified

approach, the solution is cast on a flat surface (often using a doctor blade)

and dried in ambient air or an oven until a film forms.

Advantages: It's straightforward and can be done in a laboratory setting

without advanced machinery.

Disadvantages: May lead to inconsistent thickness and uniformity issues;

this method may also be influenced by environmental conditions such as

humidity.

5. Lyophilization (Freeze Drying):

(e]

Process: A polymer and API solution is first frozen, then subjected to a

vacuum to remove ice by sublimation, leaving behind a porous film that

can dissolve rapidly.

Advantages: Produces highly porous films with a large surface area for

rapid dissolution; can improve stability of sensitive APIs.

Disadvantages: Time-consuming and requires specialized equipment; films

may be fragile and require careful handling.®

6. Coating Method:

(0]

Process: A substrate, often a solid core material, is coated with a polymer

solution containing the API. The coated material is then dried to form a film.
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o Advantages: This method can produce films with specific release profiles;

allows for use of core materials to enhance taste masking or stability.

o Disadvantages: More complex than casting methods; requires uniform

coating to ensure consistent dosage.
7. lontophoresis or Electrostatically Assisted Methods:

o Process: Involves the application of electric current to enhance the

permeation of the film forming components, thus forming a film quickly

upon substrate application.

o Advantages: Can enhance drug absorption in some cases; might lead to

faster dissolution and onset of action.

o Disadvantages: Requires specialized equipment and may not be applicable

for all film compositions or drugs.
8. Thermal Casting Method:

o Prepare a mixture of the polymers (like HPMC and PVA) with a small

amount of distilled water in a glass beaker.

o Heat the mixture on a hot plate while stirring continuously until it reaches

a temperature where the polymers dissolve completely.
o Remove from heat and allow the mixture to cool to about 40°C.

o Add lorazepam and any other additives (plasticizers, sweeteners, etc.) and

stir until a uniform solution is obtained.

o Pour the solution into molds and let it set at room temperature or in an oven

at low temperature until fully dried.
9. Melt Extrusion Method:

o Mix polymers (e.g., HPMC, PVA, or other suitable polymers) with

lorazepam and any other excipients to ensure uniform distribution.
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Feed the blend into the extruder, controlling the temperature to keep it above
the melting point of the polymers but below the degradation temperature of

lorazepam.
Extrude the melt through a die to form a continuous film.
Cool the extruded film on a chill roller or in air to solidify it quickly.

Cut the film into desired dimensions once it is processed.

10. Electrospinning Method:

e}

Prepare a polymer solution (e.g., HPMC or PVA) along with lorazepam and

other excipients in a solvent.
Load the solution into a syringe and use an electrospinning apparatus.

Apply a high voltage to the solution as it is extruded from the syringe,

forming fine polymer fibers.

Collect the electrospun fibers on a collector surface, allowing them to form

a film.

Dry the collected fibers under vacuum or in an oven to remove any residual

solvent and enhance stability.

These methods offer a range of options for developing mouth dissolving films, each with

unique advantages and disadvantages that can be selected based on the specific

requirements of the formulation, such as the nature of the active ingredient, desired release

profile, and manufacturing considerations.10-13

Formulation:

(0]

The formulation typically involves a combination of polymers, plasticizers,

and other excipients. Common polymers used include:

* Hydroxypropyl methylcellulose (HPMC)
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= Pullulan
= Polyvinyl alcohol (PVA)

o Plasticizers such as glycerin or propylene glycol may be added to enhance

the flexibility and mechanical properties of the film.

o Sweeteners and flavoring agents can also be incorporated to improve

palatability.
2. Characterization:

o Films are characterized by measuring their thickness, folding endurance,

tensile strength, and dissolution time.

o In vitro studies are often conducted to evaluate the drug release profile
using apparatus such as the USP dissolution tester or a modified Franz

diffusion cell.
3. Advantages:

o Rapid onset of action: The dissolution occurs quickly in saliva, leading to

faster therapeutic effects.

o Ease of administration: Suitable for patients with dysphagia or those who

prefer non-invasive routes.

o Improved bioavailability: MDFs may enhance the absorption of lorazepam

compared to traditional formulations.

4. Pharmacokinetics:

o Lorazepam is well-absorbed in the gastrointestinal tract, and the rapid
dissolution in the oral cavity may lead to prompt absorption into the

bloodstream, reducing the time to peak plasma concentration.

o The typical onset of action for lorazepam when taken orally is about 1-2

hours; however, MDFs may facilitate faster onset.
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5. Applications:

o Used in acute anxiety episodes, pre-operative sedation, and management

of insomnia.

Standard composition of mouth dissolving film:
1) Drug (Active pharmaceutical component)
2) film forming agent
3) Plasticizer
4) Saliva stimulating agent
5) Sweetening agent
6) Flavoring agent
7) Surfactant
8) Colour, Filler
Active pharmaceutical component

Any class of pharmaceutically active drugs that can be delivered orally or through
the buccal mucosa considered as active pharmacological substance. such as expectorants,
antianginals, antitussives, antihistaminic, antiepileptic, antianalgesic and antiulcer

drugs.14
Ideal drug candidate for drug delivery:

Low dose, less than 40mg, is required.
Low molecular weight drugs are preferable.
It should have a pleasant flavor.

It should be reasonably stable in both saliva and water.

v W

It needs to be capable of penetrating the mucosal tissue of oral cavity.
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Film forming agent:

Water-soluble polymers are employed as film formers because they give the films a
quick disintegration, a pleasant mouth feel, and mechanical qualities. Polymers can be
employed individually or in mixture with others to create films with the necessary
hydrophilicity, flexibility, mouth feel, and solubility. The rate of polymer disintegration

reduces as the molecular weight of polymer film bases increases.!>
Ideal properties of polymer:

Polymers that are plain, nontoxic, and inexpressive should be used.
It should have no flavor. It should be free of drainable toxins.
It should be affordable and simple to obtain.

It shouldn't be a major hindrance during the deterioration interaction.

i W o=

It must possess exceptional wetting and spreading qualities. It must be
sufficiently flexible, shear, and able to strip.
6. It should not induce additional oral disease and have a long time frame of

realistic usability.
Plasticizer:

[t serves as a key component in oral thin films. The plasticizers aid in enhancing
the mechanical characteristics of the film, such as its tensile strength and elongation.
Additionally, it makes the film less brittle. It might increase the strength and flow of
polymer. The choice of plasticizers must be made carefully. It should interact well with
the polymers, the drug, and the other excipients. The wrong selection could result in the
film peeling, splitting, and cracking. Dimethyl, dibutyl, diethyl phthalate, tributyl,
triethyl, actyl citrate, triacetin, propylene glycol, polyethylene glycol, and glycerol are

some examples of plasticizers that are frequently employed.16
Saliva stimulating agent:

Saliva stimulating drugs are used to boost saliva production in to accelerate the

breakdown and dissolution of the oral film insight the mouth. It has a range of 2-6% that
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can be used alone or in mixture. Citric acid, malic acid, lactic acid, ascorbic acid, and
tartaric acid are often used saliva-stimulating substances. Citric acid is the most popular

of them.1”
Sweetening agent:

Sweeteners are typically used to cover up the bitter taste of some drugs. One can use
natural and artificial sweeteners alone or together. Types of sweetener includes natural
sweeteners, such as corn syrup solids, xylose, ribose, glucose, mannose, galactose, fructose,
dextrose, and sucrose and artificial sweeteners aspartame, cyclamate, and saccharin.

Acesulfame K, sucralose, alitame, and neotame.!8
MATERIAL & METHODS:
Materials:
1. Active Ingredient:
o Lorazepam (as per required dosage)
2. Polymers:

o Hydroxypropyl Methylcellulose (HPMC) - various grades (often 15-30%

w/w)

o Pullulan or Polyvinyl Alcohol (PVA) - can be used alone or in combination

with HPMC
©  Sodium Alginate (optional for enhancing film properties)1°
3. Plasticizers:

© Glycerin or Propylene Glycol (2-10% w/w) - to improve flexibility and

reduce brittleness of the film.20
4. Sweeteners and Flavors:

o Sucralose or Aspartame (as per taste preference)
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Natural or artificial flavors for palatability (e.g., mint, vanilla)

5. Solvents:

e}

Distilled water or ethanol (for film preparation)

6. Other Additives:

Methods:

e}

e}

Citric Acid or Malic Acid (to enhance taste)

Preservatives (if needed, depending on formulation stability)

1. Preparation of the Mouth Dissolving Films:

o

Film Casting Technique:

Dissolve the required quantity of HPMC, PVA, and other polymers in

distilled water.
Heat gently while stirring to assistin the dissolution of the polymers.

Once fully dissolved, add lorazepam, plasticizers, sweeteners, flavoring

agents, and any other excipients. Ensure uniform mixing.

Pour the homogeneous mixture onto a clean, flat surface (like a glass plate or
a Teflon-coated surface) and spread it evenly using a film casting knife or

blade to achieve a desired thickness (typically 100-300 micrometers).

Allow the film to dry at room temperature or in an oven (atlow temperature,

typically around 40°C) until it reaches the desired moisture content.2!

2. Cutting the Films:

Once dried, cut the films into desired dimensions (e.g., 2 cm x 2 c¢cm), and store

them in airtight containers to prevent moisture absorption.22
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Evaluation of Mouth Dissolving Films
1. Physical Properties:
o Thickness:

o Use a micrometer to measure the thickness of the films at different points

to ensure uniformity.
« Folding Endurance:

o Fold the film until it breaks and count the number of folds. This assesses

the flexibility and mechanical strength of the films.
o Tensile Strength:

© Evaluate using a universal testing machine (UTM). Measure the force required

to break a sample of the film to determine its tensile strength and elasticity.23-

24

2. In vitro Dissolution Studies:
e Use a method similar to the USP dissolution test.

e Place the films in a dissolution apparatus equipped with a paddle or basket, using
a dissolution medium (e.g., distilled water or simulated saliva) at a maintained

temperature of 37°C.

* Sample the dissolution medium at regular intervals (e.g., 1, 5, 10, 15, 30 minutes) and
determine lorazepam concentration using UV-Visible spectrophotometry at a specific

wavelength (typically around 250 nm).2>
3. Drug Content Uniformity:

* Perform a drug content assay by dissolving the films in a suitable solvent. Analyze
using UV-Visible spectrophotometry or High-Performance Liquid Chromatography

(HPLC) to determine lorazepam concentration and ensure content uniformity.2é
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4. Stability Studies:

* Conduct accelerated stability tests by storing the films at elevated temperatures (e.g.,
40°C / 75% RH) and evaluating them at specific intervals (0, 30, 60, 90 days) for

changes in physical appearance, drug content, and dissolution characteristics.2”
5. Sensory Evaluation (Optional):

* Conduct a sensory evaluation with volunteer participants to assess taste, mouthfeel,

and overall acceptability of the films.28-31
6. Fourier Transform Infrared Spectroscopy (FTIR):

o Purpose: To identify functional groups and assess any interactions between the drug

and polymers.

e Procedure: The film samples are placed in the FTIR spectrometer, and the resulting

spectra are analyzed for characteristic peaks corresponding to functional groups.
7. Differential Scanning Calorimetry (DSC):

e Purpose: To evaluate thermal properties, such as melting point and glass

transition temperature, which can affect film stability and drug release.

e Procedure: The sample is heated under controlled conditions, and the heat flow is

measured to determine changes in thermal behavior.
8. X-ray Diffraction (XRD):

e Purpose: To analyze the crystallinity of the drug in the films. Understanding

crystallinity can help predict solubility and bioavailability.

e Procedure: The films are subjected to XRD, and the resulting diffraction pattern is

analyzed to determine the crystallinity of the lorazepam.

9. Scanning Electron Microscopy (SEM):
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o Purpose: To examine the surface morphology and structural characteristics of the

films.

e Procedure: Film samples are coated with a conductive layer if needed and then

imaged under a scanning electron microscope to visualize surface features.
10. Contact Angle Measurement:

o Purpose: To evaluate the wettability of the films, which impacts drug release rates

and mouth feel.

e Procedure: A small droplet of water is placed on the film surface, and the contact

angle is measured to determine hydrophilicity or hydrophobicity.
11. In-Vitro Drug Release Studies:

o Purpose: To evaluate the rate and extent of drug release from the films in simulated

saliva or other relevant dissolution media.

o Procedure: The film is placed in a dissolution apparatus, and samples are withdrawn

at specific time intervals to measure lorazepam concentration.
12. Rheological Studies:

o Purpose: To assess the flow and deformation behavior of the film-forming solution

or the final film.

o Procedure: A rheometer can be used to determine the viscosity of the film-forming

solution and assess properties like shear thinning or strengthening.
13. Mechanical Property Testing - Dynamic Mechanical Analysis (DMA):

o Purpose: To characterize the viscoelastic properties of the films under varying

temperature conditions.

o Procedure: The samples are subjected to oscillatory stress and the resulting strain is

measured to determine storage modulus, loss modulus, and damping properties.
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14. Discriminative Dissolution Testing:

e Purpose: To comprehensively compare the drug release profiles of different

formulations or batches.

o Procedure: Multiple dissolution media and conditions can be tested to understand

how formulation changes affect drug release behavior.
15. Stability Studies:

o Purpose: To assess the stability of the films under different environmental

conditions (e.g., temperature, humidity, light).

e Procedure: Samples are stored under accelerated conditions, and periodic

analyses such as FTIR or DSC are performed to monitor any changes over time.

Conclusion:

This formulation and evaluation method for lorazepam mouth dissolving films
highlights the intricate process required to ensure effective drug delivery through the
oral mucosa. The use of appropriate materials and precise evaluation techniques is crucial
in developing an optimal formulation for patient use. Remember to follow all safety and

ethical guidelines when conducting experiments.

Summary:

These characterization methods provide a holistic approach to understanding the
physical and chemical properties of mouth dissolving films, ensuring that they meet the
performance requirements for effective drug delivery. Each method can highlight
different aspects of film quality and performance, critical for pharmaceutical

development.
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