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ABSTRACT  

Patient compliance and drug targeting at the desired 

concentration are still concerns for effective treatments, 

even after the many available approaches for topical drug 

delivery. A film-forming system is a novel approach that has 

great potential for surpassing the disadvantages of the 

other dosage forms (hydrogels and films). As an additional 

advantage, it has controlled drug-releasing properties. To 

control drug release through the skin, diverse strategies 

have been employed, including changes to film-forming 

polymers, plasticizers, additives, and even model drugs in 

formulations. The types and concentrations of polymers and 

excipients, sprayer types, evaluations, and critical 

parameters in determining spray ability and film 

characteristics are all covered in this article. 
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INTRODUCTION: 

The topical route of drug delivery is one of the widely accepted route for drug delivery for 

superficial, cutaneous as well as systemic drug delivery as it offers many advantages over 

oral drug delivery. Avoidance of some disadvantages of the oral route like first-pass 

metabolism, low pH effect, and enzyme hindrance makes topical drug delivery a better 

option. To improve therapeutic efficiency or pharmacokinetic profiles, topical drugs are 

delivered via lotion, creams, ointments, sprays, solutions, gels, and also with the help of 

bioadhesive pre-formulated films known as patch.1 These formulations mentioned above are 

having some drawbacks like stickiness, multiple dosing frequency, less bioavailability of the 

drug. However, though the patch is a better formulation with lesser drawbacks, the patch has 

disadvantages too. Patch preparations are also often associated with hypersensitivity, 

irritation, and blistering. 

The recent innovation of the film-forming system has come along with much-reduced 

disadvantages in the topical drug delivery and has low chances for skin irritation 

hypersensitivity and provides controlled release of the drug. A film-forming system can be 

delivered via film-forming gels, solutions, or spray. 

Principles and working of film-forming systems: 

FFSs can be in the form of a solution or dispersion in which the drug and film-forming 

excipients are dissolved/dispersed in a volatile solvent or solvents. The solubility of the 

drug/excipients or dispersions of encapsulated drug microparticles/nanoparticles in solvents 

determines the liquid state of the FFS. When the solvents come into contact with the skin, 

they evaporate and form a film with the excipients.2 

The drug release process is similar to that of a patch after the film is formed, in that the 

polymer matrix containing the drug releases it over time.3 Drug dosages in a film-forming 

formulation can also be adjusted depending on the volume of solution per spray to control 

systemic or local effects. An FFS also ensures that drugs are distributed evenly and 

effectively. Patient compliance can also be enhanced by ease of use.4-6 The principle is 

demonstrated in Fig. 1. 
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Figure No. 1: Principle of film forming systems 

Components of Film Forming System: 

1. Active pharmaceutical ingredients 

2. Film-forming polymers 

3. Plasticizers 

4. Volatile solvents 

1. Active pharmaceutical ingredients 

As the drug is to be applied to the skin the drug must pass through the upper layer of the skin 

which is the stratum corneum. The stratum corneum is the skin’s first barrier which is 

lipophilic. So the drug with high lipophilicity can penetrate the stratum corneum more easily 

than the hydrophilic drug. Log P 7-8. Thus the drug with a log P of more than 2 is most 

suitable and needs very less or no penetration enhancer.9 

Certain other factors than lipophilicity play an important role in the drug transfer into the skin 

such as the drug molecular weight and size. Size less than 500 Dalton is a suitable drug 

transferer through the skin.10 

The drug solubility in the non-volatile solvent in sufficient quantity is also required as the 

drug should not crystallize when the volatile solvent gets evaporated. Studies show that a 

formulation containing the dissolved API should have a pH value of 5 to 10.7Since the pH of 

the skin is around 5, the formulation's pH should be in the same range to avoid skin irritation 

during application.11-12 
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2. Film-forming polymers 

Film-forming polymers are very important for film formation. The selection of film-forming 

polymer has the greatest impact on the formulation's substantivity. Individually or combined, 

polymers can be used. It's important that they can establish a flexible, thin, clear, and long-

lasting film. Essentially, there are 2 kinds of film formers. 

1. water-soluble and 

2. Water-insoluble.13 

Characteristics of water-soluble polymers.14 

a. Water-soluble polymers have a hydrophilic nature, and while many of them are not 

suitable for enhancing substantivity in conventional skin-surface formulations. 

b. They are ideal for formulations in which the drug rapidly penetrates the stratum corneum 

to form a drug reservoir. 

c. Water-soluble polymers must be used with water-insoluble polymers to achieve a drug 

reservoir. 

Characteristics of water-insoluble polymers.14 

a. Water-insoluble polymers have higher drug substantivity. 

b. They are often brittle and rigid making formulation crumble. 

c. Plasticizers are usually added to the formulation to improve the film's uniformity and 

flexibility, or the polymer is combined with a water-soluble polymer. 

Some of the well-known polymers used in the film-forming system are as follows. 

Polyvinyl Pyrrolidone (PVP): 

Due to its solubility in both organic solvents and water, the use of PVP allows for a more 

flexible solvent selection for FFSs.15High hygroscopicity, good biocompatibility, and the 

ability to increase bioadhesive strength. As a result, PVP was investigated in several wound 

dressing studies. In some cases, polyvinylpyrrolidone-vinyl acetate copolymers are used 

instead of PVP.16 
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Polyvinyl Alcohol (PVA): 

Because of its low hydrophilic nature, rigid film generation, and insufficient elasticity, PVA 

in FFSs is a source of concern and constraint .16-17As a result, a limited fraction of PVP (0.5–

5%) in a PVP-PVA mixture has been preferred for stable hydrogels.18. 

Chitosan: 22-23 

Chitosan is obtained from chitin. It has specific biological activity and is also biocompatible. 

It is generally applied fabrication of wound dressing. The combination of chitosan and PVP 

has antibacterial activity.19-21 Its mucoadhesive nature makes it advantageous for the film-

forming system. Chitosan is soluble in an acidic medium and not soluble in water and organic 

solvents. 

Polymethacrylates:1, 4, 24 

Polymethacrylates are widely used in film-forming systems. Eudragit comes in a variety of 

forms, each with its own characteristics. These synthetic polymers are commonly used as 

tablet additives to modify drug release. Eudragit, on the other hand, is known to increase drug 

permeation through the skin. 

Some of the popular Eudragits are as follows: 

Table No. 1: Film forming Eudragits 

Sr. no Eudragits               Properties 

1 Eudragit RL-100 
Water-insoluble has good tensile strength, forms a transparent 

film 

2 Eudragit RS-100 
Water-insoluble has good tensile strength, forms a transparent 

film 

3 Eudragit RSPO Water-insoluble, Does not produce a transparent and shiny film 

4 Eudragit RLPO Water-insoluble, Does not produce a transparent and shiny film 

5 Eudragit S100 Water-soluble, Does not cause skin irritation 

6 Eudragit E100 Water-insoluble forms a transparent film 

7 Eudragit L30D-55 Water-dispersible at pH 2–3 

8 Eudragit EPO Water-insoluble forms a transparent film 
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Carbopol: 

It is a water-soluble and pH-sensitive polymer. Carbopol forms an amorphous hydrogel that 

can absorb wound fluids, making it ideal for open wounds. From the studies, it is shown 

that combining Carbopol and Poloxamer is superior to utilizing Carbopol alone. The polymer 

combination forms a film with good sprayability at a concentration of 0.05 percent.27 

Carbopol® 940 and Carbopol® 971P is used in the formulation of Ketoprofen, oxybutynin, 

and Beta-1,3/1,6-glucan which are present in the market. As it is viscoelastic it increases the 

diffusion coefficient of the drug.25 

Hydroxypropyl cellulose: 

It is a hydrophilic polymer. It gets swollen when added to the water. The amount of 

hydroxypropyl cellulose in the films affects drug release and water permeability the more 

hydroxypropyl cellulose in the films, the better is the drug release and permeability.28 It is 

generally incorporated with the corbopol to give sustained release.29 

Hydroxypropyl methylcellulose: 29-30 

It is a water-soluble and non-ionic polymer used in the preparation of the hydrogel-based 

film. It gives sustained release of the drug but has limitations due to slow drying time. 

3. Plasticizers 

Plasticizers are a very important component of the film-forming formulation. They are to be 

added in a minute amount in the formulation to provide the necessary flexibility to the film 

and to enhance the water permeation through the film.31Some plasticizers also act as drug 

diffusion enhancers along with providing plasticity to the film. They act by the mechanism by 

decreasing the glass transition temperature of the film.32Plasticizers can also help to keep 

API stable.23, 33 

Plasticizers enhance the following characters of the film: 
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Figure No. 2: Plasticizers enhance the above characteristics of the film characters of the film 

Some examples of plasticizers are as follows. 

Table No. 2: Plasticizers used in the film forming system.32,34 

Sr. no Plasticizers Properties 

1 Dibutyl phthalate Plasticizer 

2 Triacetin Versatile water or oil miscible solvent. plasticizer 

3 Polysorbate 80 
Non-ionic solubilizer, plasticizer, emulsifier, co-

emulsifier 

4 Propylene glycol Polymeric solubilizer, plasticizer 

5 Triacetin Versatile water or oil miscible solvent. plasticizer 

6 PEG 400 Plasticizer 

7 Sorbitol Plasticizer, Versatile water or oil miscible 

8 Glycerol Stabilizing agent and plasticizer 
 

4. Solvents 

Both volatile and non-volatile solvents can be used in the FFS system, to achieve the goal of 

balancing the drying rate of the film. Drugs have a difficulty in escaping and penetrating 

films that dry out too quickly and form a hard film. Mostly the solvents are used in 

combination to get required and sufficient effect on the drying time, film formation, and drug 

release.35 

The solvent must be compatible with the skin. Even if the skin barrier is damaged during the 

evaporation process, it also shouldn't irritate the skin. The dispersion or dissolution of the 
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film-forming polymer is required.3-4There should be lesser time for the formation of film. It 

should be not that quick that will affect the film formation.35For film-forming formulations, 

ethanol and isopropanol are particularly suitable solvents. Isopropyl myristate and propylene 

glycol have additional penetration-enhancing properties, but they do not evaporate. 3,4, 35 

Some of common volatile solvents used in the film-forming system are as follows. 

Table No. 3: Volatile solvents used in the film forming system.3,36 

Sr. No Solvents Nature 

1 Ethanol volatile 

2 Isopropyl alcohol volatile 

3 Isopropanol volatile 

4 Butanol volatile 

5 Water Non volatile 

6 Acetone volatile 

7 Isopropyl myristate Non volatile 

8 Propylene glycol Non volatile 

Different types of film forming formulations: 

1. Film Forming Solutions 

2. Film Forming Gels 

3. Film forming Emulsions 

 

Figure No. 3: Different types of film-forming formulations 
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Film Forming Solutions: 

Film-forming solutions can be given via metered-dose spray. Many film-forming solutions 

are marketed widely. Axiron® is one of the film-forming formulations containing 

testosterone marketed by Eli Lilly which gives a prolonged release of the hormone via skin. It 

was made using polymer polyvinylpyrrolidone. Ethanol and isopropyl alcohol were used as a 

solvent.39-40 

There is another film-forming antifungal formulation of Terbinafine HCL marketed by 

company GlaxoSmithKline Consumer Healthcare named as Lamisil Once®. It is a solution 

given via metered-dose spray. Polymer used for the preparation was Poly (acrylamide-

coisooctylacrylat), Hydroxypropylcellulose, and Ethanol as a solvent.41 

Hansaplast® Sprühpflaster is a film-forming spray marketed by company Beiersdorf. 

Hansaplast Wound Spray is an easy-to-use spray for the antiseptic cleansing of minor acute 

wounds such as cuts, abrasions, first and minor second-degree burns, and open blisters, by 

mechanical irritation.42The polymers used were Acrylic copolymer, polyurethane polymer. 

Ethanol, water, dimethyl ether were used as solvents. 

Liqui-Patch® by EpinamicsMedSpray® by MedPharm, are the other film-forming spray 

available in the market.43-44 CareFusion created a film-forming iodophor preoperative skin 

preparation. Povidone-iodine, a complex of polyvinylpyrrolidone and triiodide, is dissolved 

in isopropyl alcohol to make Prevail-FX®.43 

 

Film Forming Gels: 

Gels are generally colorless, transparent preparations and are easily applicable on the skin 

with more accurate dosing. The advantage of using film-forming gel preparations instead of 

film-forming solutions is that the formulation is easier to apply due to its semi-solid nature of 

the formulation. The polymer matrix is more viscous than comparable liquid preparations due 

to the added gelling agent, which can be advantageous in the development of sustained-

release dosage form.7 

Kin et al. prepared film-forming hydrogels using film-forming polymers such as polyvinyl 

alcohol and polyvinylpyrrolidone, as well as propylene glycol, ethanol, and water. The gel 
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adhered well to the skin and protected the wound well from outside influences. The gel can 

also be used as a base for drug application on the skin.19 

The team led by Li et al. was successful in developing film-forming hydrogels for the 

transdermal application of tolterodine to treat overactive bladder. One or a combination of 

film-forming polymers such as poloxamer, hydroxypropyl cellulose, hydroxypropyl 

methylcellulose, and methylcellulose were added as a gelling agent after the drug and 

triethanolamine were dissolved in water and ethanol. The permeation and penetration 

experiments revealed that tolterodine penetrated quickly into the stratum corneum, where it 

formed a depot. When compared to oral bioavailability, the bioavailability was sufficient for 

transdermal action. The researchers were able to demonstrate that active substances can be 

applied transdermally using film-forming gels in general.46 

Film-forming Emulsions: 

Emulsions are widely used as cosmetic and pharmaceutical formulations because of their 

excellent solubilizing capacities for lipophilic and hydrophilic active ingredients and 

application acceptability. Emulsions are liquid preparations that are usually made up of two 

phases: oil and water. Because they are thermodynamically unstable, they are usually 

stabilized using an emulsifier. It has the advantage that both hydrophilic and lipophilic drugs 

can be added into the two-phase or multi-phase system.47 The emulsion is usually preferred 

by patients due to its lower viscosity so has great importance in aesthetic preparations.48 

The polymer is dissolved or dispersed in the volatile solvent and forms the continuous phase 

in this type of emulsion. The viscosity of the polymer phase increases as the solvent 

evaporates, stabilizing the inner phase. The active ingredient is found in the dispersed phase's 

droplets and diffuses into the skin via the polymer matrix.47 By developing a film-forming 

emulsion, Lunter et al. were able to achieve a sustained release of the active ingredient 

nonivamide. The dispersed phase of the emulsion was formed by dissolving nonivamide in 

medium-chain triglycerides.82-83 
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Formulation of film-forming systems 

1, 7  

Figure No. 4: Formulation of film-forming systems 

FFS formulations typically include a drug, excipients (polymers and plasticizers, as well as 

additives like penetration enhancers), and volatile solvents that can turn a liquid or semi-

solid into a film on the skin's surface after application. As a result, several factors, such as the 

physicochemical environment, the properties of drugs, the types and concentrations of 

polymer and plasticizer, and the role of additives must be considered. The rate of drug release 

through the skin will be determined by the formulation and the solvent evaporation by drug 

saturation modulation. 

Evaluations of the Film Forming System: 

1. PH: 

For the normal skin pH ranging from 4–6.63 Diabetic wound’s pH ranges from 6.5–8, 

whereas a faster healing period for burns occurs below pH 7.32.64-65The preparation's pH 

adjustment aims to prevent irritation and changes in the wound's physiological condition 

during the healing process. Furthermore, depending on the degree of ionization, the pH value 

of the dosage can affect the permeation of drugs through the skin.66 
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2. Viscosity: 

Viscosity is a very important parameter for the spreadability of the film-forming solution. For 

good spraydability, the viscosity must be optimum. The coverage area of spray can be 

reduced by increasing viscosity.69-70The concentration of film-forming polymers in the 

formulation is responsible for the viscosity. In case of gel, lower the viscosity better is the 

drying time.24 

3. Film’s tensile strength:71 

The film's tensile strength (TS) is its ability to withstand applied pressure. The goal of TS 

testing is to see if the resulting film is abrasion-resistant and flexible enough to follow the 

movement of the skin without cracking.  It can be calculated by the formula below. 

TS =  

Where, Fm is the maximum pressure that can be held by the film before tearing, 

L is the thickness of the film, and 

W is the initial width of the film. 

After stretching elongation which describes the elasticity of the film can be can found by 

formula given below. 

EB  

Where, lmax is the length of the film before the film is torn when pulled andL0 is the initial 

length of the film. 

4. Surface Morphology of the Film: 

Using scanning electron microscopy (SEM) or transmission electron microscopy, this test is 

carried out to determine the microscopic shape, surface roughness, and homogeneity of the 

film (TEM). 24, 72 
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5. Drying time: 

To determine how quickly the film forms after the solution is sprayed, the drying time of the 

film is measured. The solution is sprayed on the glass surface and then allowed to dry at room 

temperature. Drying time can be measured by using a paper or using a glass slide. 1, 73-75 

6. Spray Angle, Pattern, and Droplet Size Distribution74 

Paper that has been soaked in indicator reagents are used to make spray pattern 

visualize.  The pattern and spray droplet size distribution will be clarified by using solvent-

sensitive paper. The area covered and the spray angle are then determined by measuring the 

pattern's diameter. 

7. Drug Content per Spray and Uniformity 

Each spray's dose uniformity is determined by weighing or measuring its volume, which is 

then used to calculate the amount of active substance based on its concentration in the film-

forming solution. Collecting the sprayed solution and measuring it instrumentally can also be 

used to determine the active substance level74. 

The film-forming solution is used to determine how much spray volume comes out.The 

weight of the film-forming solution remaining in the sprayer should be determined rather 

than the weight of the liquid coming out of the nozzle. Because the spray droplets are so 

small and easily carried by the wind, it is unlikely that all of it will be collected and weighed. 

The spray volume is calculated using the equation below74. 

8. In vitro Drug Release Study.[1, 75, 76, 77] 

Using Franz diffusion cells, cellulose membranes with a pore size of 0.45 m, nylon 

membranes with a pore size of 0.22 mm, or silicone membranes are used as compartment 

separators. Phosphate buffer pH 7.4 was used as a medium. The film-forming solution is 

placed in the donor compartment after the compartment system is ready. The solution that 

diffuses through the cells is collected at regular intervals and then measured with an 

instrument. After collecting samples, the same volume of fluid is replaced. 

9. Ex-vivo Skin Permeation Study.78 

Franz diffusion cells can be used to test drug permeation on the abdominal skin of mice or 

rabbits. Using a cotton swab soaked in propanol or isopropanol, the skin is cleaned of all 



www.ijppr.humanjournals.com 

Citation: Reshma N. Mirajkar et al. Ijppr.Human, 2022; Vol. 24 (3): 389-405. 402 

attached fat tissue and then washed with normal saline solution. Phosphate buffer pH 7.4 or 

acetate pH 6.0 are used as diffusion media. Medium flow is achieved in the receptor 

compartment using flow-through cells connected to silica tubes at speeds of 0.3 mL-0.6 

mL/hr. The film-forming solution is placed in the donor compartment once the compartment 

system is ready. The drug levels are then measured using an instrument after aliquots are 

taken from the receptor compartment at specific time intervals. At the same time, a new 

diffusion medium is added to replace the old one. 

CONCLUSION: 

FFSs have been shown to have therapeutic potential in a number of studies. The efforts to 

design controlled drug release FFSs are expected to show effective system for modulating 

drug release. Both natural and synthetic polymers can be useg to prepare the film-forming 

formulations. There is wide variety of options of the film-forming formulations like solvent, 

gel and emulsions too. Metered-dose sprays give more accurate dose with more ease for 

application. Patient compliance is expected to increase with the help of this concept. 
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