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Topical film forming systems are such developing drug delivery

systems meant for topical application to the skin, which adhere to the
body, forming a thin transparent film and provide delivery of the active ingredients to the
body tissue. These are developed for skin application as emollient or protective and for local
action or transdermal penetration of medicament for systemic applications. The transparency
is an appreciable feature of this polymeric system which greatly influences the patient
acceptance. In this review, the film forming systems are referred as a promising choice for
topical and transdermal drug delivery. The various formulation available, various film
forming agents, advantages and evaluation of transdermal drug delivery systems have also

been reviewed.
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1. INTRODUCTION

Transdermal drug delivery system (TDDS) is the integral part of novel drug delivery system.
It is defined as self — contained discrete dosage form which when applied transdermally
provides systemic circulation at controlled rate.™! Transdermal drug delivery is a new
approach to provide prolonged action of the drug with low toxicity and better patient
compliance and thus reduces the side effect caused by oral route.!”! The primary objective of
controlled drug delivery is to ensure safety and efficacy of the drugs as well as patients
compliance. TDDS is one of the systems lying under the category of controlled drug delivery;
in which the aim is to deliver the drug through skin in a predetermined and controlled rate.™
TDDS increase the patient compliance and reduces the loads as compared to oral route.
Transdermal formulation maintain drug concentration within the therapeutic window for
prolong period of time ensuring that drug levels neither fall below minimum efficacy
concentration nor exceed the maximum effective concentration.™!

The skin of an average adult body has appropriately 2m2 surface area and it receives one -
third of the total blood circulating throughout the body.® Film forming system is a novel
approach which can be used as an alternative to conventional topical and transdermal
formulations. It is defined as non — solid dosage form that produces a film in situ, i.e., after
application on the skin or any other body surface. These systems contain the drug and film
forming excipients in a vehicle which upon contact with the skin, leaves behind a film of
excipients along with the drug upon solvent evaporation. The formed film can either be a
solid polymeric material that acts as matrix for sustained release of drug to the skin or a
residual liquid film which is rapidly absorbed in the stratum corneum.!”® Skin is the most
intensive and readily accessible organ of the body as only a fraction of millimeter of tissue

separates its surface from the underlying capillary network.
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Fig. 1: Structure of Skin.

1.1 Transdermal permeation

Earlier skin was considered as an impermeable protective barrier, but later investigations
were carried out which proved the utility of skin as a route for systemic administration.*%
The various steps involved in transport of drug from patch to systemic circulation are as
follows.

e Diffusion drug from drug reservoir to the rate controlling membrane.

e Diffusion of drug from rate controlling membrane to stratum corneum.

e Sorption by stratum corneum and penetration through viable epidermis.

e Uptake of drug by capillary network in the dermal papillary layer.

1.2 Mechanism of film formation and permeation

Film forming system is applied directly to the skin and it forms a thin, transparent film in-situ
upon solvent evaporation. After application of the formulation to the skin, the composition of
the film forming system changes significantly due to the loss of the volatile components of
the vehicle which results in formation of residual film on the skin surface. In this process the
concentration of drug increases, reaching saturation results in the enhanced drug flux through
the skin by increasing the thermodynamic activity of the formation without affecting the
skin’s barrier, thereby reducing the side effects or irritation.*"
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1.3 Applications of film forming systems

Film forming systems were predominantly used in the field of surgery or wound healing.
Solutions or gels, which have the capacity of film forming, have been used as tissue glues for
the closing of operative wounds. The film forming agents used for this purpose are obtained
from either natural or synthetic source. These preparations are mainly without drugs or with
antimicrobial agents to prevent infections in the wounds.*? It can be also used in the
cosmetic field for preparing cosmetic creams, ointments and transparent peel off mask, for
various skin disorders.*® The film forming technology also has potential application as a
substrate for various barrier membranes used in the industry to protect workers from
detergents, acids, bases and other hazardous chemicals, infra — red heat, U \V exposure etc.[*”
2. Film forming formulations

2.1 Sprays and solutions

Film forming solutions and sprays are now available and is an attractive approach in
transdermal dosage form. On the application of solution or sprays to the skin it will

immediately forms a transparent film by solvent evaporation.!*®

2.2 Gels

Gels are defined as semisolid dosage form containing both solid and liquid components. Gels
are most commonly used topical preparations for the treatment of various diseases. Gels
proved to be a good replacement for those formulations which seems to be uncomfortable
when applied by another route such as oral route, as it may lead to peptic ulcers (in excessive
usage of NSAIDS). Hydrogels are the aqueous gels containing hydrophilic polymers that

form three dimensional networks in water.[6!

2.3 Emulsions

Emulsions are semisolid or liquid preparations having the ability to solubilize both lipophilic
and hydrophilic drugs. Pharmaceutical emulsions consist of mixtures of aqueous phase and
oily phases stabilized by suitable emulsifying agents.!*”!

3. Components of film forming systems

3.1. Drug

For transdermal application of film forming systems, the drugs need to have suitable
properties which are independent of the dosage form. Generally the drugs which are

applicable to these systems are highly potent which permeate the skin rapidly, which cause

www.wipr.net | Vol 9, Issue 13,2020. |  1SO 9001:2015 Certified Journal | 242



Anuroop et al. World Journal of Pharmaceutical Research

no skin irritation and which are relatively stable to the enzymes present in the epidermis.
Other properties of the drug like partition coefficient dictate the pathway a drug will follow
through the skin. Second, the molecular weight of drug is an important factor in drug

permeation as small molecules cross human skin than large molecules.

3.2. Polymers

Polymers are the foundation of the FFS and a variety of polymers are available for the
preparation of these systems. In order to achieve the desired film properties, these polymers
can be used alone or in combination with other film forming polymers. These polymers
should form a clear flexible film at skin temperature.'®) The list of polymers and its
properties listed in Table 1.

Table 1: List of polymers.

Polymer Properties

* Produce a light, non-greasy uniform film with good
Hydroxypropyl texture
Methylcellulose (HPMC) * Do not interact significantly with other ingredients
HPMC (E4M, E15, ES0M * Surface active agent, therefore adsorbs water providing
K4M) easy dispersion, lubricity and

comfort feel in occlusive state on application to skin.™!

* Nontoxic, nonirritating, nonallergic material

Ethyl cellulose (EC) » Good film forming properties that form tougher films.*"

* Nonionic, pH insensitive polymer

Hydroxypropyl cellulose « Water soluble.24

* Solubility in water and other solvents
* Adhesive and binding property
« Acts as a bioavailability enhancer.!??

Polyvinyl pyrrolidine (PVP)
(PVP K30, PVP VAG64)

» Water soluble
Polyvinyl alcohol (PVA) * Excellent film forming and adhesive properties
» Nontoxic and biocompatible.[23]

* Excellent film forming ability

* Opens the tight junctions of mucosal membrane, thereby
Chitosan enhancing the paracellular
permeability and penetration of drug
* Controls drug release

[24]

Eudragit (polymethacrylates * Transparent, elastic, self-adhesive

copolymer) . : in[25]
Eudragit RS 100, RL 100, NE, Si(ﬂ(égﬁeidhesmn to the skin
RS 30D, S 100

» Water vapor permeable film

Polydimethylsiloxane (PDMS) | | Adequate substantivity and durable film[®

Acrylates copolymer * Tough, breathable, abrasion resistant films
Avalure® AC 118, AC 120
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3.3. Solvents

The solvents form an important component in film formation. The solvent used in film
forming systems help in solubilizing the drugs as well as have an impact on drug permeation.
Commonly used solvents for topical and transdermal usel®”! are listed in Table 2.

Table 2: List of solvents used in topical delivery.

Category Examples

Glycols Propylene glycols, polyethylene glycols
Ethanol, butanol, isopropanol, benzyl alcohol,

Alcohols .

lanolin alcohols, fatty alcohols

Other solvents | Ethyl acetate, oleic acid, isopropyl myristate

4. Evaluation of transdermal films

4.1 Interaction studies

Excipients are integral components of almost all pharmaceutical dosage forms. The stability
of a formulation amongst other factors depends on the compatibility of the drug with the
excipients. The drug and the excipients must be compatible with one another to produce a
product that is stable, thus it is mandatory to detect any possible physical or chemical
interaction as it can affect the bioavailability and stability of the drug. If the excipients are
new and have not been used in formulations containing the active substance, the
compatibility studies play an important role in formulation development. Interaction studies
are commonly carried out in Thermal analysis, FT-IR, UV and chromatographic techniques
by comparing their physicochemical characters such as assay, melting endotherms,
characteristic wave numbers, absorption maxima etc.[?8!

4.2. Thickness of patch

The thickness of the drug loaded patch is measured in different points by using a digital
micrometer and determines the average thickness and standard deviation for the same to

ensure the thickness of the prepared patch.*"

4.3. Weight uniformity
The prepared patches are to be dried at 60°C for 4hrs before testing. A specified area of patch
is to be cut in different parts of the patch and weigh in digital balance. The average weight

and standard deviation values are to be calculated from the individual weights."!
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4.4. Folding endurance

A strip of specific are is to be cut evenly and repeatedly folded at the same place till it broke.
The number of times the film could be folded at the same place without breaking gave the
value of the folding endurance.”!

4.5. Percentage moisture content

The prepared films are to be weighed individually and to be kept in a desiccator containing
fused calcium chloride at room temperature for 24 hrs. After 24 hrs the films are to be
reweighed and determine the percentage moisture content from the below mentioned
formula.”

Percentage moisture content = [Initial weight- Final weight/ Final weight] x100.

4.6. Percentage moisture uptake

The weighed films are to be kept in a desiccator at room temperature for 24 hrs containing
saturated solution of potassium chloride in order to maintain 84% RH. After 24 hrs the films
are to be reweighed and determine the percentage moisture uptake from the below mentioned
formula.l?!

Percentage moisture uptake = [Final weight- Initial weight/ initial weight] x100.

4.7. Water vapour permeability evaluation

Water vapour permeability can be determined with foam dressing method the air forced oven
is replaced by a natural air circulation oven. The WVP can be determined by the following
formula

WVP=W/A

Where, WVP is expressed in gm/m? per 24hrs,

W is the amount of vapour permeated through the patch expressed in gm/24hrs and A is the
surface area of the exposure samples expressed in m?:?

4.8. Drug content

A specified area of patch is to be dissolved in a suitable solvent in specific volume. Then the
solution is to be filtered through a filter medium and analyse the drug contain with the
suitable method (UV or HPLC technique). Each value represents average of three different

samples.®?
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4.9. Uniformity of dosage test

An accurately weighed portion of the patch is to be cut into small pieces and transferred to a
specific volume volumetric flask, dissolved in a suitable solvent and sonicate for complete
extraction of drug from the patch and made up to the mark with same. The resulting solution
was allowed to settle for about an hour, and the supernatant was suitably diluted to give the
desired concentration with suitable solvent. The solution was filtered using 0.2cm membrane
filter and analysed by suitable analytical technique (UV or HPLC) and the drug content per
piece will be calculated.™*

4.10. Shear adhesion test

This test is to be performed for the measurement of the cohesive strength of an adhesive
polymer. It can be influenced by the molecular weight, the degree of cross linking and the
composition of polymer, type and the amount of tackifier added. An adhesive coated tape is
applied onto a stainless steel plate; a specified weight is hung from the tape, to affect it
pulling in a direction parallel to the plate. Shear adhesion strength is determined by
measuring the time it takes to pull the tape off the plate. The longer the time take for removal,

greater is the shear strength.!**!

4.11. Peel adhesion test

In this test, the force required to remove an adhesive coating form a test substrate is referred
to as peel adhesion. Molecular weight of adhesive polymer, the type and amount of additives
are the variables that determined the peel adhesion properties. A single tape is applied to a
stainless steel plate or a backing membrane of choice and then tape is pulled from the

substrate at a 180° angle, and the force required for tape removed is measured.t*!

4.12. Thumb stack test
It is a qualitative test applied for tack property determination of adhesive. The thumb is

simply pressed on the adhesive and the relative tack property is detected.!**!

4.13. Flatness test

Three longitudinal strips are to be cut from each film at different portion like one from the
center, other one from the left side, and another one from the right side. The length of each
strip was measured and the variation in length because of non-uniformity in flatness was
measured by determining percent constriction, with 0% constriction equivalent to 100%

flatness.l*
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4.14. Rolling ball tack test

This test measures the softness of a polymer that relates to talk. In this test, stainless steel ball
of 7/16 inches in diameter is released on an inclined track so that it rolls down and comes into
contact with horizontal, upward facing adhesive. The distance the ball travels along the
adhesive provides the measurement of tack, which is expressed in inch.=®!

4.15. Quick stick (peel-tack) test

In this test, the tape is pulled away from the substrate at 90°C at a speed of 12 inches/min.
The peel force required breaking the bond between adhesive and substrate is measured and

recorded as tack value, which is expressed in ounces or grams per inch width.*!

4.16. Probe tack test

In this test, the tip of a clean probe with a defined surface roughness is brought into contact
with adhesive, and when a bond is formed between probe and adhesive. The subsequent
removal of the probe mechanically breaks it. The force required to pull the probe away from

the adhesive at fixed rate is recorded as tack and it is expressed in grams.’®!

4.17. Percentage elongation break test
The percentage elongation break is to be determined by noting the length just before the
break point, the percentage elongation can be determined from the below mentioned formula
Elongation percentage = L1-L2 %100

L2
Where, L1is the final length of each strip and L2 is the initial length of each strip.

[36]

4.18. In vitro drug release studies

The paddle over disc method (USP apparatus V) can be employed for assessment of the
release of the drug from the prepared patches. Dry films of known thickness is to be cut into
definite shape, weighed, and fixed over a glass plate with an adhesive. The glass plate was
then placed in a 500-mL of the dissolution medium or phosphate buffer (pH 7.4), and the
apparatus was equilibrated to 32+ 0.5°C. The paddle was then set at a distance of 2.5 cm from
the glass plate and operated at a speed of 50 rpm. Samples (5-mL aliquots) can be withdrawn
at appropriate time intervals up to 24 h and analyzed by UV spectrophotometer or HPLC. The

experiment is to be performed in triplicate and the mean value can be calculated.®
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4.19. In vitro skin permeation studies

An in vitro permeation study can be carried out by using diffusion cell. Full thickness
abdominal skin of male Wistar rats weighing 200 to 250g. Hair from the abdominal region is
to be removed carefully by using a electric clipper; the dermal side of the skin was
thoroughly cleaned with distilled water to remove any adhering tissues or blood vessels,
equilibrated for an hour in dissolution medium or phosphate buffer pH 7.4 before starting the
experiment and was placed on a magnetic stirrer with a small magnetic needle for uniform
distribution of the diffusant. The temperature of the cell was maintained at 32 + 0.5°C using a
thermostatically controlled heater. The isolated rat skin piece is to be mounted between the
compartments of the diffusion cell, with the epidermis facing upward into the donor
compartment. Sample volume of definite volume is to be removed from the receptor
compartment at regular intervals, and an equal volume of fresh medium is to be replaced.
Samples are to be filtered through filtering medium and can be analyzed
spectrophotometrically or HPLC. Flux can be determined directly as the slope of the curve
between the steady-state values of the amount of drug permeated (mg cm-2) vs. time in hours
and permeability coefficients were deduced by dividing the flux by the initial drug load (mg

cm-2).[28]

4.20. Skin irritation study

Skin irritation and sensitization testing can be performed on healthy rabbits (average weight
1.2 to 1.5 kg). The dorsal surface (50cm2) of the rabbit is to be cleaned and remove the hair
from the clean dorsal surface by shaving and clean the surface by using rectified spirit and the
representative formulations can be applied over the skin. The patch is to be removed after 24
hr and the skin is to be observed and classified into 5 grades on the basis of the severity of
skin injury.B®

4.21. Stability studies

Stability studies are to be conducted according to the ICH guidelines by storing the TDDS
samples at 40+£0.5°c and 75+5% RH for 6 months. The samples were withdrawn at 0, 30, 60,
90 and 180 days and analyze suitably for the drug content.!®!

4. CONCLUSION

Transdermal drug delivery system is useful for topical and local action of the drug. The drugs
which shows hepatic first pass effect and unstable in GI conditions are the suitable candidate
for TDDS. Transdermal drug delivery system may be ideal for many injected as well as orally
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given drugs, but many drugs cannot penetrate the skin membrane effectively because of low
permeability of skin barrier. The film forming system presents a novel platform to deliver
drugs to the skin both topical and transdermal. These film forming systems are simple and
offer advantages of transparency, non-greasy, lower skin irritation, wipe off resistance, longer
retention, greater increased dosage flexibility, improved patient compliance and aesthetic
appearance Although considerable work has been done on these systems, not much data are
available on its delivery efficiency. Hence the marketed products available are less.
Additional research is necessary to prove the relevance of film forming system as transdermal
dosage form, but the obtained results are encouraging for further development of this novel

topical drug delivering technology.

5. ACKNOWLEDGEMENT
The authors acknowledge Malik Deenar College of Pharmacy, Kasaragod, Kerala for their

support and encouragement.

REFERENCES

1. Jain NK, Controlled and Novel Drug Delivery. CBS Publishers and Distributors, 2002;
107.

2. Vyas S P and RK Kbhar, Controlled Drug Delivery Concepts and Advances, First edition,
Vallabh Prakshan, 2002; 411-445.

3. Patel RP and AH Baria, Formulation and evaluation considerations of transdermal drug
delivery system. International journal of Pharmaceutical Research, 2011; 3: 1-9.

4. Wikosz MF, Transdermal Drug Delivery: Part I. U.S Pharmacist. Jobson Publication,
2003; 04.

5. Bharadwaj S, GD Gupta and VK Sharma, Topical Gel: A novel approach for drug
delivery. J. Chem. Bio. Phy. Sci., 2012; 2(2): 856-867.

6. Sharma N, Agarwal G, Rana A, et.al. A review; Transdermal drug delivery system a tool
for novel drug delivery system. Int. J. Drug Dev. Res, 2011; 3: 70-84.

7. Mcauley WJ, Caserta F, Hoboken NJ, Film forming and heated systems. In Donelly RF,
Sing TRR, editors. Novel delivery systems for transdermal and intradermal drug delivery.
United states: John Wiley and sons, 2015; 97-107.

8. Kashmira K, Harsha K, Film forming Systems for topical and transdermal drug delivery.
Asian Journal of Pharmaceutical Sciences, 2017; 12: 487-497.

www.wipr.net | Vol 9, Issue 13,2020. |  1SO 9001:2015 Certified Journal | 249



Anuroop et al. World Journal of Pharmaceutical Research

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Verma G, Transdermal drug delivery system, advance development and evaluation-a
review. Int J Pharm Sci Res, 2017; 8(2): 385-00. doi: 10.13040/1JPSR.0975-
8232.8(2).385-00.

Guy RH. Current status and future prospects of transdermal drug delivery, Pharm Res,
1996; 13: 1765-1769.

Frederiksen K, Guy RH, Petersson K, The potential of polymeric film forming systems as
sustained delivery platforms for topical drugs. Expert Opin Drug Deliv, 2015; 13(3):
349- 360.

Bajaj H, Kumar T, Singh V, Film forming gels; a review. Res J Pharm. Bio. Chem. Sci,
2016; 7(4): 2085-2091.

Tech nature peel — off mask, second skin effect, 2019; 9. Awvailable from:
https://www.tech-nature.com/.

Kurpiewska J, Liwkowicz J, The composition of waterproof barrier creams ingredients
and their barrier properties. CHEMIK, 2012; 66(9): 991-996.

Zurdo Schroeder I, Franke P, Schefar VF, et.al. Development and characterization of film
forming polymeric solutions for skin drug delivery. Eur. J. Pharm. Biopharm, 2007,
65(1): 111-121.

Nerkar TS, Gujarathi NA, Rane BR, et al. In-situ gel: novel approach in sustained and
controlled drug delivery system. Pharma Sci Monitor An Int J Pharm Sci, 2013; 4(4):
1-18.

Otto A, du Plessis J, Wiechers JW. Formulation effects of topical emulsions on
transdermal and dermal delivery. Int J. Cosmet Sci, 2009; 31(1): 1-19.

Karki S, Kim H, Na SJ, et al. Thin films as an emerging platform for drug delivery. Asian
J Pharm Sci, 2016; 11(5): 559-574.

Vijaya R, Pratheeba C, Anuzvi A, et al. Study of the hydroxyl propyl methyl cellulose
(hpmc) combinations in the development of transdermal film for amitriptyline HCI and
their in vitro characterization. Int J Pharm Chem Biol Sci, 2015; 5(3): 548-556.

Patel DP, Setty CM, Mistry GN, et al. Development and evaluation of ethyl cellulose-
based transdermal films of furosemide for improved in vitro skin permeation. AAPS
Pharm Sci Tech, 2009; 10(2): 437-442.

Klucel™ hydroxypropylcellulose physical and chemical properties, 2017; 21. Available
from: www.ashland.com.

Buhler V. Polyvinylpyrrolidone excipients for pharmaceuticals povidone, crospovidone,
and copovidone. Berlin: Springer-Verlag Berlin and Heidelberg GmbH & Co. K, 2004.

www.wipr.net | Vol 9, Issue 13,2020. |  1SO 9001:2015 Certified Journal | 250



Anuroop et al. World Journal of Pharmaceutical Research

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kwon JS, Kim DY, Seo HW, et al. Preparation of erythromycin-loaded poly
(vinylalcohol) film and investigation of its feasibility as a transdermal delivery carrier.
Tissue Eng Regen Med, 2014; 11(3): 211-216.

Sun Y, Cui F, Shi K, et al. The effect of chitosan molecular weight on the characteristics
of spray-dried methotrexateloaded chitosan microspheres for nasal administration. Drug
Dev Ind Pharm, 2009; 35(3): 379-386.

Joshi M. Role of eudragit in targeted drug delivery. Int J Curr Pharm Res, 2013; 5(2):
58-62.

Klykken P, Servinski M, Thomas X Silicone film-forming technologies for health care
applications. Dow Corning, 1- 8.

Williams AC, Walters KA. Chemical penetration enhancement: possibilities and
problems. In: Walters KA, Roberts MS, editors. Dermatologic, cosmeceutic, and cosmetic
development: therapeutic and novel approaches. NewYork: Informa Healthcare, 2007,
502.

Mayorga P, Puisieux F and Couarraze G. Formulation study of a Transdermal delivery
system of primaquine. Int. J. pharm, 1996; 132: 71-79.

Deo M.R, Sant V.P, Parekh S.R, Khopade A.J; Proliposome-based Transdermal delivery
of levonorgestrel. Jour. Biomat. Appl, 1997; 12: 77-88.

Yan-yu X, Yun- mei S, Zhi-Peng C and Qi-nerg P. Preparation of silymarin
proliposomes; A new way to increase oral bioavailability of silymarin in beagle dogs. Int.
pharm, 2006; 319: 162-168.

Mukherjee B, Kanupriya, Mahapatra S, Das S, Patra B. Sorbitan monolaurate 20 as a
potential skin permeation enhancer in transdermal patches, J Applied Research, 2005; 5:
96-107.

Crawford R.R and Esmerian O.K. Effect of plasticizers on some physical properties of
cellulose acetate phthalate films. J. Pharm. Sci, 1997; 60: 312-314.

Singh J, Tripathi K.T and Sakia T.R. Effect of penetration enhancers on the invitro
transport of ephedrine through rate skin and human epidermis from matrix based
Transdermal formulations. Drug Dev. Ind. Pharm, 1993; 19: 1623-1628.

Wade A, Weller P.J. Handbook of pharmaceutical Excipients. Washington, DC:
American Pharmaceutical Publishing Association, 1994: 362-366.

Shaila L, Pandey S and Udupa N. Design and evaluation of matrix type membrane
controlled Transdermal drug delivery system of nicotin suitable for use in smoking
cessation. Indian Journ. Pharm. Sci, 2006; 68: 179-184.

www.wipr.net | Vol 9, Issue 13,2020. |  1SO 9001:2015 Certified Journal | 251



Anuroop et al. World Journal of Pharmaceutical Research
36. Rhaghuram reddy k, Muttalik S and Reddy S. Once — daily sustained- release matrix

tablets of nicorandil: formulation and in vitro evaluation. PharmSciTech, 2003; 4(4):
480-488.

www.wipr.net | Vol 9, Issue 13,2020. |  1SO 9001:2015 Certified Journal | 252



