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Abstract: 

Transdermal patches have emerged as a versatile drug delivery system offering advantages 

such as sustained release, improved patient compliance, and reduced side effects compared to 

traditional oral formulations. This review provides a comprehensive evaluation of recent 

advances and challenges in transdermal patch technology. Key advancements include novel 

materials for patch construction, enhanced permeation enhancers, and innovative methods for 

drug incorporation. Challenges such as skin barrier limitations, variability in drug absorption, 

and regulatory hurdles are also discussed. The integration of nanotechnology, microfabrication 

techniques, and smart materials into patch design shows promise for overcoming current 

limitations. Future directions focus on personalized medicine approaches and the development 

of patches capable of delivering a broader range of drugs with improved efficacy and safety 

profiles. 
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Introduction: 

Transdermal patches represent an innovative drug delivery system designed to administer 

medication through the skin for systemic distribution. These patches adhere to the skin and 

release drugs in a controlled manner over an extended period, bypassing the gastrointestinal 

route and potentially enhancing therapeutic efficacy while minimizing side effects. [1] 

The concept of transdermal drug delivery dates back several decades, with significant 

advancements in formulation technology and materials contributing to their widespread 

application today. Initially introduced commercially in the 1980s, transdermal patches have 

since evolved to encompass a wide range of therapeutic areas, including pain management, 

hormone replacement therapy, and cardiovascular diseases. [2] 

These patches are designed to overcome challenges such as variable absorption rates and first-

pass metabolism associated with oral medications. By delivering drugs directly through the 

skin, transdermal patches offer advantages such as improved patient compliance, steady plasma 

concentrations, and reduced dosing frequency. 
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Transdermal patches represent a significant advancement in drug delivery systems, offering a 

non-invasive and convenient method for administering medications through the skin. This 

technology allows for the controlled release of drugs into the systemic circulation over an 

extended period, thereby bypassing the gastrointestinal tract and potentially improving 

therapeutic outcomes while minimizing side effects. [3] 

 

Advantages of Transdermal Patches [4,5] 

Transdermal patches offer several advantages over other routes of drug administration: 

1. Non-invasive: Patches are applied to the skin without the need for needles or invasive 

procedures, reducing patient discomfort and risk of infection. 

2. Steady Drug Delivery: They provide a constant and controlled release of the drug, minimizing 

fluctuations in drug levels in the bloodstream and potentially reducing side effects. 

3. Improved Patient Compliance: Patches are easy to apply and require less frequent dosing 

compared to oral medications, which may improve patient adherence to treatment regimens. 

4. Avoidance of First-pass Metabolism: Drugs delivered via transdermal patches can bypass 

first-pass metabolism in the liver, resulting in higher bioavailability and more predictable 

pharmacokinetics. 

 

Disadvantages of Transdermal Patches: [6,7] 

1. Limited Drug Delivery Rate: 

Transdermal patches are suitable for drugs that can permeate the skin's barrier effectively. 

However, the skin's ability to absorb drugs varies greatly depending on the molecule's size, 

lipophilicity, and charge, which restricts the types of drugs that can be delivered effectively via 

this route. 

2. Skin Irritation and Sensitivity: 

The adhesive used in transdermal patches can sometimes cause skin irritation or allergic 

reactions, leading to discomfort or necessitating discontinuation of treatment for some 

individuals (Guy, 2015). 

3. Size Limitations: 

Due to the limited surface area available for application, transdermal patches can only deliver 

drugs in relatively small doses. This constraint may limit their use for medications requiring 

higher doses or for drugs with large molecular sizes. 

4. Slow Onset of Action: 

Transdermal patches typically deliver drugs slowly and steadily over time, resulting in a 

delayed onset of action compared to other routes of administration such as intravenous or oral 

delivery. 

5. Drug Interactions and Compatibility: 

Some drugs may interact with components of the patch or undergo chemical degradation when 

formulated into a transdermal delivery system. This can affect the stability and efficacy of the 

drug. 

6. Complex Formulation Requirements: 

Developing transdermal patches requires careful formulation to ensure the drug's stability, 

controlled release profile, and skin permeation properties. This complexity can increase 

development costs and time compared to other dosage forms (Guy, 2015). 
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7. Patient Compliance Issues: 

While transdermal patches can improve compliance compared to oral medications by reducing 

dosing frequency, adherence may still be affected by factors such as patch application errors or 

discomfort. 

Mechanism of Action: 

Transdermal patches function by adhering to the skin and delivering drugs through the various 

layers of the skin (epidermis, dermis, and sometimes into the systemic circulation). The patches 

are composed of several layers, each serving a specific purpose: a backing layer to provide 

structural support, a drug reservoir or matrix layer where the drug is contained, an adhesive 

layer to ensure proper adhesion to the skin, and sometimes a release liner that is removed before 

application. [8] 

The drug is released from the patch at a controlled rate, dictated by factors such as the 

composition of the patch, the physicochemical properties of the drug, and the design of the 

delivery system itself. This controlled release mechanism helps maintain steady plasma 

concentrations of the drug, which can lead to improved therapeutic efficacy and reduced 

frequency of dosing compared to conventional oral medications. [9] 

Materials Used in Transdermal Patch Formulation: [10] 

Natural Polymers: e.g. cellulose derivatives, zein, gelatin, shellac, waxes, gums, natural rubber 

and chitosan etc.  

 Synthetic Elastomers: e.g. polybutadiene, hydrin rubber, silicon rubber, polyisobutylene, 

acrylonitrile, neoprene, butyl rubber etc.  

 Synthetic Polymers: e.g. polyvinylalcohol, polyvinylchloride, polyethylene, polypropylene, 

polyacrylate, polyamide, polyurea, polyvinylpyrrolidone, polymethylmethacrylate etc. (Nikhil 

Sharma, 2012; Saurabh Pandey). 

Drugs: Some of ideal properties of drug & some factors to be contemplate throughout 

preparation of transdermal patches are as follows:  

Permeation Enhancers: The chemical compounds that enhance the permeableness of horny 

layer thus on attain therapeutic levels of the drug candidate. They improve the permeability by 

interacting with Stratum corneum.  

a) Ideal Properties of Permeation Enhancers  

 They should be non-irritating, non-toxic & non- allergic.  

 They should not bind to receptor site i.e. not showing any pharmacological activity.  

 It can easily remove from the smooth surface without leaving a residue on it.  

 Polyacrylates  

 Polyisobutylene  

 Silicon based adhesives 

 

Methods of Preparation of TDDS: [11-13] 

a) Asymmetric TPX membrane method. 

b) Circular Teflon mould method.  

c) Mercury substrate method.  

d) By using “IPM membranes” method.  

e) By using “EVAC membranes” method.  
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f) Preparation of TDDS by using Pro-liposomes.  

g) By using free film method. 

a) Asymmetric TPX Membrane Method: This technique was discovered by Berner Associate 

in Nursing d John in 1994. By this method model patch will be ready by victimization heat 

sealable polyester film (type 1009, 3m) with a dished of 1cm diameter because the backing 

membrane. Drug distributed on concave membrane, coated by a TPX [poly (4-methyl-1- 

pentene)] uneven membrane, and sealed by an adhesive.  

 

Preparation: These are made by using a method called dry or wet inversion. In this, TPX is 

converted to a polymer solution by dissolving it at 60 °C in a mixture of solvent (cyclohexane) 

and non-solvent additives. The polymer solution is cast on a glass plate after being maintained 

at 40°C for 24 hours. The casting film is then evaporated at 50°C for 30 seconds, after which 

the glass plate must be immediately submerged in a coagulation bath with a constant 

temperature of 25°C. The membrane can be extracted after 10 minutes of soaking and allowed 

to air dry for 12 hours in a circulation oven at 50°C. 

 

b) Circular Teflon Mould Method: 

In 1989, Baker and Heller made the discovery. As an organic solvent, polymeric solutions in 

various ratios are utilised. The answer is then split into two halves. The prescribed amount of 

medicine is dissolved in one portion, while varied concentrations of enhancers are dissolved in 

the other, and the two parts are then combined. The drug polymer solution is then given a 

plasticizer (such as Di-Nbutylphthalate). The entire mixture must be mixed for 12 hours before 

being placed into a Teflon mould with a circle shape. In order to manage solvent vaporisation 

in a laminar flow hood model with an air speed of 0.5 m/s, the moulds must be set on a flat 

surface and covered with an inverted funnel. 24 hours are given for the solvent to evaporate. A 

dry film was then formed and must be stored for an additional 24 h at 25 ± 0.5 °C in a desiccator 

containing silica gel prior to evaluation to eliminate the effects of aging. 

c) Mercury Substrate Method: In this method, the drug and plasticizer are dissolved in the 

polymer solution. It was stirred for 10-15 min to produce a uniform dispersion, after which it 

was poured onto a flat mercury surface, covered with an inverted funnel to control solvent 

evaporation. 

d) By Using “IPM Membranes” Method: In the combination of water & polymer (propylene 

glycol containing Carbomer 940 polymer) drug get dispersed and stirred for 12 hrs in magnetic 

stirrer. The dispersion is to be neutralized and made viscous via way of means of the addition 

of tri ethanol amine. If the drug solubility in aqueous answer could be very bad then answer 

gel is received via way of means of the usage of Buffer pH 7.4. The shaped gel might be 

included with in-side the IPM membrane. [14] 

e) By Using “EVAC Membranes” Method: For the preparation of TDS, polyethylene (PE), 

ethylene vinyl acetate copolymer (EVAC) membrane is wanted as price manages membrane. 

If the drug is insoluble in water then use propylene glycol for gel guidance. Drug is dissolved 

in propylene glycol, Carbopol resin may be delivered to the above answer and neutralized via 

way of means of the usage of 5% w/w sodium hydroxide answer. The drug (in gel form) is 

located on a sheet of backing layer over laying the desired area. A price controlling membrane 
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may be located over the gel and the rims may be sealed via way of means of warmth to acquire 

a leak evidence device. [15] 

f) Aliquot of the organic solution is introduced into the spherical bell-bottom flask at 37°C, when 

complete drying second aliquots (0.5ml) of the {answer} is to be added. After the last loading, 

the flask Preparation of TDDS by victimization pro-liposomes: By carrier methodology using 

film deposition technique pro-liposomes are prepared. Drug and phosphor lipid magnitude 

relation ought to be 0.1:2.0 taken as an optimized one from previous references. For the 

preparation of pro-liposomes in 100ml round bottom flask take 5mg of diuretic powder, then 

it's unbroken at 60-70°c temperature and therefore the flask is turned at 80-90 rate and dried 

the mannitol at vacuum for thirty minutes. when drying, the temperature of the water bathtub 

is adjusted to 20- 30°C. Drug and lecithin are dissolved during a appropriate organic solvent 

mixture, a 0.5ml containing pro-liposomes are connected in a lyophilizes and later on drug 

loaded diuretic powders (pro-liposomes) are placed in a desiccators night long then sieved 

through a hundred mesh. The collected powder is transferred into a glass bottle and hold on at 

the freeze temperature till characterization. [14,15] 

 

Evaluation Tests of Transdermal Patches: [16-19] 

1. Physical Appearance and Dimensions: 

The physical appearance and dimensions of transdermal patches are critical aspects that 

influence their usability, adherence to skin, and overall effectiveness in drug delivery. These 

characteristics are evaluated to ensure uniformity and consistency across batches. Transdermal 

patches come in various sizes and shapes, depending on the specific drug formulation and 

intended application site. Typical shapes include circular, square, rectangular, or custom shapes 

designed to optimize drug delivery and patient comfort. The dimensions of transdermal patches 

vary based on factors such as drug dosage, release rate requirements, and surface area needed 

for effective skin contact. Common dimensions range from a few square centimetres to larger 

sizes, with thickness generally ranging from 0.1 to 0.5 millimetres. 

2. Drug Content Uniformity: 

Drug content uniformity is a critical parameter in the evaluation of transdermal patches, 

ensuring that each patch delivers the intended dose of medication consistently. Variations in 

drug content can affect therapeutic efficacy and patient safety 

3. In Vitro Drug Release Studies: 

In vitro drug release studies are essential for evaluating the performance and efficacy of 

transdermal patches. These studies provide crucial insights into how drugs are released from 

the patch and their diffusion through the skin, helping to optimize formulation and ensure 

consistent delivery. 

4. Skin Irritation or Sensitization Testing: 

Skin irritation and sensitization testing are crucial aspects of assessing the safety and 

tolerability of transdermal patches. These tests evaluate the potential for adverse skin reactions 

caused by the patch or its components, ensuring patient safety and regulatory compliance. Skin 

irritation and sensitization are common concerns associated with transdermal patches due to 

prolonged skin contact and exposure to patch components. These tests provide essential 

information on potential risks and help manufacturers mitigate adverse effects before patches 

are marketed for clinical use.  
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5. Skin Permeation Testing: 

Skin permeation testing is a fundamental aspect of evaluating the efficacy and performance of 

transdermal patches. These tests assess the ability of drugs to penetrate through the skin barrier, 

providing crucial data on drug delivery kinetics, absorption rates, and potential therapeutic 

efficacy. 

6. Stability Studies:  

Stability studies of transdermal patches are essential to assess their physical, chemical, and 

microbiological stability over time under various storage conditions. These studies ensure that 

the patches maintain their quality, efficacy, and safety throughout their shelf life. 

 

Conclusion: 

In conclusion, the evolution of transdermal patch technology represents a significant 

advancement in drug delivery systems, offering distinct advantages over conventional routes 

such as oral administration. This comprehensive evaluation has highlighted the remarkable 

progress made in enhancing patch design, optimizing drug formulations, and overcoming 

challenges related to skin permeation and regulatory approval. Key advancements include the 

development of novel materials for patch construction, innovative permeation enhancers, and 

the integration of nanotechnology and microneedle technology. These innovations have 

collectively improved drug delivery efficiency, sustained release profiles, and patient 

compliance while minimizing systemic side effects. 
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