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ABSTRACT: Oral drug delivery is widely used, is 

often limited by first-pass hepatic metabolism and 

drug degradation in the gastrointestinal tract due to 

enzymatic activity and fluctuating pH levels. 

Transdermal drug delivery systemsoffer an effective 

alternative by delivering drugs through intact skin 

using medicated adhesive patches, enabling 

sustained and controlled systemic release. Recent 

advances in nanotechnology have significantly 

enhanced the performance of transdermal and 

topical delivery by improving skin permeation, drug 

stability and release control. Nanocarriers, owing to 

their submicron size and large surface area, facilitate 

drug accumulation in hair follicles and promote 

penetration across the stratum corneum into deeper 

skin layers. These nanoparticles can be formulated 

from diverse materials, including carbon-based, 

metallic, metal oxideand organic compounds. This 

review summarizes the principles of nanoparticle 

preparation and evaluation, with a focus on 

nanoparticle-loaded transdermal patches. Recent 

innovations in advanced transdermal 

patchesfeaturing enhanced skin penetration, higher 

drug-loading capacityand controlled or 

stimuliresponsive releaseare also highlighted. 

Overall, nanotechnology-based TDDS represent a 

rapidly advancing field with substantial potential for 

future drug delivery applications. 
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The oral route is the most extensively 

utilized route of drug delivery; nonetheless, it is 

associated with various limitations such as first-pass 

hepatic metabolism and drug degradation in the 

gastrointestinal tract due to enzyme activity and 

fluctuating pH conditions. To overcome these 

disadvantages, a novel drug delivery strategy was 

presented by Chien (1992), Banker (1990) and Guy 

(1996) in the form of transdermal drug delivery 

systems (TDDS). Transdermal patches enable the 

regulated distribution of medications across the skin, 

so bypassing the gastrointestinal tract and hepatic 

first-pass impact. These systems have been 

successfully applied in the treatment of numerous 

skin illnesses and in the management of systemic 

conditions such as angina pectoris, pain, smoking 

cessation and neurological disorders including 

Parkinson’s disease.[1] 

Pharmaceutical dosage forms known as 

transdermal drug delivery systems or transdermal 

patches, are made to transfer a therapeutically 

effective quantity of medication through the skin 

and into the bloodstream. In addition to improving 

the safety and effectiveness of current drug 

molecules, the development of innovative drug 

delivery methods, like transdermal delivery, also 

aims to increase patient compliance and guarantee 

the best possible therapeutic results. The U.S. FDA 

approved the first transdermal patch, scopolamine, 

in 1979 to prevent motion sickness. A second 

transdermal patch was approved in 1981.Since then, 

a number of transdermal patches for a range of 

medicinal uses have been made commercially 

available. Transdermal patches are usually made to 

administer drugs for one to seven days, depending 

on the substance and formulation. Medicated 

adhesive patches with one or more active and inert 

ingredients are applied to undamaged skin using this 

delivery method. After being applied, the 

medication breaks through the skin's barriers and 

enters the bloodstream, resulting in regulated and 

prolonged drug release. 

 

Anatomy of skin  

The biggest organ in the human body, the 

skin serves as a significant permeability barrier that 

prevents many chemical and biological compounds 

from being absorbed via the skin. Its thickness 

ranges from around 0.5 mm in the eyelids to about 

4.0 mm in the heels of the feet, making it one of the 

most easily accessible organs. In addition to 
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protecting the body from physical, chemical, and 

microbial harm, the skin is essential for 

thermoregulation since it regulates body 

temperature. It also helps control blood pressure and 

shields the body from UV rays. The skin has a major 

impact on how well therapeutic drugs penetrate and 

are absorbed through the dermal layers in this 

medication delivery method.The diffusional 

resistance of the skin is largely governed by its 

anatomical organization and ultrastructural 

characteristics. Human skin is composed of three 

structurally distinct yet interdependent layers; 

epidermis, dermisandhypodermis. 

 

 
Fig 1: Structure of Skin 

 

Epidermis: The thickness of the multilayered 

epidermis, which is roughly 0.8 mm on the palms 

and soles and 0.06 mm on the eyelids, varies based 

on cell size and the number of epidermal cell layers. 

The horny layer, which is the skin's outermost layer, 

is around 10 µm thick when dry but can grow to 

several times that thickness when fully hydrated. It 

is made up of ten to twenty-five layers of 

corneocytes, which are dead, keratinized cells. This 

layer acts as the main obstacle to drug penetration 

despite its flexibility and relative impermeability. A 

wall-like paradigm, in which keratinized cells act as 

protein "bricks" embedded in a lipid "mortar," is 

frequently used to describe the structural 

organization of the horny layer. 

Dermis:The dermis is a layer of connective tissue 

that is roughly 3-5 mm thick and contains nerve 

fibers, lymphatic channels and blood vessels. The 

circulation of blood through the skin is essential for 

controlling body temperature. Additionally, it helps 

the skin eliminate foreign objects and metabolic 

waste while supplying nutrients and oxygen. For the 

majority of chemicals that pass the skin barrier, 

capillaries create sink conditions because they 

extend to within 0.2 mm of the skin's surface. 

Transdermal drug penetration is thus largely driven 

by the concentration differential across the 

epidermis that results from the relatively low 

concentration of permeating molecules within the 

dermis. 

Hypodermis:The hypodermis, sometimes referred 

to as the subcutaneous fat layer, lies beneath the 

dermis and epidermis. This layer helps with 

mechanical cushioning, thermal insulation and 

nutritional support in addition to acting as a 

reservoir for fat. Additionally, it offers a route for 

the main blood vessels and nerves that nourish the 

skin, and it might have sensory receptors that sense 

pressure. While topical medication delivery 

typically limits penetration to the stratum corneum 

with drug retention within the skin layers, 

transdermal drug delivery requires the drug to pass 

through all three layers of the skin in order to enter 

the systemic circulation. 

Conventional types of transdermal patches 

Single-layerdrug-in-adhesive system: The 

medication is directly integrated into the adhesive 

layer of this kind of transdermal patch. The adhesive 

acts as the drug-releasing matrix in addition to 

binding the patch's numerous parts together and 

securing the system to the skin. A detachable release 

liner and a protective backing layer encapsulate the 

sticky layer. 

 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:421-434 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104421434      | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal     Page 423 

 
Fig 2: Single layer drug-in-adhesive system patch 

 

Multi-layer drug-in-adhesive system: Since the 

adhesive layers control drug release, the multi-layer 

drug-in-adhesive patch is similar to the single-layer 

device. Nevertheless, this design includes an extra 

drug-loaded sticky layer that is typically, but not 

always, divided by a membrane. To offer protection 

and structural support, the patch is made out of a 

permanent backing layer and a detachable release 

liner. 

 

 
Fig 3:Multi-layer drug-in-adhesive system patch 

 

Reservoir-type system:The reservoir-type 

transdermal patch has a distinct and clearly defined 

drug reservoir, in contrast to single-layer and multi-

layer drug-in-adhesive systems. Within a liquid 

compartment that is kept apart from the skin by an 

adhesive layer, the medication is present as a 

suspension or solution. A backing layer that ensures 

structural integrity supports this system. Reservoir-

type patches usually release drugs at a steady rate 

over time using zero-order kinetics. 

 
Fig 4: Reservoir-type system patch 

 

Matrix system:The medicine is evenly distributed 

within an adhesive polymer in this method to create 

the drug reservoir. Then, utilizing solvent casting or 

melting methods, like in hot-melt adhesives, the 

medicated adhesive polymer is put onto an 

impermeable backing layer. The drug reservoir's 

surface is covered with non-medicated adhesive 

polymer films to guarantee correct adherence and 

offer protection. 

 

 
Fig 5:Matrix system patch 

Vapour patch:The adhesive layer in this kind of 

patch has two functions; it keeps the patch's layers 

together and makes it easier for vapor to escape. 

Vapour patches are a relatively new technology that 

is frequently used to distribute essential oils to 

reduce congestion in the nose. There are more vapor 

patch compositions that are intended to improve 

sleep quality and lessen cravings for cigarettes.[2] 

Nanotechnology has emerged as a promising 

approach in transdermal and topical drug delivery, 

offering enhanced drug permeation and controlled 

release profiles. Nanocarriers, characterized by their 

submicron size and large specific surface area, 

provide significant advantages in drug delivery 

applications. Their small dimensions allow higher 

drug loading per unit volume, thereby improving 

bioavailability at the target site. Prolonged 

circulation of drugs delivered through nanocarriers 

helps protect the drug from degradation and enables 

sustained release over extended periods. By 

achieving therapeutic effects at lower doses, 

nanocarrier-based systems can reduce adverse 

effects while maintaining efficacy. Furthermore, the 

surface properties of nanocarriers can be tailored to 

accommodate different drugs and targeting ligands, 

enabling precise and site-specific delivery.Drug-

loaded nanoparticles tend to accumulate in hair 

follicles, facilitating penetration through the outer 

layers of the stratum corneum and subsequent 

release into the deeper layers of the skin. [3] 

 

NANOTECHNOLOGY 

The study and use of systems at the nanoscale is the 

focus of the sophisticated and quickly developing 

area of nanotechnology. The Latin word nanus, 

which means dwarf or incredibly little, is where the 

word "nano" originates. Particulate materials with at 

least one dimension less than 100 nm are known as 

nanoparticles, and they are the fundamental building 

blocks of nanotechnology. Numerous materials, 
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such as carbon-based materials, metals, metal oxides 

or organic compounds, can make up these 

nanoparticles. [4] 

Transdermal nanocarriers 

Over the past few decades, the variety of 

nanocarriers that are currently in use has 

significantly increased. The fact that these systems' 

physicochemical properties control how they 

interact with biological surroundings and affect 

cellular internalization is a crucial feature. The size, 

shape, stiffness and surface charge of the 

nanoparticles are important characteristics that 

impact cellular uptake. 

Liposomes:Liposomes are vesicular structures 

made of lipid bilayers that can contain lipophilic 

medications inside the lipid bilayer and hydrophilic 

drugs inside their aqueous core. Alec Bangham 

created them initially by showing that phospholipids 

scattered in aqueous fluids can spontaneously form 

bilayered, hollow vesicles. Liposomes have emerged 

as one of the most popular medicinal nanocarriers 

due to its adaptability and biocompatibility. A 

number of biomedical formulations and medications 

based on liposomes have been approved by 

regulators for clinical use in recent years. 

Liposomes have been thoroughly studied and used 

in the context of transdermal medication 

administration. These systems are usually made up 

of cholesterol and phospholipids, and the 

manufacturing technique and material selection have 

a significant impact on their physicochemical 

properties.Because of their extended residence 

period in the systemic circulation and minimal 

toxicity, liposomes are regarded as extremely ideal 

medication carriers. Particle size, formulation 

characteristics, the use of penetration enhancers, and 

the physiological state of the stratum corneum all 

have an impact on the transdermal penetration of 

liposomes. Lamellarity, lipid content, surface 

charge, application method and total lipid 

concentration are other significant factors. Because 

their lipid components make it easier for them to 

interact with biological membranes, liposomes have 

shown a great deal of success in improving drug 

transport across the skin. Lipophilic medications can 

more easily penetrate the stratum corneum when 

interactions between liposomal lipids and the lipids 

of the stratum corneum alter the structure of the 

outer layers of the skin. 

Transferosomes:Depending on their makeup, some 

liposomes can concentrate in the channel-like areas 

of this layer or pass through the stratum corneum 

due to their highly flexible shape. Osmotic pressure 

is the main force for their movement. 

Transferosomes, also known as 

deformableliposomes, are extremely flexible 

vesicles. 

Ethosomes: Extensive study has focused on 

developing a different kind of flexible liposome, 

which resulted in the invention of ethosomes. 

Alcohol is incorporated into the lipid bilayer of 

these vesicles, increasing their flexibility and 

enabling them to deform under pressure. Because of 

this characteristic, ethosomes can transport 

medications to the skin's deeper layers and even into 

the bloodstream. Ethosomes are thought to be safe, 

efficientand somewhat simple to make, indicating a 

wide range of potential uses in the future. 

Ethosomes are great drug delivery vehicles because 

of their malleability and softness. They can carry 

and encapsulate a variety of substances, including 

cationic medications like propranolol and 

trihexyphenidyl and highly lipophilic medications 

like testosterone and minoxidil.Ethosomes are 

prospective carriers for enhancing therapeutic 

results because of their capacity to transport and 

deliver a variety of medications. They can also make 

it easier for molecules to pass through biological 

barriers like the skin. The next section provides a 

detailed discussion of ethosome applications in 

transdermal medication delivery. 

Niosomes: Niosomes are vesicular systems made of 

low-toxicity, biodegradable lipids like cholesterol 

and non-ionic surfactants. They were created with 

the same goals as ethosomes and transferosomes: to 

produce lipid bilayer systems that are more flexible 

and can reach locations where traditional liposomes 

cannot. These vesicles' stability is further improved 

by the use of non-ionic surfactants. Niosomes were 

first used in the cosmetics sector, but due to their 

adaptability, they are now used in pharmaceutical 

formulations for drug administration. There are 

several ways to deliver them: oral, parenteral, 

ocular, vaginal and transdermal. Particularly in 

transdermal drug administration, niosomes have 

shown promise in delivering a range of medicines, 

including antifungal medications and anti-aging 

chemicals. 

 

Dendrimers:Dendrimers are three-dimensional, 

highly branching, non-peptide macromolecules 

made up of many tiny repeating units. The phrase 

"dendrimer," which was first used in the late 1970s, 

comes from the Greek terms dendra (tree) and 

meros (part). Dendrimers are good candidates for 

drug delivery applications because of their unique 

design, which affords them homogeneous sizes, 

shapes, and molecular weights. They have been 
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investigated for use in vaccine delivery as well as 

antiviral and anticancer treatments. First created by 

Dow Laboratories between 1979 and 1985, 

poly(amidoamine) (PAMAM) is the most widely 

utilized substance for dendrimer production. 

Dendrimers have been thoroughly researched as 

carriers for imaging contrast agents, gene therapy, 

and controlled medication release.They work 

especially well at encasing labile and hydrophobic 

compounds to prevent their degradation. Numerous 

physicochemical parameters, including as 

generation size, molecular weight, surface charge, 

composition, and concentration, affect dendrimers' 

capacity to pierce the skin. Numerous studies have 

shown their promise, despite the fact that their usage 

in transdermal drug administration is relatively new. 

Dendrimers have been effectively used to deliver 

antifungal medicines and photosensitizers for 

photodynamic treatment.[5] 

 

Classification of Nanoparticles  

Organic Nanoparticles 

Micelles, dendrimers, ferritin, and liposomes are 

typical instances of organic nanoparticles. In 

general, these nanoparticles are biodegradable and 

non-toxic. Some varieties, including liposomes and 

micelles, have a hollow core and are sensitive to 

external stimuli like light and heat. These are known 

as nanocapsules. Because of their great efficiency 

and capacity to enable targeted distribution to 

certain areas in the body, organic nanoparticles are 

widely used in the biomedical industry, especially 

for drug delivery. Micelles, dendrimers, and 

liposomes are notable instances of organic 

nanoparticles. 

Inorganic nanoparticles 

Inorganic nanoparticles are particles which are not 

made up of carbon. Metal and metal oxide-based 

nanoparticles categorized as inorganic nanoparticles 

are generally,  

Metal Nanoparticles:Aluminum (Al), cadmium 

(Cd), cobalt (Co), copper (Cu), gold (Au), iron (Fe), 

lead (Pb), silver (Ag) and zinc (Zn) are examples of 

common metals that can be manufactured into 

nanoparticles. Chemical, electrochemical or 

photochemical techniques can be used to create 

these nanoparticles. Metal-ion precursors in solution 

are reduced using chemical reducing agents to create 

metal nanoparticles in chemical synthesis. Because 

of their high surface energy and capacity to adsorb 

tiny molecules, metal nanoparticles are useful in a 

variety of applications, including imaging, 

bioanalytical research, environmental monitoring 

and biomolecule detection. For example, samples 

are often coated with gold nanoparticles before 

scanning electron microscopy in order to improve 

electron conductivity and produce higher-quality 

images.Their unique optical properties further 

expand their utility across multiple research and 

technological fields. 

CeramicNanoparticles: Inorganic solids made of 

oxides, carbides, carbonates and phosphates, 

ceramic nanoparticles are usually produced by 

heating and then carefully cooling. They can be 

amorphous, dense, polycrystalline, porous or hollow 

structures, among other types. These nanoparticles' 

uses in catalysis, photocatalysis and dye 

photodegradation have drawn a lot of attention from 

researchers. Ceramic nanoparticles can also be 

created for drug delivery systems by modifying their 

physical characteristics, especially for targeted 

therapy in diseases like tumours, glaucoma and 

some bacterial infections. 

Semiconductor Nanoparticles: The characteristics 

of semiconductor nanoparticles fall somewhere 

between those of metals and non-metals. The optical 

and electrical characteristics of these nanoparticles 

can be altered by adjusting their large bandgaps. 

They are therefore used in optoelectronics, 

photocatalysis, electronic devices and water-

splitting technologies. Semiconductor nanoparticles 

include silicon and germanium from group IV, ZnO, 

ZnS, CdS, CdSe and CdTe from group II-VIand 

GaN, GaP, InP and InAs from group III-V. They are 

extremely adaptable for a wide range of scientific 

and technological applications due to their special 

qualities. 

Polymeric Nanoparticles(PNPs): polymeric 

nanoparticles-which are mostly organic in nature-are 

referred to as polymer nanoparticles. They can be 

either nanospheres or nanocapsules, depending on 

how they were prepared. The medicine or other 

compounds may be dispersed throughout the matrix 

or adsorbed onto the surface of nanospheres, which 

are solid matrix particles. The medication is fully 

contained in a hollow core that is encased in a 

polymeric shell in nano capsules. Because of their 

great adaptability and ease of functionalization, 

PNPs can be used in a variety of applications. The 

ability to integrate therapeutic and imaging 

capabilities, targeted distribution, controlled drug 

release and protection of labile molecules are some 

of the main benefits of polymeric 

nanoparticles.They are extensively used in drug 

delivery and diagnostic applications due to their 

biocompatibility and biodegradability. 
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Lipid-Based Nanoparticles: Usually spherical in 

shape, lipid nanoparticles have sizes between 10 and 

100 nm. They are made up of a solid lipid core that 

can hold lipophilic molecules and surfactants and 

emulsifiers stabilize the outside surface. These 

nanoparticles are frequently employed in the 

biomedical industry as medication delivery and 

tailored RNA release carriers, especially in cancer 

treatment applications. 

Carbon-Based Nanoparticles 

Fullerenes and carbon nanotubes (CNTs) are the two 

main types of carbon-based nanoparticles. Because 

of their remarkable strengthup to 100 times stronger 

than steelCNTs, which are just graphene sheets 

coiled into cylindrical tubes, are perfect for 

structural reinforcement. Depending on how many 

concentric graphene layers they have, they are 

categorized as single-walled (SWCNTs), double-

walled (DWCNTs), or multi-walled (MWCNTs). 

Because they are conductive throughout their length 

yet insulating throughout the tube, carbon nanotubes 

(CNTs) have special thermal properties. Carbon 

allotropes known as fullerenes are made up of 60 or 

more carbon atoms and form hollow, cage-like 

structures. Buckminster fullerene, a molecule of 

carbon atoms organized in pentagons and hexagons, 

is similar to a hollow soccer ball.Because of their 

electrical conductivity, mechanical strength, and 

electron affinity, both CNTs and fullerenes have 

important economic uses. Vaporized carbon atoms, 

usually from graphite, are deposited onto metal 

particles using an electric arc or laser ablation to 

create carbon nanotubes. Chemical vapor deposition 

(CVD) methods have been used more recently. 

Carbon-based nanoparticles are utilized both in their 

pure state and as constituents of nanocomposites 

because of their unique mechanical, chemical, and 

physical characteristics. Applications include 

supports for different inorganic and organic 

catalysts, gas adsorbents for environmental cleanup, 

and reinforcing fillers.[6] 

Recent innovations in transdermal drug delivery 

system 

Iontophoresis: Iontophoresis is a method that 

improves drug distribution via the skin by using 

physiologically safe electrical currents, usually 

between 0.1 and 1.0 mA/cm². The electrostatic 

pushing force produced by the applied electrical 

current makes it easier for charged molecules to 

enter the skin. Iontophoresis, in contrast to other 

transdermal augmentation techniques, depends on 

both the electrical potential gradient and the drug 

concentration gradient to propel drug transport. This 

dual mechanism enables the delivery of both ionic 

medicines and uncharged molecules, the latter by a 

process known as electro-osmosis. 

Electroporation:Electroporation is a technique that 

improves transdermal medication delivery by using 

brief electrical pulses, usually with DC voltages 

more than 100 volts for a few milliseconds. The 

lipid bilayers of corneocytes, the outermost cells of 

the epidermis, are momentarily perforated or opened 

by these pulses. Electroporation improves drug 

absorption by creating these temporary aqueous 

channels that make it easier for moleculesespecially 

tiny, charged drugsto pass through the skin. 

Sonophoresis:Sonophoresis is a method that 

improves transdermal medication distribution by 

using ultrasonic waves, usually in the frequency 

range of 20 kHz to 16 MHz. By raising the skin's 

warmth, the ultrasound momentarily impairs the 

barrier function and permits medication molecules 

to enter deeper layers of the skin. Drugs are 

frequently applied with a coupling media, like a gel 

or cream, to maximize this process. The ultrasound's 

heat action, which promotes medication penetration, 

is the main mechanism of sonophoresis. The skin 

can be penetrated by these ultrasonic waves to a 

depth of around 4-6 cm. Sonophoresis is used 

therapeutically for ailments like bursitis, tendinitis 

and muscle discomfort in addition to drug delivery. 

Microneedles:In 1976, the idea of microneedles 

was initially presented. The Macroflux technology, 

created more subsequently by ALZA Corp, is 

noteworthy for being compatible with both drug 

coatings and reservoirs. The ability of this novel 

transdermal drug delivery method to administer 

medications using tiny needles has drawn interest. 

The system uses a variety of microneedle kinds, 

including solid microneedles and microneedle 

patches, each of which functions through a different 

process. In particular, hydrogel and dissolving 

microneedles for regulated and minimally invasive 

medication delivery are made using microneedle 

technology. 

Transdermal Drug Delivery SystemsUsing 

Chemical Enhancers [Passive Delivery]: Drugs 

must have a low molecular weight (usually less than 

1 kDa), balanced solubility in both lipophilic and 

hydrophilic environments, a short biological half-

life, and little potential to cause skin irritation in 

order to be delivered transdermally and achieve the 

best possible therapeutic results. Numerous factors 

affect medication penetration through the skin, such 

as the species, age, and anatomical position of the 

skin; skin temperature and condition; application 
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site and duration; moisture levels; pretreatment 

techniques; and the physicochemical qualities of the 

drug. Improving transdermal medication delivery 

technology and comprehending these impacting 

elements have been the main goals of recent 

research in this field.[7] 

Preparation of Nanoparticles 

The choice of a suitable method for nanoparticle 

preparation depends on the physicochemical 

properties of both the polymer and the drug to be 

encapsulated. The main techniques for producing 

nanoparticles from preformed polymers include 

Emulsion-Solvent Evaporation Method: One of 

the most used techniques for creating nanoparticles 

is the emulsion-solvent evaporation approach. The 

polymer solution is emulsified into an aqueous 

phase in the first stage, and the polymer precipitates 

as nanospheres when the solvent evaporates in the 

second. Usually, ultracentrifugation is used to gather 

the resultant nanoparticles, which are then 

lyophilized for storage after being cleaned with 

distilled water to get rid of any remaining stabilizer 

or unencapsulated medication. High-pressure 

emulsification and solvent evaporation are a version 

of this technique that entails making an emulsion, 

homogenizing it under high pressure and then 

stirring to eliminate the organic solvent. 

Temperature, the type and concentration of the 

dispersion agent, the viscosity of the organic and 

aqueous phases and the rate of stirring can all be 

changed to influence the particle size. This approach 

is primarily appropriate for lipophilic medications; 

nevertheless, difficulties in scaling up for large-scale 

manufacture restrict its use. 

Double Emulsion and Evaporation Method: 

Hydrophilic medicines cannot be properly 

encapsulated using the traditional emulsion-solvent 

evaporation process. The double emulsion method is 

employed to get around this. This method creates a 

water-in-oil (w/o) emulsion by adding an aqueous 

solution of the medication to an organic polymer 

solution while vigorously swirling. A water-in-oil-

in-water (w/o/w) emulsion is produced by 

dispersing this main emulsion into a second aqueous 

phase while stirring continuously. The nanoparticles 

are then separated by high-speed centrifugation after 

the solvent is eliminated by evaporation. Before 

lyophilization, the resultant nanoparticles are 

carefully cleaned to get rid of any remaining 

stabilizers or free medication. The amount of 

hydrophilic drug, stabilizer concentration, polymer 

concentration and aqueous phase volume are 

important variables that affect the nanoparticles' 

characteristics. 

Salting-Out Method: The salting-out method relies 

on the salting-out phenomenon to separate a water-

miscible solvent from an aqueous solution. This 

method involves dissolving the polymer and drug in 

an appropriate solvent, which is then emulsified into 

an aqueous gel that contains a colloidal stabilizer 

like polyvinylpyrrolidone or hydroxyethyl cellulose 

along with a salting-out agent like electrolytes (like 

calcium chloride or magnesium chloride) or non-

electrolytes (like sucrose). In order to facilitate 

solvent penetration into the aqueous phase and 

initiate the creation of nanospheres, this oil-in-water 

emulsion is then diluted with an adequate volume of 

water or aqueous solution. Stirring rate, internal-to-

external phase ratio, polymer concentration in the 

organic phase, electrolyte type and concentration 

and stabilizer type in the aqueous phase are just a 

few of the manufacturing parameters that can be 

changed. Nanospheres of polymers like PLA, poly 

(methacrylic acids) and ethyl cellulose are 

frequently created with this technique. It is 

appropriate for heat-sensitive materials since it 

provides high encapsulation efficiency, is readily 

scalable and doesn't require high temperatures. Its 

primary drawbacks, however, are that it may only be 

used with lipophilic medications and that the 

nanoparticles must be thoroughly cleaned. 

Emulsion-Diffusion Method: Another widely used 

approach for preparing nanoparticles is the 

emulsion-diffusion process. This method creates an 

initial thermodynamic equilibrium by dissolving the 

polymer in a somewhat water-miscible solvent, like 

benzyl alcohol or propylene carbonate, that has been 

saturated with water. After that, an aqueous solution 

with a stabilizer is created by emulsifying this 

polymer-water-saturated solvent phase. Depending 

on the oil-to-polymer ratio, the solvent diffuses into 

the external aqueous phase and forms nanospheres 

or nanocapsules. Depending on its boiling point, the 

solvent is then eliminated by either filtration or 

evaporation. High encapsulation efficiency (usually 

over 70%), no need for homogenization, outstanding 

batch-to-batch repeatability, ease of scale-up, 

simplicity and a restricted particle size distribution 

are just a few benefits of this approach.The 

substantial amounts of water that must be extracted 

from the suspension and the possibility of water-

soluble medications leaking into the external 

aqueous phase during emulsification, which might 

lower encapsulation efficiency, are among the 

drawbacks.  

Solvent Displacement / Precipitation Method:A 

premade polymer is precipitated from an organic 

solution while the solvent diffuses into an aqueous 
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medium using the solvent displacement or 

nanoprecipitation process, either with or without a 

surfactant. This method involves dissolving the 

polymer, medication and possibly a lipophilic 

surfactant in a semipolar, water-miscible solvent like 

ethanol or acetone. After that, this solution is 

injected or poured into an aqueous phase with a 

stabilizer while being magnetically stirred. Rapid 

solvent diffusion causes nanoparticles to develop 

practically rapidly and the solvent is then extracted 

from the suspension under low pressure. Particle 

size is greatly influenced by the pace at which the 

organic phase is introduced to the aqueous phase; 

faster mixing tends to decrease both particle size 

and drug entrapment efficiency.For medications that 

are poorly soluble, the nanoprecipitation approach 

works very well. By modifying preparation 

parameters, important properties such particle size, 

drug release and total yield can be successfully 

regulated. For example, smaller nanospheres can be 

produced by adjusting the polymer concentration in 

the organic phase, however this is often restricted to 

a particular range of polymer-to-drug ratios. 

Characterization of Nanoparticles  

Using sophisticated microscopic methods like 

scanning electron microscopy (SEM), transmission 

electron microscopy (TEM) and atomic force 

microscopy (AFM), nanoparticles are usually 

described by their size, shape, and surface charge. 

The physical stability and in vivo behaviour of 

nanoparticles are influenced by the average particle 

size, size distribution and surface charge. 

Determining the general shape of polymeric 

nanoparticles, which can affect their toxicity, is 

especially useful when using electron microscopy. 

Furthermore, the surface charge is essential for 

preserving the nanoparticles' overall in vivo 

performance, redispersibility of the polymer 

dispersion, and physical stability. 

Particle size:Among the most important aspects of 

characterizing nanoparticles are their form and size 

distribution. Electron microscopy is commonly used 

to measure both size and shape. Drug delivery, 

including targeted therapy and controlled drug 

release, makes extensive use of nanoparticles. 

medication release is significantly influenced by 

particle size: smaller particles have a bigger surface 

area, which exposes more of the loaded medication 

at the surface and speeds up release. Larger 

particles, on the other hand, enable the medicine to 

spread from the interior more slowly. A balance 

between reaching a tiny particle size and preserving 

optimal stability must be struck because smaller 

particles are more likely to aggregate during storage 

and transit. Particle size can also influence polymer 

degradation; for example, the in vitro degradation 

rate of poly(lactic-co-glycolic acid) has been 

observed to increase with particle size.  

Dynamic Light Scattering (DLS):Photon-

correlation spectroscopy (PCS), often called 

dynamic light scattering, is one of the quickest and 

most used methods for figuring out particle size. 

DLS is frequently used to quantify the size of both 

nanoscale and submicron-sized particles in 

Brownian motion inside colloidal solutions. When a 

solution containing spherical particles is exposed to 

monochromatic light (like a laser), the particles' 

motion results in a Doppler shift, which modifies the 

wavelength of the dispersed light. The particle size 

has a direct bearing on this change. DLS gives 

information on the mobility of the particles inside 

the medium as well as the particle size distribution 

by calculating the diffusion coefficient of the 

particles and examining the autocorrelation 

function.PCS, based on DLS principles, is the most 

frequently used method for accurately estimating 

particle size and size distribution. 

Scanning Electron Microscopy 

(SEM):Nanoparticle morphological analysis can be 

directly visualized using scanning electron 

microscopy. Although there are several benefits to 

using electron microscopy techniques for studying 

morphology and particle size, they don't offer much 

information on size distribution or the actual 

population average. The nanoparticle solution is first 

turned into a dry powder for SEM analysis. It is then 

placed into a sample holder and covered with a 

conductive metal, such gold, using a sputter coater. 

A concentrated electron beam is used to scan the 

sample, and the secondary electrons released are 

used to determine the surface properties. The 

electron beam may harm polymeric materials, and 

nanoparticles must be able to survive in vacuum. In 

general, there is a strong correlation between the 

mean particle size determined by SEM and the 

outcomes of dynamic light scattering. However, 

SEM istime-consuming, expensiveand often 

requires complementary techniques to fully 

characterize particle size distribution. 

Transmission Electron Microscopy 

(TEM):Although it works on a different concept 

than SEM, transmission electron microscopy (TEM) 

frequently yields morphological data that is 

comparable. Because the sample must be extremely 

thin to permit electron transmission, sample 

preparation for TEM is more difficult and time-

consuming. Dispersions of nanoparticles are applied 

on films or support grids. Nanoparticles are 
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stabilized by plastic embedding or negative staining 

agents like phosphotungstic acid, uranyl acetate or 

their derivatives to endure the vacuum of the 

apparatus and make handling easier. As an 

alternative, samples can be quickly frozen in liquid 

nitrogen to vitrify them. As an electron beam travels 

through the ultra-thin sample and interacts with its 

structure, the surface and interior properties of the 

nanoparticles are discovered. 

Atomic Force Microscopy (AFM):Atomic force 

microscopy (AFM) provides ultra-high-resolution 

measurements of particle size by physically 

scanning samples at the sub-micron level using an 

atomic-scale probe tip. The instrument generates a 

topographical map of the sample based on the forces 

between the probe and the sample surface. 

Depending on the sample properties, scanning can 

be performed in contact or non-contact mode. In 

contact mode, the probe taps the surface to create 

the topographical map, while in non-contact mode, 

the probe hovers just above the sample. A major 

advantage of AFM is its ability to image non-

conducting samples without special preparation, 

making it ideal for delicate biological and polymeric 

nano and microstructures.AFM provides highly 

accurate measurements of particle size and size 

distribution without requiring complex 

mathematical analysis. Furthermore, particle size 

data obtained by AFM offers a realistic 

representation, aiding in the understanding of how 

various biological conditions may affect 

nanoparticles. 

Surface Charge:A nanoparticle's interactions with 

the biological environment and its electrostatic 

interactions with bioactive chemicals are greatly 

influenced by the type and strength of its surface 

charge. The zeta potential, an indirect measure of 

surface charge, is frequently used to evaluate 

colloidal stability. The potential difference between 

the particle's shear plane and outer Helmholtz plane 

is represented by the zeta potential. Zeta potential 

measurements enable forecasts on the stability of 

nanoparticle dispersions during storage. To preserve 

stability and stop particle aggregation, high absolute 

values of zeta potentialwhether positive or 

negativeare required. 

Surface Hydrophobicity:Numerous methods, such 

as hydrophobic interaction chromatography, 

biphasic partitioning, probe adsorption and contact 

angle measurements, can be used to evaluate the 

surface hydrophobicity of nanoparticles. More 

sophisticated analytical techniques for in-depth 

surface examination have recently been revealed. X-

ray photoelectron spectroscopy (XPS), for instance, 

makes it possible to identify particular chemical 

groups that are present on the surface of 

nanoparticles. 

Drug Release:A primary goal of nanotechnology in 

drug delivery is to control and optimize the release 

of therapeutic agents, making it essential to 

understand both the rate and extent of drug release 

from nanoparticles. Most release studies require 

separation of the drug from its carrier. Drug loading 

is typically expressed as the amount of drug bound 

per unit mass of polymer or as a percentage relative 

to the polymer. Common analytical techniques for 

measuring drug loading include classical methods 

such as UV spectroscopy or high-performance liquid 

chromatography, performed after separation 

methods like ultracentrifugation, ultrafiltration, gel 

filtration or centrifugal ultrafiltration. Drug release 

studies are conducted in a similar manner, with 

quantification over a defined period to evaluate the 

release mechanism and kinetics.[8] 

Drug Entrapment Efficiency:Ultracentrifugation 

at 10,000 rpm for 30 minutes at 5°C was used to 

separate the nanoparticles from the aqueous 

medium. After carefully removing the resultant 

supernatant, the nanoparticles were again suspended 

in phosphate-buffered saline (pH 7.4). To guarantee 

that all unentrapped medication was removed, this 

procedure was carried out again. The difference 

between the total amount of drug used in the 

manufacture of the nanoparticles and the amount of 

drug left in the aqueous medium was used to 

calculate the amount of drug contained within the 

nanoparticles. 

 

Drug Entrapment efficiency (%) = 
Amount of drug released from the lysed nanoparticle

Amount of drug initially taken to prepare the nanoparticles
×1

00 [9] 

 

Methods of Preparation of TDDS 

Asymmetric TPX Membrane 

Method:Asymmetric TPX membranes are prepared 

using either the dry or wet phase inversion method. 

In this process, TPX is dissolved in a mixture of 

solvent (cyclohexane) and non-solvent additives at 

60°C to form a homogeneous polymer solution. The 

solution is then maintained at 40°C for 24 hours 

before being cast onto a glass plate. The cast film is 

evaporated at 50°C for 30 seconds, after which the 

glass plate is immediately immersed in a 

coagulation bath maintained at 25°C. Following 10 

minutes of immersion, the membrane is removed 

and dried in a circulating oven at 50°C for 12 hours. 

Circular Teflon Mould Method:This method, 

developed by Baker and Heller in 1989, involves 
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preparing a polymeric solution using an appropriate 

organic solvent. The solution is divided into two 

portions; in one, a calculated amount of drug is 

dissolved and in the other, penetration enhancers at 

different concentrations are added. The two portions 

are then combined and a plasticizer is incorporated 

into the drug-polymer mixture. The resulting 

solution is stirred for 12 hours to ensure 

homogeneity and then poured into a circular Teflon 

mould.The mould is placed on a levelled surface and 

covered with an inverted funnel to control solvent 

evaporation, typically in a laminar flow hood with 

an airflow of 0.5 m/s. The solvent is allowed to 

evaporate over 24 hours, after which the dried film 

is stored in a desiccator containing silica gel at 25 ± 

0.5°C for an additional 24 hours to minimize aging 

effects before evaluation. 

Mercury Substrate Method: In this method, the 

drug and plasticizer are dissolved in a polymeric 

solution and stirred for 10-15 minutes to form a 

homogeneous dispersion. The solution is then 

poured onto a levelled mercury surface and covered 

with an inverted funnel to control solvent 

evaporation. 

IPM Membranes Method:This method involves 

dispersing the medication in a solution of water and 

polymer and using a magnetic stirrer to stir the 

mixture for 12 hours. Triethanolamine is then added 

to neutralize and thicken the dispersion. A pH 7.4 

buffer solution is used to create a gel for 

medications that are poorly soluble in water. For 

later use, the resultant gel is integrated into the IPM 

membrane. 

EVAC Membranes Method:For the preparation of 

transdermal drug systems, a 1% Carbopol reservoir 

gel and a rate-controlling membrane made of 

polyethylene or ethylene-vinyl acetate copolymer 

are required. For drugs with poor water solubility, 

propylene glycol is used to prepare the gel. The drug 

is dissolved in propylene glycol, followed by the 

addition of carbopol resin and the mixture is 

neutralized with 5% w/w sodium hydroxide 

solution. The resulting drug-loaded gel is spread 

onto a backing layer over the desired area, after 

which the rate-controlling membrane is placed on 

top. The edges are then sealed using heat to produce 

a leak-proof transdermal device. 

Evaluation of Transdermal Patches 

Thickness:The thickness of transdermal patch is 

determined by travelling microscope, dial gauge, 

screw gauge or micrometer at different points of the 

patches. 

Uniformity of Weight:Weight variation is assessed 

by individually weighing 10 randomly selected 

patches and calculating their average weight. Each 

patch’s weight should not deviate significantly from 

the calculated average. 

Drug Content Determination:Drug content can be 

measured by dissolving a defined area of the 

polymeric film  in a suitable solvent in which the 

drug is freely soluble. The selected film area is 

weighed before dissolution. The solution is then 

continuously shaken in a shaker incubator for 24 

hours, followed by sonication and filtration. The 

concentration of drug in the resulting solution is 

determined using an appropriate analytical method. 

Moisture Content: Each prepared patch is weighed 

separately and left for a full day at room temperature 

in a desiccator filled with calcium chloride. After 

then, they are weighed again on a regular basis until 

their weight remains consistent.The percentage of 

moisture content is calculated using the following 

formula. 

% Moisture Content =
Initial Wt−Final Wt

Final Wt
×100 

Moisture Uptake: Weighed patches are first stored 

for a full day at room temperature in a desiccator. 

After that, they are moved and kept in a desiccator 

with a saturated potassium chloride solution at 84% 

relative humidity until they reach a consistent 

weight. The following formula is used to determine 

the percentage of moisture uptake. 

% Moisture uptake =
Final Wt−Initial Wt

Initial Wt
×100 

Flatness: A flatness study can be used to assess 

whether a transdermal patch will continue to have a 

smooth surface and not get constricted over time. 

One strip is taken from the patch's center, and two 

strips are cut from each side for this test. Each strip's 

length is measured, and any deviation is given as a 

percentage of constriction. A patch is said to be 

100% flat if it shows zero percent constriction. 

% constriction =
L1−L2

L1
 ×100         

Where, L1 = Initial length of each strip 

L2 = Final length of each strip 

Microscopic Studies: The distribution of drug and 

polymer within the film can be examined using 

scanning electron microscopy. For this study, 

sections of the film are cut and mounted onto stubs 

using double-sided adhesive tape. The samples are 

then coated with a gold-palladium alloy using a fine 

coat ion sputter to make them electrically 

conductive. Finally, the sections are observed under 

a scanning electron microscope to analyse the 

distribution and morphology. 

 

Adhesive Studies: The effectiveness of a 

transdermal drug delivery system is largely 

influenced by how well the patch adheres to the 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:421-434 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104421434      | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal     Page 431 

skin. Adhesion is typically achieved using pressure-

sensitive adhesives, which are capable of forming a 

bond with the skin upon application of light 

pressure. The adhesive performance of a TDDS can 

be evaluated by examining several key factors; 

• Peel Adhesion Properties: Peel adhesion refers 

to the force required to detach the adhesive 

coating from a test substrate. It is measured by 

applying a single-coated tape to the substrate 

and pulling it off at a 180° angle. The test is 

considered successful if the substrate remains 

free of any adhesive residue. 

• Tack properties: The capacity of a polymer to 

stick to a substrate with little contact pressure is 

known as its "tack properties." The molecular 

weight of the polymer, its composition and the 

addition of tackifying resins are some of the 

variables that affect it. The thumb tack test, 

rolling ball test, rapid stick (peel tack test)and 

probing tack test are some of the techniques 

used to assess tack. The thumb tack test 

involves touching the adhesive surface with the 

thumb and measuring the force needed to break 

the binding. The rolling ball test gauges how far 

a stainless-steel ball can go on an adhesive 

surface that faces upward; a less tacky adhesive 

enables the ball to go farther. 

• Quick Stick (Peel Tack): By pulling the tape 

away at a 90° angle at a pace of 12 inches per 

minute, the quick stick (peel tack) test 

determines the peel force needed to break the 

binding between an adhesive and a substrate. 

The probe tack test measures the force needed 

to break the bond after a limited period of 

contact by putting a probe into contact with the 

adhesive surface and then retreating it at a 

specified pace. A texture analyzer is frequently 

used for this examination.[10] 

Water Vapor Transmission Rate (WVTR) 

Studies: Glass vials of uniform diameter were used 

as transmission cells. The vials were thoroughly 

cleaned and dried in an oven at 100°C. 

Approximately 1g of anhydrous calcium chloride 

was placed in each vial and the polymer film was 

securely fixed over the opening. The cells were 

accurately weighed and stored in a closed desiccator 

containing a saturated potassium chloride solution to 

maintain a relative humidity of 84%. After a defined 

storage period, the cells were reweighed and the 

amount of water vapor transmitted through the film 

was calculated using the following formula 

Water Vapor Transmission Rate 

=
Final weight−Initial weight

Time
 ×Area                          

It is expressed as the number of grams of moisture 

gained/hr/cm2 

Swellability: To account for imbibition, 3.14 cm² 

patches were weighed and put in a Petri dish with 10 

ml of double-distilled water. Until a steady weight 

was reached, the rise in patch weight was noted at 

pre-arranged intervals. The following formula was 

then used to determine the degree of swelling (S). 

S (%) = 
Wt−Wo

Wo
×100 

Where, S is percent swelling  

Wtis the weight of patch at time t 

Wo is the weight of patch at time zero. 

Folding Endurance: A strip with predetermined 

dimensions was cut and folded repeatedly at the 

same spot, until it broke. Folding endurance was 

defined as the amount of folds the film could sustain 

at one point without breaking. 

Tensile Strength: A universal testing apparatus with 

a 1g sensitivity was used to determine the patch's 

tensile strength. Two load-cell grips make up the 

machine; the upper grip is moveable and the lower 

grip is fixed. A test patch was placed between the 

grips, and the film was gradually broken by 

applying force. The following formula was used to 

compute the tensile strength, which was 

immediately recorded from the dial reading in 

kilograms. 

Tensile strength =
Tensile load at break

Cross section area
 

Skin Irritation Study: Healthy rabbits weighing 

between 1.2 and 1.5 kg can be used for skin 

irritation and sensitization testing. The dorsal region 

is cleaned with rectified spirit after being shaved to 

remove hair. The prepared skin surface is 

subsequently treated with the test formulation. The 

patch is taken off after a full day, and any 

indications of skin irritation are assessed. A five-

point rating system is used to indicate how severe 

skin responses are. 

In Vitro Drug Release Studies: The paddle-over-

disc method (USP Apparatus V) can be used to 

assess the drug release from the produced patches. 

After being cut into specific shapes and weighed, 

dry patches of a given thickness are adhered to a 

glass plate. After that, the glass plate is submerged 

in 500 ml of phosphate buffer (pH 7.4) or 

dissolution medium and it is equilibrated at 

32±0.5°C. The paddle is driven at 50 rpm and 

placed 2.5 cm above the glass plate. High-

performance liquid chromatography or UV 

spectrophotometry are used to examine 5 ml 

aliquots of the dissolution medium taken at 

predefined intervals up to 24 hours. Every 
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experiment is run in triplicate, and the average 

results are computed. 

In Vitro Skin Permeation Studies: In vitro skin 

permeation can be evaluated using a diffusion cell. 

Full-thickness abdominal skin is obtained from male 

Wistar rats weighing 200-250 g. Hair from the 

abdominal region is carefully removed using an 

electric clipper and the dermal side is thoroughly 

washed with distilled water to remove any adhering 

tissues or blood. The skin is then equilibrated in 

diffusion medium or phosphate buffer (pH 7.4) for 

1 hour prior to the experiment.The diffusion cell is 

filled with the receptor medium and placed on a 

magnetic stirrer equipped with a small magnetic 

bead to ensure uniform distribution. The 

temperature of the cell is maintained at 32±0.5°C 

using a thermostatically controlled heater. The 

isolated rat skin is mounted between the donor and 

receptor compartments, with the epidermis facing 

the donor compartment. At predetermined intervals, 

samples of a defined volume are withdrawn from 

the receptor compartment and replaced with an 

equal volume of fresh medium. Samples are filtered 

and analysed using UV spectrophotometry or 

HPLC.The steady-state flux (J) is determined from 

the slope of the linear portion of the plot of 

cumulative drug permeated (mg cm⁻²) versus time 

(hours) and the permeability coefficient (Kₚ) is 

calculated by dividing the flux by the initial drug 

concentration in the donor compartment (mg cm⁻²). 

Invivo studies:In-vivo evaluations are the true 

depiction of the drug performance. The variables 

which cannot be taken into account during invitro 

studies can be fully explored during invivo studies. 

Invivo evaluation of TDDS can be carried out using 

Animal models Human volunteers Animal models: 

The most common animal species used for 

evaluating transdermal drug delivery system are 

mouse, hairless rat, hairless dog, hairless rhesus 

monkey, rabbit, guinea pig etc.  

Human models: The final stage of the development 

of a transdermal device involves collection of 

pharmacokinetic and pharmacodynamic data 

following application of the patch to human 

volunteers. Clinical trials have been conducted to 

assess the efficacy, risk involved, side effects, 

patient compliance etc.  

Human Models:The final phase in the development 

of a transdermal drug delivery system involves the 

collection of pharmacokinetic and 

pharmacodynamic data after applying the patch to 

human volunteers. Clinical trials are performed to 

evaluate therapeutic efficacy, potential risks, adverse 

effects and patient compliance, thereby ensuring the 

safety and effectiveness of the transdermal device. 

Stability Studies: The stability of the prepared 

TDDS was evaluated as per ICH guidelines by 

storing the samples at 40±0.5°C/75±5% RH for 6 

months. Samples were analysed at 0, 30, 60, 90 and 

180 days for drug content to determine the stability 

of the formulation.[11] 

 

OUTCOMES  

Transdermal drug delivery systems offer various 

outcomes, including  

1. Prolonged Drug Action: Transdermal patches 

provide a controlled and sustained release of 

medications, ensuring a prolonged therapeutic 

effect.  

2. Steady Blood Levels: These systems maintain 

consistent drug levels in the bloodstream, 

leading to stable therapeutic outcomes and 

improved efficacy.  

3. Reduced Dosing Frequency: Patients often 

require fewer doses compared to oral 

medications, enhancing convenience and 

improving adherence to the treatment plan.  

4. Minimized Side Effects: By avoiding sudden 

peaks and troughs in drug concentration, 

transdermal delivery can reduce the occurrence 

of adverse effects.  

5. Improved Patient Comfort: Transdermal patches 

are non-invasive and easy to apply, enhancing 

patient comfort and compliance, especially for 

individuals who fear needles or have difficulty 

swallowing pills. 

6. Targeted Therapy: Transdermal patches can 

deliver drugs directly to the affected area, 

providing localized treatment for conditions 

like pain, inflammationor skin disorders.  

7. Enhanced Bioavailability: Transdermal delivery 

bypasses the gastrointestinal system, avoiding 

degradation of drugs in the stomach or liver, 

leading to increased bioavailability for certain 

medications. 

8. Flexibility in Dosage Adjustment: Dosage 

adjustments can be made by altering patch size 

or wearing multiple patches, allowing for 

personalized and flexible treatment regimens. 

 

Future Aspects 

The future of transdermal drug delivery systems is 

highly promising, with advancements expected in 

technology, formulation designand therapeutic 

applications. Key future perspectives include 

1. Improved Drug Permeation: Novel permeation 

enhancers, microneedles, ultrasound and 
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nanotechnology-based systems are being 

developed to enhance skin permeability and 

enable delivery of a wider range of drugs. 

2. Personalized Medicine: Integration of sensors, 

wearable devices, and feedback-controlled 

systems may allow individualized dosing and 

release profiles, improve efficacy and reduce 

adverse effects. 

3. Delivery of Biologics: Advanced approaches 

such as microneedles, nanocarriersand physical 

enhancement techniques are being explored to 

facilitate transdermal delivery of biologics and 

macromolecules. 

4. Combination Therapy: Single patches capable 

of delivering multiple drugs simultaneously 

could enhance therapeutic outcomes and 

simplify treatment regimens. 

5. On-Demand Drug Release: Stimuli-responsive 

systems that release drugs in response to 

physiological triggers (e.g., pH, temperature, or 

biomarkers) may enable dynamic and patient-

specific therapy. 

6. Real-Time Monitoring: Sensor-integrated 

patches may provide continuous monitoring of 

physiological parameters and drug levels, 

allowing timely dose adjustment and improved 

clinical management. 

7. Paediatric and Geriatric Use: Future designs 

may focus on patient-friendly formulations and 

patch designs tailored to the specific needs of 

paediatric and geriatric populations. 

Overall, continued research and technological 

innovation are expected to expand the clinical utility 

of transdermal drug delivery systems, improving 

treatment outcomes, patient comfort and healthcare 

efficiency.[12] 

 

Advancement in transdermal patch  

Conventional transdermal patches mainly function 

as drug reservoirs with controlled release but are 

limited by low drug-loading capacity and poor 

release efficiency. To address these challenges, 

advanced transdermal patches with improved skin 

penetration, higher drug loading, and controlled or 

stimuli-responsive release have been developed. 

Consequently, transdermal drug delivery has 

become a rapidly advancing research field with 

strong future potential. 

 

Smart Patches: Smart transdermal patches 

incorporate sensors and advanced technologies to 

monitor physiological conditions and enable real-

time, adjustable drug delivery. In 2014, a smart 

microneedle-based patch was developed for 

continuous, painless intradermal glucose monitoring 

in diabetic patients, utilizing immobilized glucose 

oxidase and a conducting polymer such as PEDOT 

as an electrical mediator for precise glucose sensing. 

 

 
Fig 6: Smart Patches 

 

Degradable patch: Dissolving microneedle (MN) 

patches enable efficient transdermal delivery of 

drugs and vaccines with poor systemic absorption. 

Insulin-loaded MNs prepared using a two-step 

injection and centrifugation method achieved high 

relative pharmacological availability (95.6%) and 

relative bioavailability (85.7%), comparable to 

conventional subcutaneous injections, 

demonstrating their potential for diabetes 

management. 

In another study, a biodegradable antihypertensive 

microneedle patch containing sodium nitroprusside 
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and sodium thiosulfatewas fabricated by centrifugal 

casting. This system ensured stable drug loading and 

rapid systemic release, resulting in a fast and 

significant reduction in blood pressure suitable for 

hypertensive emergencies. Concurrent ST delivery 

minimized SNP-induced adverse effects, 

highlighting the effectiveness and patient-friendly 

nature of biodegradable microneedle patches for 

systemic therapy. [13] 

 

 
Fig 7: Degradable patch 
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