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Abstract: 

Transdermal patches offer a convenient and non-invasive method for drug delivery through the skin, 

directly into the bloodstream. They provide several advantages such as bypassing first-pass 

metabolism, avoiding the digestive system, and allowing for continuous dosing over extended 

periods. Transdermal patches come in various types, including matrix, reservoir, drug-in-adhesive, 

and micro-reservoir systems, each with distinct mechanisms for controlling drug release. Recent 

advancements include smart patches with sensors for monitoring and adjusting drug delivery, 

dissolving patches that eliminate disposal concerns, three-dimensional printed patches for 

personalized medicine, and high-loading patches for increased drug efficacy. Potential applications 

extend beyond traditional drug delivery to include vaccination, gene therapy, insulin transport for 

diabetes management, and treatment for heart conditions. As research progresses, transdermal 

patches continue to evolve, offering promising solutions for a range of therapeutic needs. This article 

covers the creation and use of medical patches for transdermal medication transport, with a focus on 

recent technological and creative advancements that have led to the creation of intelligent, 

biodegradable/soluble, high-loading/release, and three dimensional-printed patches. 
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Introduction 

1. Introduction 

Transdermal drug transport is an additional 

technique for delivering medication through 

the cutaneous bed1,2. The medication enters the 

bloodstream through the epidermis and travels 

across the body's systems before arriving at the 

intended location1,2. Compared to alternative 

administration methods, the transdermal 

medication transport approach offers a number 

of advantages. Some examples are the capacity 

to prevent first-pass metabolism in the liver, 

the ability to prevent the digestive tract, and 
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the capacity to administer continuous dosages 

of medications over a prolonged length of time 

[3]. Other methods of administering drugs, 

such intravenous, may hurt and raise the 

hazard of infection. However, the oral way is 

ineffective, and it is challenging to regulate the 

amount when using the inhalation approach. 

Transdermal administration is a popular 

method of drug transport for chronic pain, 

motion sickness, smoking cessation, and 

hormone replacement treatment because of its 

advantages over other ways [4–6]. 

A transdermal patch is a medicated patch 

that can be applied topically to provide 

medication at a specified rate directly into the 

bloodstream via the beds of cutaneous. 

Actually, the most practical way to administer 

is via patches. They can be stopped at any time, 

and the course of treatment can last for several 

days because they are non-invasive (Table 1). 

They have various sizes and are made up of 

several substances. After the patch is applied 

to the cutaneous, diffusion processes allow it 

to release active ingredients into the 

bloodstream. Transdermal patches—like the 

1985 nitroglycerin patch—use Gale and 

Berggren's rate-controlling ethylene vinyl 

acetate membrane as a paradigm to deliver 

long-lasting active ingredients to the skin. At 

the moment, a number of medications are 

offered as transdermal patches, including 

nicotine, scopolamine (hyoscine), fentanyl, 

clonidine, and estradiol combined with 

norethisterone acetate (Table 2). Depending on 

the drug's therapeutic category, the application 

location may change [7]. For instance, one can 

apply estradiol to the abdomen or buttocks and 

nitroglycerin to the chest. Moreover, the length 

of the drug's release is contingent upon usage, 

ranging from the shortest (up to 9 hours) to the 

longest (up to 9 days). 

Table 1: Advantages and disadvantages of transdermal patches. 

Advantages Disadvantages 

Continuous dosage during a few days of treatment Restricted class of drugs  

Escape the first-pass metabolism and the digestive 

system 

Irritation of the cutaneous  

Abrupt termination is possible Variations in absorption  

Not as intrusive Patch malfunction  

 Restricted choice for dosage  

 

Table 2: An overview of the special qualities of transdermal patches and products. 

Product Name Drugs Duration of 

Application 

Indication Reference 

Secuado® Asenapine 24 h Mania, bipolar disorder [8,9] 

Catapres-TTS® Clonidine 7 days attention deficit 

hyperactivity disorder 

(ADHD), Hypertension, 

Tourette syndrome, Tic 

disorder. 

 

[10–13] 

Xelstrym® Dextroampheta

mine 

Up to 9 h ADHD [14] 

Bisono® Bisoprolol 24 h Atrial fibrillation [15] 

Butrans® Buprenorphine 7 days Management of pain [16–18] 

Daytrana® Methylphenidate Up to 9 days ADHD [19] 
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Nicorette®Hab

itrol®, 

CQ® 

Nicoderm® 

Nicoderm  

Nicotine 24 h 

16 h 

Smoking cessation [20,21] 

Adlarity® Donepezil 7 days Alzheimer disease [22,23] 

Fematrix® Estrogen 7 days Postmenstrual 

syndrome 

[24,25] 

Ortho Evra® Ethinyl Estradiol 7 days Prevent pregnancy [26,27] 

Duragesic® Fentanyl 72 hours Moderate/severe 

pain 

[28] 

Sancuso® Granisetron Up to 7 days Anti-emetic [29–31] 

Climara Pro® Levonorgestrel, 

Estradiol 

7 days Postmenstrual 

syndrome 

[32,33] 

Lidoderm® 

Dermalid® 

Lidocaine up to 3 times 

daily for no 

more than 12 

hours 

Treatment of pain [34,35] 

Minitran® 

Nitro-dur® 

Nitroglycerin 12–14 h Angina pectoris 

Relieve pain after 

surgery 

[36–39] 

Combipatch® Norethindrone 

Estradiol 

3–4 days Symptoms of 

menopause 

[40] 

Oxytrol® Oxybutynin 3–4 days Overactive bladder [41,42] 

Exelon® Rivastigmine 24 h Alzheimer disease [43,44] 

Neupro® Rotigotine 24 h Parkinson’s disease [45] 

Emsam® Selegiline 24 h Depression [45] 

Transderm-

scop® 

Scopolamine 72 h Motion sickness [46,47] 

Androderm® Testosterone 24 h Hypogonadism in 

males 

[48,49] 

Vivella® 

Menostar® 

Minivelle®Alo

ra® 

Climara® 

Vivelle-Dot ® 

Estraderm® 

17-β-Estradiol 3–4 days 

 

 

3–4 days  

7 days 

3–4 days 

3–4 days 

3–4 days  

Postmenstrual 

syndrome and 

osteoporosis 

[50–52] 

2. Transdermal Patch Creation 

A number of variables, including 

cutaneous permeability, the area and length of 

the application, and the cutaneous metabolic 

activity (i.e., first pass metabolism), influence 

how well a drug travels through the cutaneous. 

Actually, each medication has distinct 

qualities that can influence transdermal 

transport. In order to effectively permeate and 

absorb through the epidermal barrier, the drug 

needs to be lipophilic and non-ionic. Greater 

than 500 Daltons in size may find it difficult to 
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pass through the stratum corneum, 

necessitating a therapeutic dose of less than 10 

mg per day. 

3. Fundamental Transdermal Patch 

Constituent 

Transdermal patches are usually made up 

of many beds with the purpose of delivering 

the medication into the bloodstream through 

the cutaneous. A medicated patch's 

fundamental components are shown in Figure 

1. Depending on the medication being 

administered and the intended rate of drug 

release, the patch's precise shape and 

composition may change.  

 

 

Fig. 1: Fundamental part of a medicinal transdermal patch. 

The patch's outermost bed, known as the 

backing bed, shields the inner beds from the 

elements. Typically, a flexible, waterproof 

substance like polyethylene or polypropylene 

is used to create this bed. The purpose of the 

adhesive bed is to adhere and maintain the 

patch's position on the cutaneous. Usually, it is 

composed of a cutaneous-friendly, 

hypoallergenic adhesive that is robust. Drugs 

that are absorbed through the cutaneous are 

found in the drug bed. It is designed to release 

the medications gradually and at a steady pace. 

The rate at which the medications are released 

from the patch is managed by the rate-

controlling membrane. Typically, semi-

permeable materials are used to create 

membranes, which enable regulated 

medication passage through the membrane. 

The patch and adhesive are shielded by the 

linen. Prior to being placed to the cutaneous's 

surface, the patch needs to be taken off. 

4. Transdermal Patch Types 

Four main categories can be used to group 

transdermal medicinal patches: matrix, 

reservoir, drug-in adhesive, and micro-

reservoir systems (Figure 2). Commercially 

available patches fall mostly into two 

categories: reservoir or matrix systems [53]. 
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Fig. 2: Types of transdermal patches: (A) Adhesive System Drug; (B) System of Reservoirs; (C) matrix 

system; (D) Micro-reservoir system. 

4.1. Adhesive System Drug  

The most basic type of membrane 

permeability control system is this one. This 

system's adhesive bed, which holds the many 

beds together, is drug-containing. The backing 

and liner are beded with the medication 

combination.  

4.2. System of Reservoirs  

This device's microporous rate-controlling 

membrane, which is positioned between the 

drug reservoir and the backing bed, is used to 

administer the medication. The medication 

may be distributed in a solid polymer matrix or 

take the form of a gel, suspension, or solution 

inside the reservoir chamber.  

4.3. Matrix System 

Drugs are evenly distributed throughout 

hydrophilic and hydrophobic polymer 

matrices in the Matrix System. The thereby 

formed polymer that contains drugs is affixed 

to plates that contain drugs and have a 

regulated surface area and thickness.  

4.4. Micro-Reservoir System 

To generate non-leaching drug reservoirs, 

the approach suspends pharmaceutical solids 

in a water-soluble polymer solution and 

uniformly disperses them in a lipophilic 

polymer. 

5. Microneedle-Based Patches 

Table 3 lists the several varieties of 

microneedles, each having special qualities 

and traits. To date, microneedle-based patches 

have been classified into four main categories: 

coated, hollow, solid, and dissolving 

microneedles (Figure 3). It will depend on the 

specific application and the user's 

requirements which type of microneedle 

works best. 

 

 

Fig. 3: The microneedle-based patch: (A) solid; (B) hollow; (C) coated; (D) dissolving. 
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Table 3: Varieties of microneedles and their distinctive characteristics. 

Type Constructi

on 

Material Dose Convey

ance 

Rate 

Applica

tion 

Referenc

es 

Solid Simple Silicon, 

Metal, 

Polymer 

Small 

dose 

Fast Can be 

reuse 

[54–56] 

Dissolving Complex Polymer More 

precise 

dosing 

Slow Single [57–60] 

Coated Complex Polymer, 

Sugar, 

Lipids 

More 

precise 

dosing 

Fast Single [61–64] 

Hollow Simple Silicon Large 

dose 

Fast Can be 

reuse 

[65–68] 

5.1. Solid Microneedles: 

The most basic kind of microneedles are 

solid ones, which are made up of solid needles 

that pierce the cutaneous to form microscopic 

channels. Solid microneedles are frequently 

employed in cosmetic and medication 

administration procedures. 

5.2. Dissolving Microneedles:  

These needles' composition includes 

elements that dissolves beneath the skin, 

allowing drugs or other chemicals to be 

released under control. In order to administer 

vaccines and other drugs, dissolving 

microneedles are frequently utilized. 

5.3. Coated Microneedles:  

When a coating on these microneedles 

penetrates the cutaneous, it dissolves, 

releasing medication or other substances. 

Transdermal medication transport frequently 

makes use of coated microneedles. 

5.4. Hollow Microneedles:  

These microneedles can transfer liquids or 

medications into the cutaneous because of 

their hollow cores. Hollow microneedles are 

frequently utilized for interstitial fluid 

collection and transdermal medication 

administration. 

6. The Transdermal Patch's Latest 

Development 

There are just two uses for conventional 

transdermal patches: medication release and 

storage. While there are several benefits to this 

approach, traditional patching has numerous 

difficulties and disadvantages, such as low 

release or restricted dosage. Several 

advancements have been made in the transport 

of transdermal medications thus far. Among 

these are novel patches with enhanced drug 

release and penetration, more loading, and 

accurate drug detection and release 

capabilities. All things considered, 

transdermal medicine transport is an area of 

study and research that is rapidly expanding, 

and as will be discussed below, there are many 

exciting new developments in store for this 

sector. 

6.1. Smart Patches  

In 2014, scientists created a smart patch 

sensor that use microneedles to provide 

diabetics with continuous, painless 

intradermal glucose monitoring. Using a 

conducting polymer such as PEDOT, the 

sensor immobilizes the glucose-specific c-

enzyme glucose oxidase (GOx), enabling 
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glucose detection and adjusting drug delivery. 

This technology represents a major 

breakthrough in smart patch technology [69]. 

The interstitial fluid between subcutaneous 

skin cells can now be painlessly accessed 

thanks to the development of an intelligent 

insulin-releasing patch with 121 microneedles 

that contain nanoparticles. Insulin and glucose 

oxidase, two enzymes that sense glucose, are 

both present in hypoxia-responsive polymers 

in the patch. Figure 4 illustrates how the 

hypoxia-responsive polymer recognizes the 

oxygen-depleted environment caused by 

elevated glucose oxidase activity is recognized 

by the hypoxia-responsive polymer, which 

causes the disintegration of nanoparticles and 

the release of insulin [70,71]. 

 

Fig. 4: The patch with microneedles pierces 

the epidermal layer and contains the enzymes 

glucose oxidase and insulin. Painless 

penetration of the skin is made possible by 

increased glucose oxidase activity, which also 

releases insulin and breaks down nanoparticles. 

The process of healing a wound is dynamic, 

with physical and chemical aspects that are 

always shifting. A flexible, low-cost smart 

patch was created to monitor cutaneous 

surface changes in fluid volume and pH of the 

wound. The pH and humidity are measured by 

the sensor, which consists of electrodes printed 

on a polydimethylsiloxane substrate. With the 

addition of a hydration sensor, the patch can be 

used to measure the amount of water on a 

semi-porous surface, as it is sensitive to wound 

pH at 7.1 ohm/pH. This method has benefits 

for individuals who are bedridden [72]. A 

smart patch has been created by scientists to 

treat and track diabetic foot ulcers (DFU). 

Utilizing conductive hydrogel patches with an 

ultra-high transparency polymer network, the 

technique can monitor the healing process of 

wounds, facilitate hemostasis, improve 

communication between cells, ward off 

infections, encourage the deposition of 

collagen, and increase vascularity. The patch 

may detect changes in body proportion and 

promotes angiogenesis, which promotes 

wound healing. By determining the amount of 

glucose in wounds, it also carries out indirect 

blood glucose monitoring. This intelligent 

patch has the ability to monitor and heal open 

wounds [72]. 

Additionally, curcumin and other natural 

substances are delivered via smart patches. 

The material is made up of phase-change 

material (PCM) polypropylene glycol and 

paraffin wax. PCM and graphene heating 

elements made by laser-scribing polyimide 

sheets were coupled. This configuration gives 

fresh life to smart patches with electronically 

controlled release and reproducible dosing. 

Instead of relying on passive diffusion, the 

PCM is heated under carefully controlled 

conditions to start and stop emission, and 

penetration occurs only when the PCM 

transforms from a solid to a liquid state. It was 

discovered that the curcumin transport 

produced satisfactory and sufficient outcomes 

[73]. 

 

 

6.2. Three-Dimensional-Printed Patches 

Scientists are creating transdermal patches 

that are customized to each client’s unique 

needs through the use of three-dimensional 

printing techniques [74]. The application of 

GelMA, a three-dimensional printed patch, to 

aid in wound healing was investigated in a 
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study by Jang et al. The hydrogel patch was 

incredibly porous and water-absorbing, and it 

was printed with a peptide that resembled 

vascular endothelial growth factor (VEGF). 

The hydrogel patch is a promising treatment 

for wound repair because the VEGF peptide 

gradually seeps out of it and promotes cell 

survival, proliferation, and the development of 

tube-like structures [75]. 

Conversely, Continuous Liquid Interface 

Production (CLIP), a three-dimensional (three 

dimensional) printing technique, was used to 

develop and create transdermal patches. The 

enhanced surface area of the multifarious the 

microneedle design over the smooth square 

pyramid form led to an enhanced coating on 

the surface of the model vaccine components 

(ovalbumin and CpG). The in vivo charge 

accumulation and bioavailability in mice as a 

function of delivery method were evaluated in 

this work using tags with fluorescent tags and 

live animal imaging.  

Compared to subcutaneous injection, 

transdermal delivery of soluble components 

resulted in higher epidermal charge retention 

and enhanced immune cell activation in 

draining lymph nodes. Dosage avoidance was 

made possible by the vaccine, which produced 

a strong humoral immune response with 

elevated total IgG and balanced IgG1/IgG2a 

repertoire. CLIP Vaccine-coated three-

dimensional printed microneedles induce a T-

cell response, exhibiting CD4+ T-cells that 

secrete Th1 cytokines and functionally lethal 

CD8+ T-cells [75]. 

Using a class I resin that was exclusive to 

them, another team of researchers used 

stereolithography (SLA) technology to design 

and print the patch. They demonstrated the 

potential of these patches for transdermal 

administration of antibiotics with high 

molecular weights, as rifampicin (M(w) 

822.94 g/mol). This medication has been 

linked to significant hepatotoxicity, decreased 

bioavailability, and stomach chemical 

instability. To improve the mechanical 

strength and integrity of the patch array, sub-

apical holes were incorporated into one-

quarter of the needle tip when constructing the 

patch. To assess print quality and uniformity 

across the array, visual and scanning electron 

microscopy were used to characterize the tips. 

Additionally, the system underwent a 

mechanical evaluation for potential failures 

and intrusions. The ex-vivo penetration and 

subsequent transport of rifampicin through the 

swine epidermis were thoroughly assessed by 

the authors. Furthermore, an in vivo 

investigation using a three dimensional-

printed patch to administer rifampicin showed 

effective penetration and acceptable 

bioavailability [75]. 

Powder extrusion (DPE) has emerged as 

the most practical approach because it can 

directly handle medications and excipients in a 

single step [76]. The purpose of the study was 

to ascertain whether various grades of 

ethylene-vinyl acetate (EVA) copolymers 

could be utilized as unique raw materials in the 

manufacturing of transdermal patches. To 

evaluate the flexibility of EVA in producing 

personalized transdermal treatment patches, 

two model drugs—ibuprofen and diclofenac 

sodium—were combined with 30% (w/w) 

EVA. The effective incorporation of the 

starting material into the final formulation was 

confirmed by Fourier transform infrared (FT-

IR) spectra. Thermal analysis also revealed 

that the raw polymer's crystalline morphology 

was altered during the extrusion process, 

resulting in increased crystallization at smaller 

thicknesses. According to this study, direct 

powder extrusion and EVA technologies could 

be useful for creating transdermal patches. 

Drugs with varied melting points can be 

printed while retaining thermal stability if an 

EVA type with the right amount of VA is 

selected. Moreover, it is possible to obtain the 

required medication release and penetration 

characteristics. This is, in fact, a significant 

benefit when considering tailored therapy. 

Acetyl-hexapeptide 3 (AHP-3) can be 

printed using personalized patches that fit the 

cutaneous surface, according to study by Lim 
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et al. Vinylpyrrolidone (VP) and polyethylene 

glycol diacrylate (PEGDA), two liquid 

monomers, were employed in the investigation 

to boost the swelling rate, mechanical strength, 

and polymerization rate of the polymer. 

Throughout the production process, AHP-3 

stayed constant and had no impact on the 

physical properties of the finished polymer. 

CAD software and a three-dimensional digital 

light processing device were used to make a 

personalized patch. The patches showed 

negligible cytotoxic effects on human dermal 

fibroblasts and the capacity to puncture human 

cadaver skin and endure compression. This 

work presents personalized photopolymer 

patches for the first time, and it may present a 

new strategy for enhancing drug delivery 

through the skin for better wrinkle control [77]. 

6.3. Degradable/Dissolving Patches 

There's no need to remove and discard 

these patches because they are meant to 

dissolve into the skin. These patches, which 

are often composed of biodegradable materials, 

are absorbed by the body following use. In a 

2019 proof-of-concept study, scientists 

effectively used a dissolving patch to deliver 

the antibiotic gentamicin to a mouse model of 

bacterial infection [78] (Figure 5). The 

findings demonstrated the ability to manage 

Klebsiella pneumoniae infection with the 

application of a gentamicin-dissolving 

microarray patch to mouse ears. Furthermore, 

compared to the untreated control group, mice 

given lysing patches exhibited a lower 

bacterial burden in their lungs and lymphoid 

tissue connected to their noses.  

 

 

Fig. 5: These patches' microneedles are 

composed of biodegradable materials. 

Following the release of gentamicin from the 

patch, the microneedles on the cutaneous 

disintegrate. 

Drugs and vaccinations that are not well 

absorbed by the body can be delivered with 

great efficiency using dissolving microneedles 

(MNs). By localizing insulin to the needle 

utilizing a two-step injection and 

centrifugation process, effective transdermal 

insulin transport was achieved. Insulin made 

from MN patches had relative 

pharmacological availability (RPA) of 95.6% 

and relative bioavailability (RBA) of 85.7%. 

In comparison to traditional subcutaneous 

injection, this study shows that dissolving 

patches are effective in treating diabetes 

because they provide enough relative 

bioavailability (RBA) when used for insulin 

administration [79]. 

Researchers have developed a 

biodegradable microneedle patch to prevent 

cancer immunotherapy by distributing 

hyaluronic acid (HA) antigen-peptide 

conjugates [80]. Biodegradable HA 

microneedle patches conjugated with the 

cytotoxic T-cell epitope peptide (SI-INFEKL) 

efficiently transfer antigens to the cutaneous 

immune system. A single transdermal 

immunization with an MN patch increased 

antigen-specific cytotoxic T-cells, which in 
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turn accelerated tumor growth in mice 

modelled by B16 melanoma. 

An additional research team created 

sodium thiosulfate (ST) and sodium 

nitroprusside (SNP) transdermal 

administration via a hypotensive 

biodegradable patch [81]. The research created 

a biodegradable patch with soluble 

microneedles that contains SNPs and STs to 

treat hypertension. The antihypertensive 

microneedle treatment (aH-MN) met the 

clinical criterion for hypertension control by 

rapidly and efficiently lowering blood pressure. 

The patch's effectiveness and user-friendliness 

were further demonstrated when it prevented 

potential organ damage from continual SNP 

consumption. 

In the cosmetics sector, transdermal 

patches are also frequently utilized. However, 

when carelessly disposed of in public spaces, 

the non-biodegradable polymers used in 

cosmetic patches constitute a hazard to the 

environment. Because biodegradable 

polylactic acid (PLA) is non-toxic, it was 

suggested in one study. The 

PLA/phycocyanin-alginate composite with the 

optimum film flexibility and release qualities 

was produced at 20 °C for 20 hours with a 

phycocyanin/alginate ratio of 40/60, according 

to the results [82]. While the overall results are 

encouraging, more in vivo or clinical study is 

needed before substantial improvements can 

be made. 

6.4. Release/High Loading Patches  

High drug loading and controlled release 

are necessary for long-acting transdermal drug 

delivery. A novel hydroxyphenyl (HP) 

treatment of pressure-sensitive adhesive (PSA) 

improves drug-polymer miscibility and 

permits controlled drug release. Because the 

reversible and reasonably strong dual-ionic H-

bonds between drugs and HP-PSA enable 

patches to modify drug loading and release rate 

without changing the release profile overall 

[83]. 

It has been discovered that the HP-PSA-

based high-load patch may administer drugs 

for longer periods of time by increasing the 

area under the concentration-time curve 

(AUC), preventing rapid release, and 

extending the average stay length by more than 

six times. It also satisfies all safety and 

mechanical criteria. Mechanistic 

investigations demonstrate that the repulsion 

of ionic pharmaceuticals facilitates drug 

loading in HP-PSA, which can be considerably 

controlled by strong contacts. More inspiration 

for non-polar drug delivery methods comes 

from the creation of double-ionic H-bonds. 

Strong intermolecular hydrogen and ionic 

bonding are frequently used by pharmaceutical 

polymers to avoid drug recrystallization, 

although this lowers the transdermal patch 

release rates of the medication. A novel drug 

IL strategy has been created by researchers to 

improve medicine loading [84]. 

The prototype polymer, a pressure-

sensitive adhesive (PSA) produced from 

carboxyl, increased the drug load five times. 

Strong ionic and normal hydrogen connections 

were produced by the carbonyl groups of the 

medication and PSA, enabling the production 

of high-drug load, high-release patches. In a 

subsequent investigation, NSAIDs, 

specifically ibuprofen, were administered via 

COOH polyacrylate polymer (PA-1) and the 

drug concentration and epidermal uptake of 

PA-1 increased by 2.5 and 2.4 times, 

respectively. Using dielectric spectroscopy, 

EPR spectra, the four-point probe method, and 

molecular modeling, the improved 

conductivity of PA-1 was verified. According 

to the results, ion-ion repulsion via hydrogen 

bond reduction may be a workable method for 

developing large-capacity, high-emission 

patches [85]. 

7. Possible Usage of Transdermal Patches  

A number of medicinally effective 

medications sold as transdermal patches were 

previously mentioned in Table 2. Numerous 

prospective applications for transdermal 

patches have been investigated as research and 

technology have progressed; some are outlined 

below.  
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7.1. Transdermal Patches for Heart 

Conditions  

In a heart failure scenario, the reduced 

ventricular ejection fraction results in 

hypoperfusion systemic conditions, for which 

pharmacokinetics (PK) and 

pharmacodynamics (PD) are usually regulated 

[86]. Renal failure also results in decreased 

medication metabolism and metabolite 

clearance [87]. Furthermore, medication 

absorption is hampered by hypoalbuminemia 

and hepatic congestion brought on by heart 

failure [88]. Consequently, a drug transport 

option is offered by transdermal patch 

transport devices. One nonselective beta-

adrenergic blocker is propranolol. With a 

bioavailability of roughly 23%, it dramatically 

affects the hepatic first-pass metabolism when 

taken orally [89,90]. Oral propranolol yielded 

a Cmax of 56.4 ng/mL in 13.2 minutes, 

according to a previous study on animals using 

rabbits. However, because liver metabolism 

was involved, its bioavailability was only 12.3% 

[90]. Nevertheless, during an 8-hour lag period, 

the transdermal propranolol patch did achieve 

a steady-state plasma concentration (Css) of 

9.3 ng/mL, demonstrating a bioavailability 

that was 74.8% greater than that of oral 

propranolol [90]. 

In contrast, bisoprolol is the active 

ingredient in Bisono® Tape, a transdermal 

patch [91]. It is intended to treat atrial 

fibrillation [92], orthostatic hypotension 

resulting from heart failure [93], premature 

ventricular contraction [94], and aortic 

dissection [95]. Systemic edema did not 

influence the absorption of beta-blockers via 

topical patches, according to a study 

comparing edematous and non-edematous 

patients utilizing Bisono® Tape 4 mg patches. 

The non-oedematose group's Cmax was 17 

ng/mL, whereas the oedematose groups were 

13.3 ng/mL. The purpose of the study was to 

determine how systemic edema affects patient 

outcomes [96]. 

Another antihypertensive drug applied 

topically as transdermal patches is clonidine. 

First used to treat hypertension, clonidine is an 

α 2-adrenergic agonist [97]. It was utilized to 

treat conditions including drug withdrawal 

syndrome and attention-deficit hyperactivity 

disorder (ADHD) [98]. Introduced in 1983, the 

FDA approved the transdermal clonidine patch 

in 1984 [99]. Since then, a comparison of 

transdermal and oral clonidine has been 

carried out [100].  

Transdermal clonidine had a longer half-

life (31.9 h vs. 10.8 h) than oral clonidine (0.39 

ng/mL) according to the results, although there 

was no difference in Cmax between the two. 

They also found no difference in the 

antihypertensive effect [100]. Additionally, 

research is being done on the transdermal 

delivery of losartan, an angiotensin II receptor 

blocker (ARB). Proniosome transdermal drug 

administration was previously developed and 

studied in a study conducted on the cutaneous 

of rats. When given orally, transdermal 

losartan has been identified to give rise to a 

Cmax of 152 ng/mL and 151 ng/mL. On the 

other hand, oral losartan has a bioavailability 

that is 1.93 times lower than transdermal 

losartan [101]. 

Another medication that is important to 

discuss in cardiovascular therapy is 

nitroglycerin. After administering 

nitroglycerin in multiple doses to treat angina 

pectoris, Lauder Blanton initially observed 

medication resistance in 1867 [102]. Ferid 

Murad discovered that cyclic guanosine 

monophosphate (cGMP), which is stimulated 

by nitric oxide (NO) from nitroglycerin, 

causes vasodilation in vascular smooth muscle 

[103]. Gale and Berggren invented the earliest 

transdermal nitroglycerin patch in 1985 

(Patent access US-4615699-A). 25 men in 

good health were given Nitro-Dur and Nitro-

Dur II transdermal patches in a two-way cross 

over study conducted a year later. The patches' 

corresponding average Cmax values were 

0.383 ng/mL and 0.432 ng/mL [104]. 

7.2. Vaccination patches applied 

transdermally  
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Transdermal patches, which can administer 

vaccinations via the cutaneous and may be a 

more convenient and painless option than 

injections, are being developed by researchers. 

The smallpox vaccine patch made using 

microneedles is a prime example. Three weeks 

following inoculation, animals receiving this 

vaccine patch developed neutralizing 

antibodies. The transdermal patch may be used 

as an alternate method of immunization and 

maintenance because levels were sustained for 

12 weeks and an important rise in IFN-

secreting cells was observed [105].  

To immunize against influenza, a different 

research team developed a patch with lytic 

microneedles that focuses on cell types that 

present antigen on the skin. A bio-compatible 

polymer containing a blocked virus from an 

influenza vaccine for quick cutaneous 

breakdown was used to make microneedles. 

The patch produced robust antibody and cell-

mediated immunity responses in mice, 

offering total defense versus fatal challenge. 

According to the results, a transdermal patch 

can be used to administer vaccinations more 

easily, safely, and with better immunogenicity, 

which could lead to a higher immunization rate 

[106]. 

7.3. Transdermal Infectious Disease 

Patches 

Advances in transdermal drug transport 

methods allow for the development of novel 

drug transport tactics. Currently, attempts are 

underway to test the transdermal transport of 

more medications, including vaccinations and 

antibiotics. Regarding transdermal antibiotics, 

solid lipid nanoparticles (SLNs) and the 

zwitterionic characteristic cephalexin were 

combined to develop a transdermal cephalexin 

patch.This demonstrated a consistent 

antimicrobial action while using little 

antibiotics [107].  

An alternative method is to put amoxicillin, 

ampicillin, and kanamycin onto bacterial 

cellulose/polycaprolactone (BC/PCL) patches 

for the development of transdermal 

administration. These techniques have a strong 

bactericidal effect on E. coli and 

Staphylococcus aureus [107]. Additionally, 

hydrogel-forming microarray patches meant 

for transdermal application have tetracyclines 

added to them. The Cmax of this technique 

was assessed in an in vivo study using rats, and 

it was 7.40 μg/mL at 24 hours as contrasted to 

5.86 μg/mL at 1 hour for oral tetracycline 

[108].  

7.4. Transdermal Gene Therapy Patches 

Recent studies have explored the transfer 

of genetic material to damaged cells via 

transdermal patches as a means of gene 

therapy [109]. The goal of this creative 

research was to introduce genes and 

photothermic substances into cancer cells at 

the same time. Because of this, a two-step 

technique known as casting was used to 

generate transdermal patches that included 

both p53 DNA and the near-infrared dye 

IR820. Before p53 DNA and IR820 were 

typically utilized to the patches, hyaluronic 

acid was originally created as the structure of 

the matrix. The patches effectively released 

p53 DNA and IR820 at subcutaneous tumor 

locations after penetrating the stratum 

corneum and quickly disintegrating. Because 

gene therapy and photothermal agents work 

well together, the patch demonstrated a strong 

anti-tumor impact in vivo. Based on these 

findings, a transdermal patch appears to be a 

viable therapy option for subcutaneous tumors 

[110]. 

7.5. Transdermal Insulin Transport 

Patches 

For diabetics, who may have high blood 

sugar because they cannot use the insulin that 

their bodies make, transdermal insulin transfer 

patches are used to deliver insulin. To address 

the issue of insulin inadequate use, several 

delivery systems have been developed, 

including ionic liquids, liposomes, 

nanomaterials, choline bicarbonate, and 

geranic acid (CAGE) [111,112].  

In place of more conventional insulin 

transport techniques like injections and insulin 

pumps, transdermal patches can offer a 
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discreet and practical option [113]. The 

patches are intended to release a steady 

quantity of insulin over a predetermined 

amount of time, and they are usually put to the 

cutaneous on the thigh, upper arm, or belly. 

Notably, creating transdermal patches for 

insulin transport involves a number of 

obstacles. Large protein molecules like insulin 

are difficult for the cutaneous to absorb. In 

order to get around this, scientists have created 

a novel method of transdermal protein 

transport that uses a double-beded, spherical, 

the tip of a water-swellable microneedle (MN) 

patch. With this design, MNs can selectively 

enlarge distally after cutaneous insertion to 

mechanically engage soft tissue. Moreover, 

the loaded proteins were released over an 

extended period of time due to passive 

diffusion through the expanded tips. After 12 

hours in saline, insulin-loaded MN patches 

released 60% of the insulin, and around 70% 

of the emitted insulin seemed to maintain its 

integrity as a structure. According to research 

on animals, swollen MN patches take longer to 

release insulin, which causes blood glucose 

levels to gradually drop [114]. All things 

considered, transdermal patches for insulin 

transport have promise as a practical and 

efficient way to give insulin to diabetic 

patients. To maximize the effectiveness and 

safety of these products, more investigation 

and development are yet required. 

 

 

7.6. Transdermal patches for hormonal 

insufficiency and contraceptive  

In 1938, castrated male guinea pigs were 

given testosterone ointment, which marked the 

beginning of transdermal hormone delivery. 

Research has looked into treating amenorrhea 

by using follicle-stimulating hormone and 

estrone topically. With a typical steady-state 

plasma estradiol level of 38 ng/L, the first 

transdermal patch containing estradiol was 

introduced in 1984.  

A transdermal matrix transport technique 

was then used in the development of 

Menorest® [115,116]. Improved local 

tolerability, less plasma estradiol volatility, 

and a superior pharmacokinetic profile are all 

provided by the matrix transdermal 

administration system. At steady state, 

Menorest® 50 exhibited a Cmax of 51 pg/mL 

(0.051 ng/mL). Then, Climara, an updated 

version of the transdermal matrix patch for 

estradiol, was introduced. At a steady state, 

Menorest's Cmax was 87 pg/mL or 0.087 

ng/mL, whereas Climara's Cmax was 98 

pg/mL (0.098 ng/mL) at a nominal dose of 50 

µg in 24 hours. Menorest, on the other hand, 

absorbs substances more quickly and takes less 

time to reach the maximum concentration 

(Tmax) [117–119]. 

Another estrogenic medication used for 

contraception is ethylestradiol. The FDA 

authorized Ortho EvraTM, the first 

transdermal ethinyl estradiol contraceptive, in 

November 2001. It consists of ethinyl estradiol 

and norelgestromin together. According to a 

related pharmacokinetic research, transdermal 

ethinylestradiol had a minimum half-life of 

16.1 and a Cmax of 58.7 to 71.2 pg/mL at 

various application field sites. Early research 

on the effectiveness of transdermal 

ethinylestradiol patches revealed statistically 

significantly greater drug compliance than oral 

pills [120–122]. 

Conversely, male hypogonadism has been 

treated with testosterone. Numerous 

techniques are available for the administration 

of testosterone, including transdermal 

testosterone patches (both matrix and reservoir 

variants) and intravenous testosterone 

enanthate. Intravenous therapy resulted in a 

Cmax of more than 1200 ng/L (1.2 ng/mL) 24 

hours after administration, with a long half-life 

of 7-9 days (Drugbank access: DB13944). The 

typical Tmax for reservoir testosterone 

transdermal patches, like Androderm, was 

eight hours, and the Cmax at 16 weeks of 

therapy was 765 ng/L (0.765 ng/mL). 

However, following 15–19.5 hours of therapy, 

novel matrix-type testosterone transdermal 

patches demonstrated increased testosterone 
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levels (mean Cmax ranging from 4.33 to 6.18 

ng/mL). Testosterone normally has a half-life 

of 1.3 hours following cutaneous removal 

from the patch [123–125]. 

7.7. Transdermal Patches for Disorders 

of the Central Nervous System (CNS)  

Creating transdermal drug transport 

systems for medications pertaining to the 

central nervous system has benefits. At plasma 

levels, it firstly provides a therapeutic dosage 

that is sustained. Secondly, the transdermal 

drug administration approach demonstrated a 

superior pharmacological pattern and 

bioavailability. Thirdly, clients tolerate it well, 

reducing systemic adverse reactions [126]. 

The pharmacokinetics of rivastigmine, 

donepezil, asenapine, rotigotine, 

methylphenidate, and asenapine using 

transdermal and nondermal methods are 

discussed here.  

Ritalin, sometimes referred to as 

methylphenidate, inhibits dopamine reuptake 

and presynaptic NE, which activates precortex 

neurons in the treatment of ADHD. For 

chewed sustained-release tablets, the Cmax is 

20.75 ng/mL, but the Tmax for immediate-

release tablets is 2.36 hours. The elimination 

half-life of methylphenidate is 5.33–5.69 

hours [127]. 

Depending on the size of the patches, the 

mean Cmax and mean Tmax of 

methylphenidate transdermal patches ranged 

from 20.0 to 46.5 ng/mL and 7.12 to 8.78 hours, 

respectively [128]. Nowadays, rogigotine-

containing transdermal patches are used to 

treat Parkinson's disease [129]. Over the 

course of a period of one day, this medication 

exhibits proportional to the dose 

pharmacokinetics and constant plasma 

concentrations [130]. The terminal half-life of 

a single cutaneous dose of rotigotine (4 mg/24 

h) administered in a pilot study was 5.3 h, and 

the mean Cmax was 0.56 ng/mL at 19 h [131]. 

Selegiline, also sold as the brand name 

Emsam, is a different medication indicated for 

treating Parkinson's disease. It is an 

irreversible blocker of monoamine oxidase 

that mainly works against monoamine oxidase 

B. At excessive doses, it can inhibit 

monoamine oxidase A, which raises serotonin 

and norepinephrine levels in the brain [132]. In 

a prior review, the pharmacokinetics of 

selegiline tablets in individuals with 

Parkinson's disease were examined. The Cmax 

for tablets weighing 2 × 5 mg is 0.9–2.2 ng/mL, 

measured 0.6–0.9 hours after oral 

administration [133,134].  

One selegiline transdermal system (STS) 

patch, administered 16.5 to 17.3 hours after the 

first dose, has a Cmax of 2.1 ng/mL. The 

transdermal selegiline patch has an elimination 

half-life of between 27.6 and 36.6 hours 

[133,134]. The major depressive disorder 

group's Cmax for the pharmacokinetics of 

selegiline was 2.162 ng/mL following 18.4 

hours of transdermal application of the 6 

mg/24 h patch. 20.1 hours was the elimination 

half-life [135]. 

 Asenapine is an additional medication 

intended for the treatment of schizophrenia 

and the manic phase of bipolar disorder. After 

1.75 hours, in a steady state, the sublingual 

asenapine dosage of 5 mg BID resulted in a 

Cmax of 4.23 ng/mL. The 10 mg BID dose 

resulted in a Cmax of 6.56 ng/mL after 1.96 

hours. Their half-lives were 17.7 hours for 

both. On the other hand, the transdermal 

asenapine patch's Cmax was 1.14 to 4.68 

ng/mL following twelve to sixteen hours of 

use, as per the patch design. The transdermal 

asenapine patch has a half-life of 33.9 hours 

[8,9]. 

Cholinesterase inhibitors such as 

galantamine, rivastigmine, and doneezil are 

used to treat Alzheimer's disease [136]. These 

medications improve mild-to-moderate 

Alzheimer's disease by cholinergic 

transmission [137]. Oral donepezil has an 

elimination half-life of 53.8-82.8 hours and a 

Cmax of 3.2-11.6 ng/mL [138]. The half-life 

of transdermal donepezil's elimination is 

63.77-94.07 hours, and its Cmax is 5.24-20.36 

ng/mL [23]. 
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Based on research, the rivastigmine patch 

has a Tmax that is 14 times longer and a Cmax 

that is 20% lower than the oral solution. In this 

investigation, the average Cmax achieved by 

rivastigmine 3 mg oral solution in an hour was 

7.63 ng/mL. Moreover, 1.45 hours was the 

elimination half-life [43,44].  

Alternatively, a transdermal patch with 9.5 

mg of rivastigmine per 24 hours resulted in an 

elimination half-life of 3.02 hours and a Cmax 

of 5.84 ng/mL after an average of 14.1 hours 

[43,44]. A pill containing 10 mg of 

galantamine had an elimination half-life of 

5.68 h and a Cmax of 49.2 ng/mL at 0.88 h 

[139,140]. While there aren't any transdermal 

galantamine patches available right now, there 

have been a number of attempts to create one. 

For example, TAHO Pharmaceuticals' 

innovative patch TAH-8801 is presently going 

through Phase III studies. Furthermore, a 

group of scientists is developing pressure-

sensitive adhesive patches for continuous 

transdermal application of galantamine [141]. 

According to the study, the maximal level 

(Cmax) of vancomycin therapy in mouse 

models was 1.58 μg/mL at 24 hours, 3.29 

μg/mL at 48 hours, 3.37 μg/mL when 

administered orally, and 50.34 μg/mL when 

administered intravenously [142]. 

8. Conclusions and Upcoming Difficulties 

With numerous Transdermal patch 

technology is a practical medication transport 

approach with advantages over other 

administration techniques. Patches can deliver 

continuous drug dosing for a longer amount of 

time by preventing the first-pass metabolism 

and digestive system. Medication for a variety 

of ailments, including as motion sickness, 

chronic pain, and hormone replacement 

therapy, is commonly given to them. 

Transdermal patch technology has advanced 

significantly in recent years, with the creation 

of smart, biodegradable/solvent, high-

loading/release, and three dimensional-printed 

patches among its numerous innovations. 

Transdermal patches hold promise as a 

convenient and efficient drug transport method 

for a range of conditions; But there are some 

challenges that must be overcome. These 

involve the potential for misdosing to cause 

self-inflicted toxicity, inadequate adhesion, 

insufficient drug penetration, cutaneous 

irritation, and patch failure. To maximize this 

transport mechanism's safety and effectiveness, 

more study and development are required. 
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 التطورات في أنظمة توصيل الأدوية عبر الجلد: الابتكارات والتطبيقات والاتجاهات المستقبلية

 .1ر، رشاد النم1ر، نبيل البصي1الغني، أحمد 1عبد الله البجلي *،1أمين محمد الوصابي

 قسم الصيدلة، كلية الطب والعلوم الصحية، جامعة الرازي، صنعاء، اليمن1

 الخلاصة: 

وغير جراحية لتوصيل الدواء من خلال الجلد مباشرة إلى الدورة  تقدم أنظمة توصيل الدواء عبر الجلد تقنية مريحة 

الدموية. كما توفر هذه الأنظمة عدة مزايا مثل تجاوز الأيض الأولي، وتجنب الجهاز الهضمي، والسماح بالجرعات 

لرقع الخزانية، المستمرة على مدى فترات طويلة. تأتي الرقع الجلدية في أنواع متعددة، بما في ذلك الرقع المصفوفية، وا 

وتشمل  الدواء.  إطلاق  في  للتحكم  مميزة  آليات  نوع  ولكل  ميكروالخزان،  وأنظمة  الدواء،  على  المحتوية  والرقع 

ذائبة التي  التطورات الحديثة الرقع الذكية التي تحتوي على أجهزة استشعار لمراقبة وضبط توصيل الدواء، والرقع ال 

تحل مشكلة التخلص منها، والرقع ثلاثية الأبعاد المطبوعة للطب الشخصي، والرقع عالية الحمولة لزيادة فعالية الدواء. 

وتمتد التطبيقات المحتملة لتشمل توصيل اللقاحات، وعلاج الجينات، ونقل الأنسولين لإدارة مرض السكري، وعلاج 

الرقع الجلدية في التطور، مما يقدم حلاً واعداً لمجموعة من الاحتياجات العلاجية.   أمراض القلب. مع تقدم البحث، تستمر

التكنولوجية  التطورات  على  التركيز  مع  الجلد،  عبر  الدواء  لنقل  الطبية  الرقع  واستخدام  إنشاء  المقال  هذا  يغطي 

 .الحمولة، وثلاثية الأبعادوالإبداعية الحديثة التي أدت إلى إنشاء الرقع الذكية، القابلة للتحلل، عالية 
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