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ABSTRACT:  

Consequently, the developments in transdermal delivery systems for Tadalafil are a shift in the management 

of erectile dysfunction and benign prostatic hyperplasia. The main disadvantages of conventional oral 

formulations are poor absorption, first-pass metabolism, and a number of side effects that may compromise 

patient compliance. Nonetheless, there are drawbacks associated with these formulation types, which have 

been overcome to a large extent by transdermal formulations such as patches and formulations at the nano 

scale Further, the slow and sustained release typical of transdermal delivery has been linked to lessened 

system toxicities, thus improving patient compliance. It has also reduced the bioavailability and steady state 

drug concentrations than that of transdermal Tadalafil, which increases the therapeutic efficacy. Research 

work has also started to support these innovations and the potential of the transdermal Tadalafil in offering 

better results than the oral Tadalafil has been proved. Further studies are being conducted on the ways to 

improve the efficiency of Tadalafil administration, and all of them show a positive trend in this regard. 

Subsequent studies will also be required to determine uniform transdermal formulations and elaborate on 

therapeutic possibilities in uncommon patient groups. As the methods of transdermal drug delivery develop 

all over the world, the possibility to enhance the usage of Tadalafil for patients can be seen. This shift is not 

only expected to increase the effectiveness of therapy but also to increase the general quality of life of 

patients. Transdermal Tadalafil can be considered a new moving step in the search for which the most 

adequate therapeutic solution for erectile dysfunction may exist.  
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I. INTRODUCTION  

Some physicians prescribe tadalafil for men who have ED or BPH because this agent belongs to the group 

of (PDE5) inhibitors [1]. How it does this is by reducing the tones of the smoother muscles within the penis 

thus promoting erection function besides enhancing the blood supply to this organ. Generic oral agents for 

Tadalafil have several drawbacks, whereas controlled drug has been verified to have an impact on erectile 

dysfunction and urinary signs. Essential issues include poor solubility, extensive pre-systemic elimination, 

and interday variability in drug intake. Some of the outcomes of these problems include; fluctuating therapy 

effectiveness and low therapy compliance [2]. However extemporaneous formulations and patches present 

new vistas for the management of these problems and the transdermal drug delivery systems (TDDS) are 

being developed as a new outlet in this field. Transdermal drug delivery systems are especially helpful in 

that a medicine can be administered through the skin, bypassing the gastrointestinal tract and first-pass effect 
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[3]. This method increases the bioavailability of Tadalafil, and besides, allows to achieve gradual and 

sustained release of the medicine that helps to avoid plasma concentration peaks and troughs. A further 

advantage of the transdermal approaches is that they provide better patient compliance than oral 

administration because of reduction of the systemic side effects [4]. New advanced technologies under 

TDDS for Tadalafil include, Transdermal patches, Nano formulations and permeation enhancer [5]. This 

review will explore these advances in the context of Tadalafil therapy through the enhancement of 

transdermal administration into further details indicating its possibilities, clinical impacts and perspectives 

[6].  

2. Challenges of Oral Tadalafil Problems arising from oral formulation of Tadalafil are several and plays 

significant role in determining the therapeutic outcomes as well as patients’ compliance even though the 

medicine has been confirmed to effectively manage erectile dysfunction and benign prostatic hyperplasia 

[7]. Oral Bioavailability and First-Pass Metabolism Among them, the oral bioavailability which ranges from 

1436% for Tadalafil. Most of the medicine is metabolized within the liver before it gets into the blood 

stream, and this is why its bioavailability is very low [8]. This metabolic process makes the plasma 

concentrations vary, which leads to its therapeutic consequences to be inconsequential at the most. There 

are numerous factors that can affect absorption with food consumption being one of them; for instance, 

patients searching for that breakthrough moment to have the drug work may again be in for a surprise to 

discover that eating a high fat meal will slow the onset of such an effect [9].  

Adverse Effects Related to Oral Administration  

Possible side effects of tadalafil are back pains, nasal congestion, redness of the skin, heartburn, and 

headaches. Unfortunately, patients receive poor therapeutic experiences since these side effects are 

discouraging to continue with therapy and can significantly alter their quality of life. Patients and the 

physicians who prescribe them this drug should weigh the risk/benefit ratio because of the risk of 

interactions with nitrates [10]. 

Patient Compliance and Associated Issues  

Any treatment that is prescribed really relies on the compliance of the person who has the illness. The drug 

substance is absorbed orally through the gastrointestinal tract but the use of oral Tadalafil may be erratic 

due to a variety of reasons such as gas formations, lower bioavailability and risk of side effects [11]. Due to 

the necessity of adjusting dosage to meal times or because of adverse effects that ensue patients may decide 

not to take the medicine or forget to take it all together. These problems with compliance therefore call for 

a new administration method of Tadalafil which are easier for the patient but have the same effective 

therapeutic index. Pharmacokinetics could be enhanced through TDDS in turn making the incidences of 

side effects decrease hence increasing patient compliance [12].  

3. Formulation Approaches for Tadalafil Transdermal Delivery  

Several formulation techniques of Transdermal Tadalafil delivery have been formulated due to the 

drawbacks that come along with oral delivery systems. Two of the most familiar techniques that attempt to 

enhance effectiveness are nanoencapsulation and transdermal systems [13].  

3.1. Patches  

The several approaches that are widely common and effective of delivering Tadalafil, and the patches cannot 

go unnoticed. These skin-adhering patches make the medicine slowly unravel in the patient’s body for a 

long time [14]. Anticipated advantages of patch application are higher drug bioavailability, reduced first-

pass effect and better patient compliance.  
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Tadalafil leave-donning patch formulation also works by using permeation enhancers to increase the 

likelihood that Tadalafil will pass through the skins outer layer. These enhancers increase the size of the 

molecules of a drug to make them  

penetrate the skin more easily by breaking the stratum corneum, the external layer of the skin for a while 

[15]. For the purpose of augmenting skin permeability without causative inflammation, the usage of 

chemicals known as permeation enhancers, such as ethanol, surfactants, and other fatty acids are 

incorporated. From the formulation and the use of suitable permeation enhancers, patches can discharge 

Tadalafil in a steady-state manner. This causes the plasma concentration to occur more prevailingly and the 

therapeutic efficacy to be superior [16].  

3.2. Nano-formulations  

One new approach to enhance Tadalafil transdermal delivery system is with nano-formulations such as 

liposomal and nano-emulsified. The reconfinement of the medicine in liposome, a vesicular structure made 

up of phospholipid bilayer, provides it with better stability and certainly enhances its solubility in water 

[17]. Nano liposomes enhance penetration of substances in the dermal layers and can be made smaller to 

penetrate deeper into the skin Nano emulsions on the other hand are small oil in water or water in oil 

emulsions of lipophilic drugs such as Tadalafil. Nano emulsions in general possess a greater surface area 

for absorption compared to macroemulsions and there is a better compatibility between the droplets and 

skin tissues. Other advantages of these formulations are that their skin permeability and drug absorption can 

be further improved if they are used in combination with permeation enhancers [18].  

4. Pharmacokinetic Advantages of Transdermal Tadalafil  

Pharmacokinetic properties of tadalafil transdermal administration systems have potential therapeutic 

advantages that can contribute to the enhanced therapeutic efficacy and satisfaction of patients [20].  

Improved Bioavailability and Steady Drug Levels  

Another advantage is a significantly higher Bioavailability of Transdermal Tadalafil in comparison with 

more traditional oral administration. Compared with oral administration, this delivery system raises the 

percent of the drug entering systemic circulation, since it does not have to pass through the GI tract and be 

subjected to first-pass metabolism [21]. Due to being metabolised in the liver, Tadalafil is only 15% 

absorbed through the oral route, which is very suitable for it. Tadalafil is better absorbed through transdermal 

patches or nanoformulations giving a higher concentration in plasma and more desirable therapeutic effects 

[22].  

Also, Tadalafil can be delivered through skin in a preprogrammed and constant dose for an extended 

duration. This way of administering the drug controls the concentration of drug in the blood and not the up 

and down motion that is normally associated with this sort of delivery of drugs. It is therefore possible to 

have better counter variations compared to effects of intermittent oral administration so patients get better 

erectile performance or bladder symptoms [23]. 

Reduced Systemic Side Effects  

Transdermal Tadalafil will therefore have less systemic adverse effects is another advantage that comes 

along with the delivery system [24]. Nausea, face flushes, and diarrhoea are some of the side effects 

associated with one that has used oral Tadalafil. From the past, this is because the drug achieves high plasma 

concentrations when taken orally. Nonetheless, the drug concentration is lower with transdermal route than 

with oral, because it takes time for the drug to be absorbed into the bloodstream. Steady-state 
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pharmacokinetics reduce the effects of side-effects of medication hence patients might be in a better position 

to adhere to well laid down prescription regimes [25]. Carrying out the administration of Transdermal 

Tadalafil, one can also reduce the potential interference and side effects posed by high plasma concentration; 

this will especially be so for clients who are on Multiple drugs [26]. Though different from other traditional 

oral drug delivery systems, transdermal systems for Tadalafil have their advantages in terms of 

pharmacokinetic characteristics, which enhance the therapeutic effect and reduce toxicity [27].  

Oral Tablets  Tablets  Convenient and 

widely accepted  

Low 

bioavailability, 

first-pass 

metabolism  

Cialis  

Transdermal 

Patches  

Patches  Bypasses GI tract, 

steady release  

Skin irritation, 

formulation 

stability  

Tadalafil 

Transdermal Patch  

Nanoemulsions  Liquid formulation  Enhanced skin 

permeation, 

improved solubility  

Formulation 

complexity, 

stability issues  

Tadalafil 

Nanoemulsion  

Microneedle 

Patches  

Solid patch  Painless delivery, 

rapid onset  

Requires special 

equipment for 

application  

Tadalafil 

Microneedles  

Hydrogel 

Formulations  

Gel  Moisturizing effect, 

controlled release  

Limited skin 

penetration  

Tadalafil Hydrogel  

Liposomal 

Formulations  

Liposomes  Targeted delivery, 

reduced side effects  

Production cost, 

stability concerns  

Tadalafil 

Liposomes  

Emulsion-based 

Systems  

Cream/Lotion  Enhanced 

absorption, patient-

friendly  

Formulation 

stability  

Tadalafil Emulsion  

Sustained-release 

Tablets  

Tablets  Extended drug 

release, improved 

adherence  

Potential for dose 

dumping  

Extended-release 

Tadalafil  

Ointments  Ointment  Localized effect, 

easy to apply  

Messy application, 

potential for 

systemic absorption  

Tadalafil Ointment  

Film-forming 

Solutions  

Film  Fast-drying, easy 

application  

Requires careful 

handling  

Tadalafil Film  

 

5. Clinical Studies  

Clinical studies looking at the safety and efficacy of Tadalafil delivered trans dermally based on patients’ 

satisfaction have been carried out since switching from oral to transdermal delivery of this new modality 
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[29]. The increasing evidence on its effectiveness is shown in this section, including the major studies and 

current studies available yet.  

Zhang et al. (2019) aimed at describing the pharmacokinetics, efficacy, and safety of Tadalafil transdermal 

patches in males with erectile dysfunction which is a frequent complaint [30]. The topical gel advanced 

erectile function scores in the trial significantly more than oral Tadalafil. Furthermore, the pharmacokinetics 

of the transdermal method was better with less side effects such as stable plasma levels and reduced peak 

concentration.  

Continuing with the development of transdermal Tadalafil preparation, Kumar et al. and his team produced 

another important study in 2021 on preforming Tadalafil transdermal systems based on nanoemulsions [31]. 

They indicated the effects in animal model were better than those observed in animal model including 

increased skin penetration and improved therapeutic outcomes. According to the outcome, it is possible to 

assume that the nanoemulsion formulation may be as effective as oral Tadalafil while accompanied by much 

fewer side effects [32]. 

As of the current advancement in enhancing the delivery of Tadalafil through the skin further Researchers 

are now appreciating other methods of administration, including microneedle patches and liposomal 

formulations [33]. Ultimately, from what research data has been gathered early on, these relatively new 

technologies can enhance bioavailability and patient concordance even more.  

From the research studies on Transdermal Tadalafil, there is likelihood of enhancing therapeutic outcomes 

and experiences in the patient [34]. Which makes it possible even in comparison with oral preparations of 

the medicine. There will still be further need for development of standardized method and formulations for 

more general use in clinical practice [35].  

 

Benefit  Description  Evidence 

Supporting-

Benefit  

Clinical 

Implications  

Patient 

Perspective  

Improved 

Bioavailability  

Higher absorption 

rates compared to 

oral forms  

Studies showing 

higher plasma 

concentrations  

Enhanced 

therapeutic 

efficacy  

Less need for 

frequent dosing  

Steady Drug 

Levels  

Maintains 

consistent plasma 

levels  

Reduced peak-

trough fluctuations  

More predictable 

effects  

Increased 

satisfaction  

Reduced Side 

Effects  

Lower systemic 

exposure reduces 

adverse reactions  

Fewer reports of 

headaches and 

flushing  

Improved 

tolerability  

Better adherence  

Rapid Onset of 

Action  

Faster therapeutic 

effects than oral 

forms  

Quicker relief 

reported in clinical 

trials  

Suitable for on-

demand use  

Immediate results  

Ease of Use  Non-invasive and 

convenient 

application  

High patient 

compliance in 

studies  

Encourages 

adherence  

User-friendly  
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Reduced First-

Pass Metabolism  

Bypasses liver 

metabolism  

Evidence of higher 

effective dose 

availability  

Improved 

effectiveness for 

patients  

Fewer interactions 

with other drugs  

Potential for 

Customization  

Tailored 

formulations for 

individual needs  

Ongoing research 

into personalized 

patches  

Better outcomes 

for diverse patient 

needs  

Personalized 

treatment options  

Long-lasting 

Effects  

Sustained delivery 

over extended 

periods  

Studies indicate 

prolonged 

therapeutic action  

Reduced 

frequency of 

administration  

Less disruption in 

daily routine  

Adaptability to 

Patients  

Various 

formulations to 

suit patient 

preferences  

Research into 

different 

application 

methods  

Flexibility in 

treatment plans  

More options for 

management  

Reduced Drug 

Waste  

Efficient delivery 

minimizes waste  

Studies show 

lower drug 

quantities required  

Cost-effective 

treatment  

More economical  

 

6. Conclusion  

Finally, the management of erectile dysfunction and benign prostatic hyperplasia has been revolutionized 

thanks to the Tadalafil transdermal delivery systems. The problems such as low bioavailability, first pass 

metabolism, and several side effects reduce patient compliance that hinders traditional oral formulations. 

However, lately significant advancement has been noted in treating these problems especially with 

formulations like patches and nano formulations.  

Pharmacokinetic advantages of the transdermal Tadalafil consist of; the improved therapeutic effect because 

of the enhanced bioavailability as well as the avoidance of fluctuations of the drug concentration. Secondly, 

while the transdermal delivery is slow, it has been credited with reducing the incidence of side effects as 

patients’ tolerance and pleasure increase.  

It is a rebound that several new clinical trials suggested that the application of transdermal Tadalafil is almost 

as effective as oral method is, if not more effective. The potential for additional Tadalafil therapy 

optimization is being further stressed by further exploring the new approaches to therapy delivering. The 

potential of a lesser invasive route to deliver Tadalafil is becoming apparent as the field of transdermal drug 

delivery system emerges. It would be useful to consider that both therapeutic effectiveness and overall 

quality of life for all patients in general will improve as a result of this change. Future work would remain 

focused on creating more definitive transdermal formulations and evaluating their usability in different 

patients. New findings on Transdermal Tadalafil would allow better and more nuanced treatment of erectile 

dysfunction.  
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