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Abstract 

This study delves into the burgeoning field of herbal-based transdermal patches, specifically focusing on 

their potential as a novel approach for alleviating inflammation. Transdermal patch technology stands as a 

beacon of innovation in drug delivery, offering a non-invasive and meticulously controlled method for 

administering therapeutic agents. Within this framework, herbal ingredients emerge as promising alternatives 

to conventional anti-inflammatory drugs, offering a natural and holistic approach to managing inflammation. 

The study meticulously examines the intricate components and nuanced design considerations that underpin 

transdermal patches, shedding light on their manifold advantages, which include mitigated side effects, 

augmented bioavailability, and precisely targeted delivery. Moreover, the study undertakes a comprehensive 

exploration of the mechanisms through which herbal anti-inflammatory agents operate, elucidating the 

diverse range of herbal ingredients that hold promise for assuaging inflammation. Recent strides in 

transdermal patch technology, including the advent of microneedle patches and the integration of 

nanotechnology, are dissected in light of their potential to enhance the efficacy and versatility of herbal-

based formulations. Furthermore, the study casts its gaze towards the horizon of future possibilities, 

contemplating the prospects of personalized medicine, the seamless integration of wearable technology, and 

the advent of theranostic approaches in the realm of transdermal patch technology. In sum, herbal-based 

transdermal patches emerge as a beacon of promise, offering a potent and natural arsenal for combatting 

inflammation and advancing patient care. 
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Introduction to Transdermal Drug Delivery 

Transdermal drug delivery is a method of administering medications through the skin for systemic absorption 

into the bloodstream.[1] In contrast to the gastrointestinal system or direct injection into the circulation 

associated with oral or injectable methods, transdermal distribution provides a non-invasive method with 

several benefits.[2] 

Mechanisms of Transdermal Absorption 

Several processes are involved in transdermal absorption, which enables medications to pass through the 

layers of skin and into the bloodstream. The three primary routes are drug partitioning into skin lipids, active 

transport, and passive diffusion. 

The most typical method of transdermal absorption, especially for tiny, lipophilic compounds, is passive 

diffusion. The drug concentration differential between the formulation applied to the skin and the underlying 

tissues is what drives this action. The medication molecules diffuse across the stratum corneum, epidermis, 

and dermis, moving from a region of higher concentration to one of lower concentration, until they enter the 

circulation.[2] 

Drugs can traverse the epidermal barrier by active transport, which is facilitated by channels or carrier 

proteins. Although less frequent than passive diffusion, this technique can be important for some medications 

that need particular transporters to get through the layers of skin. Selective molecular uptake made possible 

by active transport can modify the pace and degree of transdermal absorption.[3] 

Another process that aids in transdermal absorption is drug partitioning into skin lipids, especially for 

lipophilic medicines. Lipids organised in a thick matrix make up the stratum corneum, the skin's outermost 

layer. medications that are lipophilic can partition into these lipid layers and have an affinity for them, which 

helps the medications diffuse across the skin barrier. The lipid composition of the skin, the drug's lipid 

solubility, and the drug's capacity to alter the lipid structure all have an impact on this process.[4] 

Advantages of Transdermal Delivery 

For some drugs, transdermal drug delivery is an appealing alternative since it provides a number of benefits 

over conventional administration methods. 

The capacity to offer regulated and prolonged medication release is a major benefit. Drugs can be continually 

delivered using transdermal patches for a prolonged amount of time, preserving constant plasma 

concentrations and enhancing therapeutic effectiveness. Because it requires fewer doses, the continuous 

release function can help improve patient compliance.[5] 

The avoidance of first-pass metabolism is an additional benefit. When taken orally, medications go through 

the liver and then reach the bloodstream, where they may be metabolised and lose their effectiveness. Drugs 

can reach the circulation directly by transdermal administration, which avoids the liver and increases 

bioavailability while lowering the risk of metabolic destruction.[6] 
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Transdermal administration is also more handy and palatable for patients than injections or oral medicine 

because it is non-invasive and painless. Transdermal patch application by patients themselves, independent 

of medical personnel, increases comfort and autonomy.[7] 

In addition, compared to oral treatment, transdermal distribution may provide enhanced safety and less 

systemic adverse effects. Transdermal patches can reduce gastrointestinal discomfort or disruptions by 

preventing gastrointestinal absorption. For individuals with gastrointestinal issues or for medications known 

to have gastrointestinal adverse effects, this can be very helpful.[8] 

Evolution of Transdermal Patch Technology 

Since its beginnings, transdermal patch technology has experienced substantial developments targeted at 

improving therapeutic effects, patient comfort, and the efficiency of drug administration. 

The majority of early transdermal patches were adhesive backing layers covered with matrices or reservoirs 

filled with drugs. The medication delivery mechanism of these patches was passive diffusion via the skin. 

These patches were successful for some medications, but their ability to load pharmaceuticals, their tendency 

to cause skin irritation, and their unpredictability in drug release rates were all drawbacks.[9] 

To overcome these constraints, researchers have time created creative patch designs and formulation 

techniques. The creation of drug-in-adhesive patches, in which the medication is distributed inside the 

adhesive matrix to enable better drug loading and more regulated release kinetics, was one noteworthy 

breakthrough.[10] 

Advances in patch technology have resulted in the creation of microneedle patches, which use small needles 

to increase medication administration through the skin, in addition to formulation improvements. When 

compared to conventional needle injections, microneedle patches provide a number of benefits, such as 

improved skin penetration, accurate medication administration, and decreased pain perception.[11] 

Additionally, the creation of flexible, biocompatible patches that follow the natural curves of the skin and 

offer continuous medication release over extended periods of time has been made possible by the integration 

of innovative materials and production processes.[12] 

Active drug delivery techniques like iontophoresis and electroporation, which employ electrical currents to 

improve medication penetration through the skin, have been included into transdermal patch technology in 

recent times.[13] 

Importance of Herbal-Based Transdermal Delivery 

Transdermal delivery based on herbs is important in today's healthcare for a number of reasons. First of all, 

because of their medicinal qualities and low side effects, herbal medicines have been utilised for millennia in 

a variety of traditional medical systems, including Ayurveda, Traditional Chinese Medicine (TCM), and 

Traditional African Medicine. Through the integration of herbal substances into transdermal delivery 

systems, the advantages of these conventional medicines may be efficiently and conveniently accessed.[14] 
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Second, transdermal distribution of herbal medications has a number of benefits over traditional oral 

administration. By avoiding the gastrointestinal system and hepatic first-pass metabolism, the transdermal 

method may increase medication bioavailability and lower the possibility of gastrointestinal adverse effects. 

This is especially advantageous for plant components that the digestive system struggles to absorb or breaks 

down.[15] 

Moreover, transdermal distribution enables the gradual and regulated release of herbal active components, 

resulting in longer-lasting therapeutic benefits. By minimising changes in the bloodstream's medication 

content and lowering the frequency of doses, this sustained release profile can enhance patient 

compliance.[16] 

Furthermore, transdermal delivery based on herbs can improve the targeted distribution of active ingredients 

to certain body areas of action. Transdermal patches, for instance, may be made to apply herbal extracts 

directly to skin that is irritated or unpleasant, offering localised comfort without causing adverse effects on 

the body as a whole. This focused strategy can reduce the possibility of negative effects while increasing the 

therapeutic efficacy of herbal medications.[17] 

Furthermore, transdermal administration methods based on herbs may be advantageous in terms of patient 

acceptability and formulation flexibility. A range of herbal extracts with various solubilities and 

pharmacokinetic profiles may be included into transdermal patches to create customised treatment plans that 

are suited to the requirements of each patient. Transdermal patches are also non-invasive and simple to use, 

which makes them appropriate for self-administration and improves patient adherence to treatment plans.[18] 

Mechanisms of Action of Herbal Anti-Inflammatory Agents 

Targeting important pathways involved in the inflammatory response, herbal anti-inflammatory medicines 

work through a variety of strategies to achieve their therapeutic effects. Among these mechanisms are: 

1. Inhibition of Pro-inflammatory Mediators: Numerous plant-based anti-inflammatory medicines 

prevent the synthesis or function of pro-inflammatory mediators, including leukotrienes, 

prostaglandins, and cytokines. Turmeric's curcumin, for instance, is a bioactive molecule that inhibits 

nuclear factor-kappa B (NF-κB), a transcription factor that affects the expression of genes that 

promote inflammation.[19] 

2. Antioxidant Activity: Antioxidant qualities in a number of herbal anti-inflammatory drugs scavenge 

free radicals and reactive oxygen species (ROS), which are linked to tissue damage and inflammation. 

Antioxidant-producing substances, such as quercetin in onions, resveratrol in grapes, and polyphenols 

in green tea, lessen oxidative stress and inflammation.[20] 

3. Modulation of Enzyme Activity: A few plant-based anti-inflammatory substances regulate the 

function of inflammatory-processing enzymes. For instance, the manufacture of leukotrienes, which 

are powerful inflammatory mediators, is facilitated by the enzyme 5-lipoxygenase (5-LOX), which is 

inhibited by the boswellic acids included in Boswellia serrata.[21] 
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4. Regulation of Immune Response: Through controlling the generation and function of immune cells 

and mediators, herbal anti-inflammatory drugs can modify immune responses. For example, 

chamomile's flavonoids reduce inflammation and allergic reactions by preventing mast cells from 

releasing histamine and other inflammatory mediators.[22] 

5. Reduction of Inflammatory Cell Infiltration: Certain natural anti-inflammatory substances prevent 

inflammatory cells such neutrophils, macrophages, and lymphocytes from migrating and activating at 

the site of inflammation. For instance, the active ingredient in ginger, gingerol, inhibits endothelial 

cells' production of adhesion molecules, which lowers the number of inflammatory cells that are 

drawn to inflammatory tissues.[23] 

Table 1: Commonly Used Herbal Ingredients for Anti-Inflammatory Relief: 

Herbal Ingredient Mechanism of Action References 

Turmeric (Curcuma 

longa) 

Inhibits pro-inflammatory 

enzymes such as COX-2 and LOX 

Aggarwal et al., 2013; 

Hewlings & Kalman, 

2017[24,25] 

Ginger (Zingiber 

officinale) 

Suppresses inflammatory 

mediators like prostaglandins and 

leukotrienes 

Grzanna et al., 2005; Marx 

et al., 2015[26-27] 

Boswellia (Boswellia 

serrata) 

Inhibits pro-inflammatory 

enzymes and cytokines 

Siddiqui et al., 2011; 

Ammon, 2006[28-29] 

Green Tea (Camellia 

sinensis) 

Contains catechins with anti-

inflammatory properties 

Sang et al., 2005; Kim et al., 

2021[30-31] 

Willow Bark (Salix spp.) Source of salicin, which has 

analgesic and anti-inflammatory 

effects 

Vlachojannis et al., 2014; 

Chrubasik et al., 2000[32-

33] 

Rosemary (Rosmarinus 

officinalis) 

Rich in rosmarinic acid, a potent 

anti-inflammatory agent 

Cheung et al., 2008; Pereira 

et al., 2019[34-35] 

Chamomile (Matricaria 

chamomilla) 

Contains flavonoids with anti-

inflammatory and antioxidant 

properties 

Srivastava et al., 2010; 

McKay & Blumberg, 

2006[36-37] 

Echinacea (Echinacea Stimulates the immune system and Sharma et al., 2006; 
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purpurea) exhibits anti-inflammatory effects Woelkart et al., 2006[38-39] 

Devil's Claw 

(Harpagophytum 

procumbens) 

Contains iridoid glycosides with 

anti-inflammatory properties 

Chrubasik et al., 2006; 

Fiebich et al., 2012[40-41] 

Licorice (Glycyrrhiza 

glabra) 

Inhibits inflammatory enzymes 

and cytokines, exhibits antioxidant 

effects 

Fiore et al., 2005; Takahashi 

et al., 2005[42-43] 

 

Synergistic Effects of Herbal Combinations 

The combination of different herbal ingredients in therapeutic formulations can often result in synergistic 

effects, where the combined action of the herbs produces greater therapeutic benefits compared to the effects 

of individual herbs alone. 

The combination of black pepper (Piper nigrum) and turmeric (Curcuma longa) is one instance of how their 

effects work in concert. Curcumin, a bioactive molecule found in turmeric, has strong anti-inflammatory and 

antioxidant effects. However, because of its quick metabolism and limited solubility, curcumin has a low 

bioavailability. It has been demonstrated that piperine, the primary active ingredient in black pepper, 

increases the bioavailability of curcumin by preventing its metabolism in the intestines and liver. 

Consequently, adding black pepper to turmeric can greatly increase curcumin's medicinal benefits.[44] 

Similarly, it has been suggested that licorice (Glycyrrhiza glabra) and ginger (Zingiber officinale) work 

synergistically to reduce inflammation. Bioactive substances found in ginger, such as shogaol and gingerol, 

have analgesic and anti-inflammatory qualities. Glycyrrhizin, an ingredient in licorice, has been 

demonstrated to block the actions of cytokines and enzymes that promote inflammation. Ginger and licorice 

may work in concert to give more effective anti-inflammatory treatment when combined.[45] 

Moreover, a variety of pathways implicated in inflammatory processes can be targeted by herbal 

combinations, producing synergistic effects on inflammation. For instance, by blocking several inflammatory 

mediators and pathways, boswellia (Boswellia serrata) and green tea (Camellia sinensis) may work in 

concert. Boswellic acids, which are included in boswellia extract, have been demonstrated to impede the 

action of pro-inflammatory enzymes such 5-lipoxygenase.[46] Conversely, green tea catechins have anti-

inflammatory and antioxidant qualities that can alter a number of signalling pathways connected to 

inflammation.[47] 
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Table 2: Comparison with Conventional Anti-Inflammatory Drugs: 

Aspect Herbal Anti-Inflammatory Agents Conventional Anti-Inflammatory 

Drugs 

Source Derived from plants/herbs Chemically synthesized or 

derived from plants/herbs 

Mechanism of 

Action 

Multiple mechanisms, including 

inhibition of pro-inflammatory 

enzymes and cytokines, antioxidant 

effects, and modulation of immune 

responses 

Primarily inhibit cyclooxygenase 

(COX) enzymes to reduce 

prostaglandin synthesis 

Side Effects Generally well-tolerated with 

minimal side effects, although 

individual reactions may vary 

Can cause gastrointestinal 

irritation, ulcers, renal toxicity, 

cardiovascular effects, and 

increased risk of bleeding 

Bioavailability Variable bioavailability due to 

differences in absorption, 

metabolism, and formulation 

Generally well-absorbed and 

predictable bioavailability 

Cost Often less expensive compared to 

conventional drugs, especially if 

grown or prepared locally 

Can be expensive, particularly 

newer or brand-name drugs 

Over-the-Counter 

Availability 

Many herbal remedies are available 

over-the-counter without a 

prescription 

Some non-prescription NSAIDs 

are available over-the-counter, but 

others require a prescription 

Prescription 

Requirement 

Typically do not require a 

prescription for most herbal remedies 

Many conventional anti-

inflammatory drugs require a 

prescription 

Long-Term Use Generally safe for long-term use with 

minimal risk of dependency or 

tolerance 

Prolonged use may increase the 

risk of adverse effects and may 

require monitoring 

Interactions with 

Other 

Medications 

Some herbal remedies may interact 

with prescription medications, 

supplements, or other herbs 

Can interact with a wide range of 

medications, including blood 

thinners, antihypertensives, and 

others 
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Transdermal Patch Technology 

Drugs can be delivered via the skin and into the bloodstream in a convenient and regulated manner with 

transdermal patch delivery devices. They have benefits include less gastrointestinal side effects, better patient 

compliance, and prevention of first-pass metabolism. These patches stay on the skin and release medicine 

gradually, resulting in constant plasma concentrations and drug delivery.[48] 

Components of Transdermal Patches: 

Typically, transdermal patches are made up of a backing layer, an adhesive layer, a drug reservoir or matrix, 

a liner, and a release liner. The drug reservoir, sometimes known as the matrix, holds the medication for 

controlled release, and the backing layer offers structural support and protection. The liner and release liner 

shield the patch from damage while it is being applied and stored, and the adhesive layer guarantees that the 

patch will attach to the skin.[49] 

Design Considerations for Transdermal Patch Formulations: 

Transdermal patch formulations are designed taking into account many parameters such as pharmacological 

characteristics, skin permeability, adhesive compatibility, patch size and shape, stability, and dosage 

schedule. A drug's appropriateness for transdermal distribution is determined by its physicochemical 

characteristics, such as its molecular weight and solubility. Skin permeation enhancers and formulation 

optimization strategies can enhance drug penetration through the skin barrier. Adhesives must to be 

biocompatible and able to adhere material enough without irritating the skin. Patch size, shape, and dosing 

regimen should be tailored to patient needs and treatment requirements.[50] Finally, formulation stability and 

patch integrity are essential for ensuring drug potency and efficacy during storage and use.[51] 

Recent Advances in Transdermal Patch Technology 

Recent advances in transdermal patch technology have led to significant improvements in drug delivery 

efficiency, patient comfort, and therapeutic outcomes. Here's an overview of some key advancements: 

Microneedle Patches: Microneedle patches are a promising advancement in transdermal drug delivery. 

These patches contain microneedles that painlessly penetrate the skin's outermost layer, allowing for precise 

and controlled drug delivery into the underlying tissue. Microneedle patches offer advantages such as 

enhanced drug absorption, reduced dosage requirements, and improved patient compliance.[52] 

Hydrogel-based Patches: Hydrogel-based patches have gained attention due to their ability to deliver a wide 

range of drugs, including hydrophilic and hydrophobic compounds, with high efficiency. These patches 

consist of biocompatible hydrogel matrices that provide a hydrated environment conducive to drug release 

and skin permeation. Hydrogel-based patches offer advantages such as improved skin adhesion, flexibility, 

and enhanced drug permeation.[53] 
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3D Printing Technology: 3D printing technology has revolutionized the manufacturing of transdermal 

patches, enabling precise control over patch design and drug release kinetics. This technology allows for the 

fabrication of customized patches with complex structures and tailored drug delivery profiles. 3D-printed 

transdermal patches offer advantages such as rapid prototyping, scalability, and the ability to incorporate 

multiple drugs or therapeutic agents into a single patch.[54] 

Flexible Electronics: Advances in flexible electronics have facilitated the development of smart transdermal 

patches capable of real-time monitoring and feedback. These patches integrate sensors, microprocessors, and 

wireless communication capabilities to monitor drug release, skin permeation, and patient vital signs. Smart 

transdermal patches offer advantages such as personalized therapy, dosage optimization, and improved 

treatment outcomes.[55] 

Nanotechnology: Transdermal patches are performing better thanks to the increased use of nanotechnology, 

which improves medication solubility, penetration, and targeting. Nanostructured materials such as lipid 

nanoparticles, polymeric nanocarriers, and nanogels can encapsulate drugs and facilitate their delivery across 

the skin barrier. Nanotechnology-based transdermal patches offer advantages such as sustained release, site-

specific targeting, and enhanced therapeutic efficacy.[56] 

Advantages of Herbal-Based Transdermal Patches 

Herbal-based transdermal patches offer several advantages over conventional drug delivery systems. Here's 

an overview of some key advantages: 

1. Natural Ingredients: Herbal-based transdermal patches utilize natural ingredients derived from 

plants, herbs, and botanical extracts. These ingredients are often perceived as safer and more tolerable 

than synthetic chemicals found in conventional medications, making herbal patches suitable for 

individuals with sensitivities or allergies to pharmaceutical drugs.[57] 

2. Reduced Side Effects: Herbal ingredients typically have a lower risk of adverse effects compared to 

synthetic drugs. They often exhibit a gentler pharmacological profile, leading to reduced incidence 

and severity of side effects such as gastrointestinal disturbances, dizziness, and allergic reactions.[58] 

3. Improved Bioavailability: Herbal-based transdermal patches can enhance the bioavailability of 

active compounds by facilitating their absorption through the skin.[59] 

4. Targeted Delivery: Herbal patches can be designed to deliver active ingredients directly to the site of 

action, allowing for localized therapy and minimizing systemic exposure. This targeted delivery 

approach reduces the risk of off-target effects and enhances the efficiency of treatment for conditions 

such as localized pain, inflammation, or dermatological disorders.[60] 

5. Extended Release: Transdermal patches can provide sustained and controlled release of herbal 

ingredients over an extended period, maintaining therapeutic levels in the bloodstream and 

prolonging the duration of action. This extended-release profile minimizes the need for frequent 
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dosing and ensures consistent drug delivery, leading to improved patient compliance and 

convenience.[61] 

6. Non-Invasive Administration: Herbal-based transdermal patches offer a non-invasive route of drug 

administration, eliminating the need for injections or oral ingestion. This mode of delivery is 

particularly advantageous for patients who are averse to needles or experience difficulty swallowing 

pills, improving overall treatment acceptance and adherence.[62] 

Conclusion 

Transdermal patch technology has evolved significantly in recent years, offering a versatile and effective 

drug delivery platform for a wide range of therapeutic applications. Herbal-based transdermal patches, in 

particular, hold promise as natural, safe, and effective alternatives to conventional drug delivery systems. 

With ongoing advancements in materials science, nanotechnology, and personalized medicine, the future of 

transdermal patch technology looks promising. By addressing challenges such as drug stability, skin 

permeation, and personalized therapy, transdermal patches have the potential to revolutionize healthcare 

delivery and improve patient outcomes. 
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