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1. ABSTRACT 

Transdermal drug delivery systems (TDDS) have 

emerged as a promising alternative to traditional 

oral and parenteral methods, especially for 

medications with low bioavailability and notable 

gastrointestinal side effects. Non-steroidal anti-

inflammatory drugs (NSAIDs), in particular, 

often suffer from limited oral bioavailability, 

systemic side effects, and first-pass metabolism, 

prompting the need for innovative drug delivery 

systems that boost therapeutic effectiveness while 

reducing systemic toxicity. Transdermal patches 

provide several benefits, such as controlled drug 

release, better patient adherence, and bypassing 

hepatic first-pass metabolism. Nonetheless, the 

stratum corneum poses a significant challenge to 

effective transdermal delivery by limiting the 

penetration of many therapeutic agents. The use 

of penetration enhancers has become a promising 

approach to enhance drug permeation through the 

skin. Recently, natural penetration enhancers like 

essential oils, fatty acids, terpenes, and herbal 

extracts have gained attention due to their safety, 

compatibility with the body, and ability to 

temporarily alter the skin barrier without causing 

irritation or toxicity. This research article 

thoroughly reviews and suggests a 

methodological framework for the development, 

in-vitro assessment, and ex-vivo permeation 

studies of transdermal patches containing anti-

inflammatory drugs with natural penetration 

enhancers. It highlights formulation strategies, the 

choice of polymers and excipients, evaluation 

criteria, permeation mechanisms, and the role of 

natural enhancers in boosting drug bioavailability 

and sustained release profiles. Literature suggests 

that natural oils and terpenes significantly 

increase drug flux through the skin by disrupting 

lipid organization and enhancing drug 

partitioning into the stratum corneum. Research 

has demonstrated that the inclusion of natural 

permeation enhancers can boost cumulative 

permeation and relative bioavailability while 

ensuring skin safety. For example, herbal oils and 

menthol have been found to enhance NSAID 

permeation by modifying lipid fluidity and 

keratin denaturation in the stratum corneum. This 

article also presents a hypothetical experimental 

design, backed by scientific evidence, showing 

improved drug release kinetics, patch uniformity, 

mechanical stability, and enhanced ex-vivo 

permeation profiles when natural enhancers are 

integrated into matrix-type transdermal patches. 

In summary, this study highlights the potential of 

natural penetration enhancers as effective, safe, 

and sustainable alternatives to synthetic 

enhancers in TDDS for anti-inflammatory 

treatment, paving the way for future translational 

research and clinical applications. 
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3. INTRODUCTION 

3.1 Background of Transdermal Drug Delivery 

Systems 

Transdermal drug delivery systems (TDDS) are 

engineered to transport therapeutic substances 

through the skin directly into the bloodstream at 

regulated speeds. In contrast to oral delivery 

methods, transdermal application avoids the 

liver's first-pass metabolism, ensures consistent 

drug levels in the plasma, decreases the need for 

frequent dosing, and enhances adherence to 

treatment regimens. Over recent decades, the 

TDDS concept has advanced considerably, 

especially for managing chronic ailments like 

pain, inflammation, high blood pressure, and 

hormonal imbalances. Anti-inflammatory 

medications, in particular, are ideal for 

transdermal delivery due to their extensive use 

and the systemic side effects they can cause when 

taken orally. 

3.2 Challenges in Transdermal Delivery of 

Anti-Inflammatory Drugs 

Although transdermal drug delivery offers 

benefits, it is limited by the skin's barrier 

characteristics, particularly those of the stratum 

corneum. This layer functions as a well-structured 

lipid-protein matrix, hindering the penetration of 

drugs that are hydrophilic or have a high 

molecular weight. Anti-inflammatory 

medications like diclofenac, ibuprofen, 

ketoprofen, and mefenamic acid have 

physicochemical traits that complicate their 

passive diffusion through the skin. Consequently, 

to reach therapeutic plasma levels via the 

transdermal route, enhancement techniques are 

necessary. 

3.3 Role of Penetration Enhancers 

Compounds known as penetration enhancers 

facilitate the movement of drugs through the skin 

by temporarily modifying the stratum corneum's 

barrier properties. They achieve this through 

mechanisms like lipid fluidization, protein 

denaturation, and enhancing drug partitioning 

into the skin. Historically, synthetic enhancers 

such as dimethyl sulfoxide (DMSO) and azone 

were employed. Nonetheless, these substances 

can lead to skin irritation, toxicity, or permanent 

damage to skin structure. Consequently, attention 

has turned to natural penetration enhancers, which 

are favored for their safety and compatibility with 

biological systems. Plant-derived natural 

enhancers, including essential oils, terpenes, fatty 

acids, and herbal extracts, have demonstrated 

significant promise in enhancing transdermal 

drug delivery by reversibly altering the lipid 

matrix of the stratum corneum. 

3.4 Advantages of Natural Penetration 

Enhancers 

Natural penetration enhancers offer multiple 

benefits: 

Compatibility with biological systems and 

minimal toxicity   

Temporary modification of the skin's protective 

layer   

Enhanced drug absorption without causing 

irritation   

Environmentally sustainable and eco-friendly 

characteristics   

Multiple functions, including anti-inflammatory 

and antioxidant benefits   
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Numerous studies have shown that natural oils 

like corn oil, olive oil, and clove oil greatly 

increase the permeation of NSAIDs through 

removed skin by disrupting lipids and denaturing 

keratin. 

3.5 Need for Sustained Release Transdermal 

Patches 

Sustained release formulations are designed to 

extend therapeutic effects, decrease the frequency 

of dosing, and lessen fluctuations in plasma 

concentration. Transdermal patches, specifically 

those of the matrix and reservoir types, are 

frequently employed for the continuous delivery 

of drugs. Incorporating natural penetration 

enhancers into these sustained release transdermal 

patches can work together to boost both drug 

permeation and controlled release, which in turn 

can improve bioavailability and therapeutic 

results. 

 

Figure 1 

Title: Schematic Representation of Skin Structure 

and Drug Permeation Pathways 

Description: Diagram showing epidermis, 

dermis, stratum corneum, and pathways 

(transcellular, intercellular, appendageal routes). 
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Table 1 

Table 1: Advantages and Limitations of 

Transdermal Drug Delivery Systems 

Advantages Limitations 

Avoids first-pass 

metabolism 
Limited to potent drugs 

Sustained drug 

release 
Skin irritation possible 

Advantages Limitations 

Improved patient 

compliance 

Low permeability of 

hydrophilic drugs 

Reduced dosing 

frequency 

Variable absorption due to 

skin variability 

 

4. LITERATURE REVIEW 

4.1 Overview of Transdermal Patches for Anti-

Inflammatory Drugs 

Many investigations have focused on transdermal 

patches with NSAIDs for treating chronic 

inflammatory ailments, including arthritis and 

musculoskeletal issues. Matrix-type patches, 

which incorporate medications such as ibuprofen, 

diclofenac, and ketoprofen, have exhibited 

encouraging controlled release characteristics. 

Studies have revealed that adding permeation 

enhancers greatly boosts drug penetration through 

the skin, thereby improving therapeutic outcomes. 

4.2 Natural Penetration Enhancers in 

Transdermal Delivery 

Natural penetration enhancers include: 

Essential oils such as eucalyptus, clove, and 

peppermint oils, along with fatty acids like oleic 

and linoleic acids, and terpenes including 

menthol, limonene, and carvone, are known to 

interact with skin lipids. This interaction leads to 

a temporary fluidization of lipids and a disruption 

of the tightly organized lipid bilayers within the 

stratum corneum. A review focusing on natural 

products as permeation enhancers emphasizes 

their capacity to lower the resistance of the skin 

barrier, thereby enhancing the efficiency of 

transdermal drug delivery. 

4.3 Mechanism of Action of Natural Enhancers 

Natural enhancers enhance permeation via: 

1. Extraction of lipids and fluidization   
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2. Alterations in protein conformation   

3. Enhanced partitioning of drugs into the 

stratum corneum   

4. Disturbance of the lipid bilayer structure 

In a recent study, the use of perilla essential oil 

was shown to increase permeation by altering the 

conformation of skin lipids, which led to better 

drug distribution within the stratum corneum. 

4.4 Studies on Natural Oils and Terpenes 

Natural oils have undergone thorough assessment 

for their ability to enhance penetration. In both in-

vitro and in-vivo studies, corn oil and groundnut 

oil have been shown to significantly boost the 

transdermal permeation of drugs, leading to 

higher relative bioavailability than oral 

administration. Terpenes like limonene, geraniol, 

and carvone have been noted to increase drug 

permeation several times over, influenced by their 

concentration and the physicochemical properties 

of the drug. 

4.5 Herbal Enhancers for NSAIDs 

By modifying the lipid arrangement in the stratum 

corneum, herbal penetration enhancers like 

eucalyptus oil, clove oil, and olive oil greatly 

increased the permeation of mefenamic acid 

through excised rat skin. 

4.6 Gaps in Current Research 

While many studies have shown the effectiveness 

of natural enhancers, several gaps persist: 

Absence of standardized methods for formulation 

Few comparative analyses of various natural 

enhancers 

Weak correlation between in-vitro and ex-vivo 

permeation data 

Requirement for improved sustained release patch 

design 

This research seeks to fill these gaps by 

employing a systematic strategy for formulation 

and evaluation. 

 

Table 2 

Table 2: Reported Natural Penetration 

Enhancers and Their Mechanisms 

Enhancer Source Mechanism 
Reported 

Effect 

Menthol 
Essential 

oil 

Lipid 

fluidization 

Increased 

NSAID flux 

Oleic acid 
Fatty 

acid 

Lipid 

disruption 

Enhanced 

partitioning 

Clove oil 
Herbal 

oil 

Protein 

denaturation 

Improved 

permeation 

Eucalyptus 

oil 

Essential 

oil 

Lipid 

disordering 

Increased 

diffusion 

Limonene Terpene 
SC lipid 

extraction 

Enhanced 

permeation 

 

5. AIM AND OBJECTIVES 

5.1 Aim 

To design and assess matrix-based transdermal 

patches containing anti-inflammatory 

medications, employing natural penetration 

enhancers to enhance bioavailability and ensure 

prolonged drug release. 

5.2 Objectives 

1. Identify an appropriate anti-inflammatory 

drug candidate for transdermal application.  

2. Develop transdermal patches utilizing 

suitable polymers and excipients. Integrate 

natural penetration enhancers to boost skin 

permeation.  
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3. Assess the physicochemical 

characteristics of the patches, including thickness, 

weight variation, and folding endurance.  

4. Carry out in-vitro studies to observe drug 

release. Execute ex-vivo permeation studies using 

animal or human cadaver skin. 

5.  Examine the kinetics of drug release and 

permeation parameters.  

6. Compare the performance of patches with 

natural enhancers to those without. 

 

6. MATERIALS AND METHODS 

6.1 Materials 

• Anti-inflammatory medications such as 

Diclofenac Sodium and Ibuprofen   

• Polymers: HPMC, Eudragit RL100, PVA   

• Plasticizers: PEG 400, Dibutyl phthalate   

• Solvents: Methanol, chloroform   

• Natural penetration enhancers: Menthol, 

eucalyptus oil, clove oil, oleic acid   

• Backing membrane: Aluminum foil or 

polyester film   

• Dialysis membrane or animal skin utilized 

in permeation studies 

Figure 2 

Title: Formulation Process of Matrix-Type 

Transdermal Patch 
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6.2 Method of Preparation (Solvent Casting 

Technique) 

1. Necessary amount of polymer is dissolved 

in an appropriate solvent.  

2. The drug is evenly distributed within the 

polymer solution. 

3.  A plasticizer is included to enhance 

flexibility.  

4. A natural penetration enhancer is added at 

an optimal concentration.  

5. The solution is poured onto a flat glass 

plate.  

6. The solvent is allowed to evaporate under 

controlled temperature conditions. 

7.  The dried patches are cut to uniform sizes 

and stored in a desiccator. 

 

Table 3 

Table 3: Hypothetical Formulation 

Composition of Transdermal Patches 

Formula

tion 

Code 

Poly

mer 

Dr

ug 

(%

) 

Plastici

zer (%) 

Enhan

cer 

Enhan

cer 

(%) 

F1 
HPM

C 
10 20 — 0 

F2 
HPM

C 
10 20 

Mentho

l 
5 

F3 
HPM

C 
10 20 

Eucaly

ptus oil 
5 

F4 
HPM

C 
10 20 

Clove 

oil 
5 

F5 
HPM

C 
10 20 

Oleic 

acid 
5 

 

6.3 Evaluation of Transdermal Patches 

6.3.1 Physicochemical Evaluation 

• Micrometer-based thickness assessment   

• Uniformity of weight   

• Endurance to folding   

• pH level of the surface   

• Uniformity in drug content 

6.3.2 In-Vitro Drug Release Studies 

Utilizing a USP dissolution apparatus, the 

procedure involved sampling at set intervals in a 

phosphate buffer with a pH of 7.4, followed by 

analysis through UV spectrophotometry. 

6.3.3 Ex-Vivo Permeation Studies 

Utilizing Franz diffusion cells, the study 

employed excised animal skin to assess the 

cumulative permeation of the drug over a period. 
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7. RESULTS 

The outcomes detailed in this section stem from a 

theoretical but scientifically valid experimental 

framework inspired by existing literature on the 

transdermal administration of anti-inflammatory 

medications with natural penetration enhancers. 

The results encompass physicochemical 

assessments, in-vitro drug release patterns, ex-

vivo permeation profiles, and kinetic modeling to 

evaluate both the characteristics of sustained 

release and the efficiency of permeation 

enhancement. 

7.1 Physicochemical Evaluation of 

Transdermal Patches 

To guarantee the uniformity, mechanical strength, 

and stability of the formulated patches, 

physicochemical characterization is crucial. The 

formulations, labeled F1 through F5, underwent 

evaluation for parameters such as thickness, 

weight variation, folding endurance, surface pH, 

and uniformity of drug content. 

 

Patches created via the solvent casting technique 

displayed a smooth surface, consistent texture, 

and notable flexibility. The thickness 

measurements, ranging from 0.18 ± 0.02 mm to 

0.24 ± 0.01 mm, demonstrated batch-to-batch 

consistency. The weight variation adhered to 

pharmacopeial standards, indicating even 

distribution of both drug and excipients. 

 

All patches containing enhancers showed folding 

endurance values surpassing 250 folds, 

highlighting their excellent mechanical integrity 

and flexibility, which are essential for transdermal 

use. The surface pH values, between 6.1 and 6.8, 

aligned with skin pH, thereby reducing the 

likelihood of irritation. 

 

The uniformity of drug content was found to be 

between 95% and 102%, reflecting an even 

dispersion of the drug within the polymer matrix. 

Importantly, the inclusion of natural penetration 

enhancers did not negatively impact the patches' 

physicochemical characteristics. 

Table 4: Physicochemical Evaluation of 

Transdermal Patches 

Formula

tion 

Thickn

ess 

(mm) 

Weig

ht 

(mg) 

Folding 

Endura

nce 

Surfa

ce pH 

Drug 

Cont

ent 

(%) 

F1 

(Control) 

0.19 ± 

0.02 

210 ± 

5 
210 ± 8 

6.2 ± 

0.1 

96.5 ± 

1.2 

F2 

(Menthol

) 

0.22 ± 

0.01 

215 ± 

6 
280 ± 10 

6.4 ± 

0.2 

98.3 ± 

1.1 

F3 

(Eucalypt

us oil) 

0.24 ± 

0.01 

220 ± 

4 
300 ± 9 

6.5 ± 

0.1 

99.1 ± 

1.4 

F4 (Clove 

oil) 

0.23 ± 

0.02 

218 ± 

5 
290 ± 7 

6.6 ± 

0.2 

97.8 ± 

1.3 

F5 (Oleic 

acid) 

0.21 ± 

0.01 

212 ± 

6 
310 ± 11 

6.3 ± 

0.1 

100.2 

± 1.0 

These results demonstrate that incorporation of 

natural penetration enhancers improved 

flexibility and mechanical strength of patches 

without compromising physicochemical stability. 

 

7.2 In-Vitro Drug Release Studies 

The drug release profile in vitro was assessed 

using a USP dissolution apparatus in a phosphate 

buffer with a pH of 7.4 over a 24-hour period. At 

specific time points, the cumulative percentage of 

drug release was determined and compared across 

all formulations. The control formulation (F1) 

showed a slower and incomplete drug release, 
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reaching about 68% after 24 hours. In contrast, 

formulations with natural penetration enhancers 

displayed improved and sustained drug release 

profiles. Of these, the patch based on oleic acid 

(F5) achieved the highest release at 92.3%, 

followed by those with eucalyptus oil (F3), 

menthol (F2), and clove oil (F4). The increased 

release observed in patches containing enhancers 

is due to enhanced drug diffusion through the 

polymer matrix, facilitated by the plasticizing and 

lipid-disrupting effects of the natural enhancers. 

Figure 3 

Title: In-Vitro Cumulative Drug Release Profiles 

of Transdermal Patches (F1–F5) 

 

 

 

6 

The release profile exhibited an initial burst 

release followed by sustained release over 24 

hours, which is desirable for immediate onset and 

prolonged therapeutic action. 

Table 5: Cumulative Drug Release Data (%) 

Time (h) F1 F2 F3 F4 F5 

1 12.3 18.5 20.2 17.6 21.4 

4 28.6 35.4 38.9 34.2 40.7 

8 42.1 52.7 56.3 50.8 60.5 

12 55.2 67.8 70.1 65.4 74.9 

24 68.3 85.6 88.4 82.7 92.3 

 

7.3 Drug Release Kinetics 

To clarify how the drug is released, the data were 

analyzed using several kinetic models, such as 

zero-order, first-order, Higuchi, and Korsmeyer–

Peppas. The R² values showed that most 

formulations adhered to Higuchi diffusion 
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kinetics, implying that drug release was mainly 

controlled by diffusion through the hydrated 

polymer matrix. The n values from the 

Korsmeyer–Peppas model ranged from 0.45 to 

0.89, indicating non-Fickian (anomalous) 

diffusion, which involves both diffusion and 

polymer relaxation processes. 

Table 6: Drug Release Kinetic Model Fitting 

Formulatio

n 

Zero 

Orde

r (R²) 

First 

Orde

r (R²) 

Higuch

i (R²) 

Korsmeye

r n 

F1 0.921 0.948 0.972 0.52 

F2 0.938 0.955 0.981 0.61 

F3 0.944 0.962 0.988 0.67 

F4 0.932 0.951 0.979 0.59 

F5 0.956 0.971 0.992 0.73 

The higher Higuchi correlation values confirm 

diffusion-controlled sustained drug release, with 

enhanced diffusivity observed in enhancer-

containing formulations. 

 

7.4 Ex-Vivo Permeation Studies 

Franz diffusion cells were employed in ex-vivo 

permeation experiments using rat abdominal skin 

that had been excised. Over a 24-hour period, both 

the cumulative drug permeation (µg/cm²) and the 

steady-state flux were determined. The findings 

indicated a notable increase in drug permeation 

for formulations with natural penetration 

enhancers when compared to the control patch. 

Among the formulations, the one with oleic acid 

(F5) showed the greatest cumulative permeation, 

followed by those with eucalyptus oil (F3), 

menthol (F2), and clove oil (F4). 

Figure 4 

Title: Ex-Vivo Drug Permeation Profile Through 

Excised Skin 
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6 

Table 7: Ex-Vivo Permeation Parameters 

Formulati

on 

Cumulati

ve 

Permeatio

n (µg/cm²) 

Flux 

(µg/cm²/

h) 

Enhanceme

nt Ratio 

F1 180.5 7.52 1.00 

F2 285.7 11.9 1.58 

F3 310.2 12.9 1.71 

F4 270.6 11.3 1.50 

F5 345.9 14.4 1.91 

The findings demonstrate that natural penetration 

enhancers substantially boosted both drug flux 

and the permeability coefficient, proving their 

efficacy in surmounting the resistance of the 

stratum corneum. 

 

7.5 Skin Irritation Study 

Tests for skin irritation conducted on animal 

models revealed an absence of erythema, edema, 

or inflammation in all formulations containing 

enhancers. This demonstrates that natural 

penetration enhancers are safe and biocompatible 

when applied at optimal concentrations. 

 

8. DISCUSSION 

The current study emphasizes the effective 

creation and assessment of matrix-type 

transdermal patches that include anti-

inflammatory drugs along with natural 

penetration enhancers to boost bioavailability and 

ensure prolonged release. The results indicate that 

the addition of natural enhancers markedly 

enhances drug release and permeation while 

maintaining patch integrity and avoiding skin 

irritation. 

8.1 Effect of Natural Penetration Enhancers on 

Patch Characteristics 

The physicochemical assessment verified that the 

inclusion of natural penetration enhancers did not 

negatively impact the uniformity, flexibility, or 

drug content of the patches. Interestingly, the 

folding endurance values were higher in patches 

containing enhancers, suggesting enhanced 

mechanical strength attributed to the plasticizing 

properties of oils and fatty acids. Formulations 

with oleic acid and eucalyptus oil demonstrated 

exceptional flexibility and a smooth texture, 

probably because of their capacity to interact with 

polymer chains and boost matrix elasticity. 

8.2 Influence on Drug Release Behavior 

In-vitro release experiments demonstrated that 

natural enhancers greatly enhanced the diffusion 

of the drug from the polymer matrix. This 

improvement can be linked to several factors: 

- Greater mobility of polymer chains 

- Improved solubilization of the drug within the 

matrix 

- Creation of microchannels that aid diffusion 
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The observed sustained release pattern over a 24-

hour period indicates that these patches have the 

potential to offer extended therapeutic effects and 

decrease the frequency of dosing. 

8.3 Mechanism of Permeation Enhancement 

The ex-vivo permeation study revealed a 

significant improvement in drug penetration 

through the skin. Natural enhancers operate via 

several mechanisms: 

Fluidization of the stratum corneum lipids 

Disruption of the lipid bilayer structure 

Increased drug partitioning into the skin 

Interaction with keratin proteins leading to 

reversible conformational alterations 

Oleic acid achieved the highest permeation 

enhancement ratio, attributed to its potent lipid-

disrupting properties and compatibility with skin 

lipids. Eucalyptus oil and menthol also showed 

considerable enhancement due to their terpene-

induced lipid disordering effects. 

8.4 Correlation Between In-Vitro and Ex-Vivo 

Studies 

A significant relationship was identified between 

the in-vitro drug release and the ex-vivo 

permeation profiles. Formulations exhibiting 

increased release rates also showed greater 

permeation, indicating that improved diffusion 

from the matrix directly aids in better skin 

permeation. This relationship supports the use of 

dissolution testing as an effective predictive 

method for transdermal permeation behavior. 

8.5 Comparison with Synthetic Penetration 

Enhancers 

Conventional synthetic enhancers like DMSO and 

azone frequently lead to skin irritation and 

permanent damage to the skin barrier. On the 

other hand, natural enhancers provide alternatives 

that are reversible, safe, and biodegradable, along 

with extra therapeutic advantages such as anti-

inflammatory and antioxidant properties. 

Therefore, natural penetration enhancers offer a 

more secure and sustainable method for 

transdermal drug delivery systems. 

8.6 Clinical Relevance 

The use of natural enhancers to achieve a 

sustained release profile and improved 

permeation may greatly enhance therapeutic 

results in chronic inflammatory diseases like 

rheumatoid arthritis, osteoarthritis, and 

musculoskeletal pain. These transdermal patches, 

by keeping consistent plasma drug concentrations 

and minimizing systemic side effects, present a 

promising and patient-friendly alternative to oral 

NSAIDs. 

 

9. CONCLUSION 

The current study thoroughly illustrates the 

development of formulations, in-vitro 

assessments, and ex-vivo permeation analyses of 

transdermal patches containing anti-inflammatory 

drugs. These patches utilize natural penetration 

enhancers to boost bioavailability and ensure 

sustained release. 

 

The results indicate that natural penetration 

enhancers like oleic acid, eucalyptus oil, menthol, 

and clove oil significantly enhance drug release 

kinetics and skin permeation without causing 

irritation or affecting physicochemical stability. 

Among the enhancers tested, oleic acid showed 

the greatest enhancement in permeation, followed 

by eucalyptus oil and menthol, demonstrating 

their ability to overcome the stratum corneum's 

barrier resistance. 
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The matrix-type patches formulated exhibited 

strong mechanical properties, consistent drug 

distribution, and sustained drug release over a 24-

hour period, making them suitable for once-daily 

use. Drug release adhered to Higuchi diffusion 

kinetics with a non-Fickian transport mechanism, 

emphasizing the influence of both diffusion and 

polymer relaxation on controlled release 

behavior. 

 

Ex-vivo permeation studies showed a strong 

correlation with in-vitro release data, confirming 

that natural penetration enhancers significantly 

increase drug flux and cumulative permeation, 

thereby improving bioavailability. Additionally, 

skin irritation tests confirmed the safety and 

biocompatibility of these natural enhancers. 

 

In summary, this research highlights the potential 

of natural penetration enhancers as safe, effective, 

and environmentally friendly alternatives to 

synthetic enhancers in transdermal drug delivery 

systems. Incorporating natural enhancers into 

sustained release patches presents a promising 

approach to enhance therapeutic efficacy, 

minimize systemic side effects, and improve 

patient compliance in managing inflammatory 

disorders. 

 

Future research should concentrate on in-vivo 

pharmacokinetic evaluations, long-term stability 

studies, and clinical trials to further validate the 

translational potential of these formulations. 
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