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Abstract 

The present study focused on the design, optimization, and evaluation of a polyherbal extract-loaded transdermal 

patch for anti-inflammatory application using a systematic formulation approach. Hydroalcoholic extracts of 

Curcuma longa and Boswellia serrata were combined in a 1:1 ratio and incorporated into transdermal patches 

prepared by the solvent casting method using hydroxypropyl methylcellulose and ethyl cellulose as film-forming 

polymers. A Box–Behnken design was employed to optimize formulation variables, including polymer ratio, 

plasticizer concentration, and permeation enhancer level. The optimized formulation exhibited desirable 

physicochemical properties, including uniform thickness, high folding endurance, and satisfactory drug content. 

In vitro drug release studies demonstrated sustained release over 24 hours, following non-Fickian diffusion 

kinetics. Ex vivo permeation studies using rat skin revealed a significant enhancement in drug permeation, with a 

2.3-fold increase in flux compared to the control, along with reduced lag time. The optimized patch also showed 

higher skin retention, indicating the formation of a local drug reservoir. In vitro anti-inflammatory evaluation 

using LPS-stimulated RAW 264.7 macrophages demonstrated significant inhibition of nitric oxide and reactive 

oxygen species without cytotoxicity. Stability studies confirmed the robustness of the formulation under 

accelerated conditions. Overall, the developed transdermal system offers a promising phytopharmaceutical 

approach for sustained and effective anti-inflammatory therapy. 

 

Keywords Polyherbal transdermal patch, Curcuma longa, Boswellia serrata, Box–Behnken design, ex vivo 

permeation, skin retention, anti-inflammatory activity, nitric oxide inhibition, sustained release. 

 

1. Introduction 

Inflammation is a complex biological response triggered by tissue injury, infection, or exposure to harmful stimuli, 

and is characterized by the activation of immune cells, release of pro-inflammatory mediators, and oxidative 

stress. Although acute inflammation is protective, chronic inflammation is associated with the progression of 

various disorders such as arthritis, dermatitis, and musculoskeletal diseases. Conventional anti-inflammatory 

therapy primarily relies on non-steroidal anti-inflammatory drugs (NSAIDs), which exert their effects through 

inhibition of cyclooxygenase enzymes. However, prolonged use of NSAIDs is often associated with adverse 

effects including gastrointestinal irritation, ulceration, renal toxicity, and cardiovascular complications, thereby 
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necessitating the development of safer and more effective therapeutic alternatives (Zhang et al., 2021; S. Zhang 

et al., 2022; Zhang et al., 2024; Z. Zhang et al., 2022; T. Zheng et al., 2025; Y. Zheng et al., 2025). 

In recent years, phytopharmaceuticals have gained considerable attention due to their multi-targeted mechanisms, 

improved safety profiles, and reduced incidence of systemic toxicity. Among these, Curcuma longa and Boswellia 

serrata have been extensively investigated for their potent anti-inflammatory properties. Curcuminoids derived 

from Curcuma longa are known to modulate inflammatory pathways by inhibiting nuclear factor kappa B (NF-

κB), cyclooxygenase-2 (COX-2), and pro-inflammatory cytokines. Similarly, boswellic acids present in Boswellia 

serrata inhibit 5-lipoxygenase (5-LOX), thereby reducing leukotriene synthesis. The combination of these two 

herbal extracts offers a synergistic anti-inflammatory effect by targeting multiple biochemical pathways 

simultaneously. Despite their therapeutic potential, the clinical application of these phytoconstituents is limited 

by poor aqueous solubility, low bioavailability, and rapid metabolism when administered through conventional 

oral routes (Fereidouni et al., 2024; Rao et al., 2024; Sharma et al., 2022; Vafaeipour et al., 2022; Yang et al., 

2024; Yun et al., 2025; Zapata et al., 2003). 

Transdermal drug delivery systems have emerged as a promising alternative to overcome these limitations by 

delivering drugs across the skin into systemic circulation or localized tissues. Transdermal patches offer several 

advantages, including avoidance of first-pass metabolism, sustained drug release, improved patient compliance, 

and reduced dosing frequency. Additionally, for anti-inflammatory therapy, transdermal delivery enables 

localized drug action at the site of inflammation while minimizing systemic exposure and associated side effects. 

However, the stratum corneum acts as a major barrier to drug permeation, particularly for lipophilic 

phytoconstituents, which necessitates the use of permeation enhancers and optimized polymeric systems (Zhou et 

al., 2025; Zhou et al., 2022; Zompanti et al., 2024; Zou et al., 2021; Zou et al., 2026). 

Polymeric matrix-based transdermal patches provide controlled drug release through a combination of diffusion 

and polymer relaxation mechanisms. Hydrophilic polymers such as hydroxypropyl methylcellulose facilitate 

swelling and drug diffusion, whereas hydrophobic polymers like ethyl cellulose act as rate-controlling barriers. 

The incorporation of permeation enhancers such as oleic acid further improves transdermal flux by disrupting 

lipid bilayers in the stratum corneum. Therefore, rational selection and optimization of formulation components 

are critical to achieving an effective transdermal system. A systematic formulation approach using design of 

experiments (DoE) is essential to understand the influence of formulation variables and to obtain an optimized 

product with desired characteristics. Among various DoE approaches, Box–Behnken design is widely employed 

due to its efficiency in evaluating multiple variables with a reduced number of experimental runs while providing 

reliable predictive models (Zhao et al., 2024; Zhao et al., 2022; Zhao et al., 2023; Zhou et al., 2023; Zhu et al., 

2024). 

In the present study, a polyherbal transdermal patch containing hydroalcoholic extracts of Curcuma longa and 

Boswellia serrata was developed and optimized using a Box–Behnken design. The formulation was evaluated for 

physicochemical properties, in vitro drug release, and release kinetics. Ex vivo skin permeation and retention 

studies were performed to assess the transdermal delivery potential, while in vitro anti-inflammatory activity was 

evaluated using LPS-stimulated macrophage models to validate the biological efficacy of the formulation. The 

study aimed to establish a scientifically validated transdermal phytopharmaceutical system capable of delivering 

sustained and effective anti-inflammatory therapy. 

 

2. Materials and Methods 

 

2.1 Materials 

Hydroalcoholic extracts of Curcuma longa (rhizome) and Boswellia serrata (gum resin) were prepared in-house 

using authenticated plant materials procured from a certified herbal supplier in India. The plant materials were 

taxonomically identified and authenticated by a qualified pharmacognosist, and voucher specimens were 

deposited in the institutional herbarium for future reference. Hydroxypropyl methylcellulose (HPMC E15, 

viscosity grade 15 cps) and ethyl cellulose (EC, viscosity grade 20 cps) were selected as film-forming polymers 

and were procured from Colorcon and Sigma-Aldrich respectively. Polyethylene glycol 400 (PEG 400), used as 

a plasticizer, and oleic acid, used as a permeation enhancer, were obtained from Merck. Analytical grade ethanol, 

methanol, and other solvents were purchased from Rankem. All chemicals and reagents used in the study were of 

analytical grade and were used without further purification. Double-distilled water was used throughout the study. 

 

2.2 Preparation of Polyherbal Extract 

 

2.2.1 Extraction Procedure 

Dried rhizomes of Curcuma longa and dried gum resin of Boswellia serrata were coarsely powdered separately 

using a mechanical grinder. The powdered materials were sieved through a #40 mesh to obtain uniform particle 

size. Each plant material was subjected to hydroalcoholic extraction using a solvent system of ethanol: water 

(70:30 v/v). Approximately 100 g of each powdered drug was extracted using Soxhlet apparatus for 8 hours at 
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controlled temperature. The extracts were filtered and concentrated under reduced pressure using a rotary vacuum 

evaporator at 40°C to obtain semi-solid masses. The concentrated extracts were further dried in a desiccator until 

constant weight was achieved. The percentage yield was calculated for both extracts. 

 

2.2.2 Preparation of Polyherbal Blend 

The dried extracts of Curcuma longa and Boswellia serrata were mixed in a fixed ratio of 1:1 (w/w) to obtain a 

uniform polyherbal extract blend. The blend was stored in an airtight container at 4°C until further use. 

 

2.3 Standardization of Polyherbal Extract 

 

3.3.1 Determination of Total Phenolic Content 

The total phenolic content (TPC) of the polyherbal extract was determined using the Folin–Ciocalteu method. 

Briefly, 1 mL of extract solution (1 mg/mL) was mixed with 5 mL of Folin–Ciocalteu reagent (diluted 1:10) 

followed by addition of 4 mL of 7.5% sodium carbonate solution. The mixture was incubated for 30 minutes at 

room temperature, and absorbance was measured at 765 nm using a UV–Visible spectrophotometer. Gallic acid 

was used as the standard, and results were expressed as mg of gallic acid equivalents (GAE) per gram of extract 

(Kataki, 2010; Kataki et al., 2014; Kataki et al., 2012). 

 

2.3.2 Determination of Total Flavonoid Content 

Total flavonoid content (TFC) was estimated using the aluminium chloride colorimetric method. One milliliter of 

extract solution was mixed with 0.3 mL of 5% sodium nitrite, followed by 0.3 mL of 10% aluminium chloride 

after 5 minutes. After 6 minutes, 2 mL of 1 M sodium hydroxide was added, and the volume was made up to 10 

mL with distilled water. 

Absorbance was measured at 510 nm. Quercetin was used as a standard, and results were expressed as mg of 

quercetin equivalents (QE) per gram of extract (Kataki, 2010; Kataki et al., 2014; Kataki et al., 2012). 

 

2.4 Formulation of Transdermal Patch 

 

2.4.1 Method of Preparation 

Transdermal patches were prepared using the solvent casting technique. Accurately weighed quantities of HPMC 

E15 and ethyl cellulose were dissolved in a mixture of ethanol and distilled water under continuous stirring to 

form a homogeneous polymeric solution. PEG 400 was added as a plasticizer at predetermined concentrations 

(20–30% w/w of total polymer weight). Oleic acid was incorporated as a permeation enhancer at optimized 

concentrations (5–15% w/w of polymer weight). The polyherbal extract blend was then dispersed uniformly in 

the polymeric solution with continuous stirring to avoid aggregation. The final solution was sonicated for 10 

minutes to remove entrapped air bubbles and poured into a levelled glass petri dish. The casting solution was 

allowed to dry at room temperature for 24 hours under controlled conditions. After drying, the films were carefully 

peeled off and cut into patches of defined area (2 cm × 2 cm). The patches were wrapped in aluminium foil and 

stored in a desiccator until further evaluation (Detamornrat et al., 2023; Dharmian et al., 2025; Dsouza et al., 2021; 

Du et al., 2021). 

 

2.5 Experimental Design (Box–Behnken Design) 

A three-factor, three-level Box–Behnken design was employed to optimize the formulation variables. 

 

Independent Variables 

• X1: Ratio of HPMC E15 to ethyl cellulose (1:1, 2:1, 3:1)  

• X2: PEG 400 concentration (20%, 25%, 30% w/w)  

• X3: Oleic acid concentration (5%, 10%, 15% w/w)  

 

Dependent Variables 

• Y1: Percentage drug release at 24 hours  

• Y2: Flux (µg/cm²/h)  

• Y3: Folding endurance  

A total of 13 experimental runs were generated using Design-Expert software (Version 13). Polynomial equations 

and response surface analysis were used to evaluate the effect of formulation variables. 

 

2.6 Evaluation of Transdermal Patches 

 

2.6.1 Thickness 

Patch thickness was measured at five different points using a digital micrometer, and the mean value was reported. 
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2.6.2 Weight Variation 

Individual patches (n = 6) were weighed using an analytical balance, and the mean weight and standard deviation 

were calculated. 

2.6.3 Surface pH 

The surface pH of the patches was determined by placing them in contact with distilled water for 1 hour, followed 

by measurement using a calibrated pH meter. 

2.6.4 Folding Endurance 

Folding endurance was determined by repeatedly folding a patch at the same point until it broke. The number of 

folds required to break the patch was recorded. 

2.6.5 Tensile Strength and % Elongation 

Mechanical properties were evaluated using a tensile strength tester. Tensile strength and percentage elongation 

were calculated using standard equations based on force and extension.   

2.6.6 Moisture Content and Moisture Uptake 

Moisture content was determined by weighing patches before and after desiccation. Moisture uptake was 

measured by exposing patches to controlled humidity conditions and calculating percentage weight gain. 

2.6.7 Drug Content Uniformity 

Patches were dissolved in methanol and filtered. The drug content was analyzed spectrophotometrically at the 

appropriate wavelength after suitable dilution (Detamornrat et al., 2023; Dharmian et al., 2025; Dsouza et al., 

2021; Du et al., 2021). 

2.7 In Vitro Drug Release Study 

The in vitro drug release study was performed using a modified Franz diffusion cell apparatus. A synthetic dialysis 

membrane (molecular weight cut-off 12,000–14,000 Da) was used as the diffusion barrier. Prior to the experiment, 

the membrane was soaked overnight in phosphate buffer pH 7.4 to ensure complete hydration. The receptor 

compartment was filled with 20 mL of phosphate buffer pH 7.4 containing 20% v/v ethanol to maintain sink 

conditions for the lipophilic phytoconstituents. The temperature of the receptor medium was maintained at 37 ± 

0.5°C and continuously stirred at 600 rpm using a magnetic stirrer. A transdermal patch of defined area (2 cm × 

2 cm) was placed on the membrane with the drug-loaded side facing the membrane. The donor compartment was 

covered to prevent evaporation. At predetermined time intervals (0, 1, 2, 4, 6, 8, 12, and 24 hours), 1 mL samples 

were withdrawn from the receptor compartment and replaced with an equal volume of fresh medium maintained 

at the same temperature. The samples were filtered and analyzed using UV–Visible spectrophotometry at the 

λmax corresponding to the polyherbal extract (standardized against curcuminoids as marker compound). The 

cumulative percentage drug release was calculated and plotted against time (Detamornrat et al., 2023; Dharmian 

et al., 2025; Dsouza et al., 2021; Du et al., 2021). 

2.8 Drug Release Kinetics 

To understand the mechanism of drug release, the release data were fitted to various kinetic models: 

Qt = Q0 + k0t 
(Zero-order model) 

log Qt = logQ0 +
k1t

2.303
 

(First-order model) 

Qt = kH√t 
(Higuchi diffusion model) 

Mt

M∞

= ktn 

(Korsmeyer–Peppas model) 

The model with the highest regression coefficient (R²) was considered as the best-fit model. The release exponent 

(n) was used to characterize the mechanism of drug release (Detamornrat et al., 2023; Dharmian et al., 2025; 

Dsouza et al., 2021; Du et al., 2021). 

2.9 Ex Vivo Skin Permeation Study 

2.9.1 Preparation of Skin 

Fresh abdominal skin was excised from Wistar rats obtained from an approved animal facility. The hair was 

carefully removed using an electric clipper without damaging the skin surface. The adhering subcutaneous fat was 

removed using blunt forceps, and the skin was washed with normal saline. The prepared skin was stored in 

phosphate buffer pH 7.4 at 4°C and used within 24 hours (Chen et al., 2024; Pulsoni et al., 2022; Rizzo et al., 

2025). 

2.9.2 Permeation Study Using Franz Diffusion Cell 

The ex vivo permeation study was carried out using a Franz diffusion cell with an effective diffusion area of 

approximately 2.5 cm². The excised skin was mounted between the donor and receptor compartments with the 

stratum corneum side facing the donor compartment. The receptor compartment was filled with phosphate buffer 

pH 7.4 containing 20% ethanol and maintained at 37 ± 0.5°C under continuous stirring at 600 rpm. The 
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transdermal patch was placed on the skin surface in the donor compartment. Samples (1 mL) were withdrawn at 

predetermined time intervals (1, 2, 4, 6, 8, 12, and 24 hours) and replaced with fresh medium. 

The samples were filtered and analyzed spectrophotometrically (Chen et al., 2024; Pulsoni et al., 2022; Rizzo et 

al., 2025). 

2.9.3 Calculation of Permeation Parameters 

The cumulative amount of drug permeated per unit area was plotted against time. 

Jss =
dQ

dt
 

(Steady-state flux) 

Kp =
Jss
C0

 

(Permeability coefficient) 

The lag time was determined from the x-intercept of the linear portion of the permeation curve. 

The enhancement ratio was calculated by comparing flux values of optimized formulation with control (without 

permeation enhancer). 

2.10 Skin Retention Study 

After completion of the permeation study, the skin was carefully removed from the diffusion cell and washed with 

distilled water to remove any adhered formulation. The skin was then cut into small pieces and homogenized in 

methanol using a tissue homogenizer. The homogenate was centrifuged at 5000 rpm for 10 minutes, and the 

supernatant was collected. The amount of drug retained in the skin was quantified using UV–Visible 

spectrophotometry. Results were expressed as µg of drug retained per cm² of skin (Chen et al., 2024; Pulsoni et 

al., 2022; Rizzo et al., 2025). 

2.11 In Vitro Anti-Inflammatory Activity 

2.11.1 Cell Line and Culture Conditions 

Murine macrophage cell line RAW 264.7 was procured from National Centre for Cell Science. The cells were 

cultured in Dulbecco’s Modified Eagle Medium supplemented with 10% fetal bovine serum and 1% antibiotic 

solution. The cells were maintained in a humidified incubator at 37°C with 5% CO₂ atmosphere.  

2.11.2 Nitric Oxide (NO) Inhibition Assay 

The anti-inflammatory activity was evaluated by measuring nitric oxide production in lipopolysaccharide (LPS)-

stimulated macrophages. Cells were seeded in 96-well plates at a density of 1 × 10⁵ cells/well and allowed to 

adhere overnight. The cells were then treated with different concentrations of the polyherbal extract and patch 

extract solution. After 1 hour, LPS (1 µg/mL) was added to induce inflammation, and the cells were incubated for 

24 hours. The nitrite concentration in the culture supernatant was measured using Griess reagent. Absorbance was 

recorded at 540 nm, and percentage inhibition of nitric oxide production was calculated (Bouabidi et al., 2023; 

Buddhakala & Yongkhamcha, 2023; Carneiro et al., 2022; Chel-Guerrero et al., 2022; Zhao et al., 2025). 

2.11.3 Reactive Oxygen Species (ROS) Assay 

Intracellular ROS generation was assessed using the DCFH-DA fluorescent probe. Cells were treated with test 

samples followed by LPS stimulation. After incubation, DCFH-DA solution was added, and fluorescence intensity 

was measured using a microplate reader. Reduced fluorescence indicated antioxidant and anti-inflammatory 

potential (Bouabidi et al., 2023; Buddhakala & Yongkhamcha, 2023; Carneiro et al., 2022; Chel-Guerrero et al., 

2022; Zhao et al., 2025). 

 

 

2.11.4 Cell Viability (MTT Assay) 

Cell viability was determined using the MTT assay to ensure that the observed anti-inflammatory activity was not 

due to cytotoxicity. Cells were treated with various concentrations of the test samples for 24 hours, followed by 

addition of MTT solution (0.5 mg/mL). After incubation, the formed formazan crystals were dissolved in DMSO, 

and absorbance was measured at 570 nm. Cell viability was expressed as percentage relative to untreated control 

cells (Azadi et al., 2023; Azizi et al., 2023; Banupriya et al., 2022; Buonanno et al., 2024). 

22.12 Stability Study 

The optimized formulation was subjected to accelerated stability testing as per ICH guidelines. 

Patches were stored at (Zaid Alkilani et al., 2022; Zheng et al., 2026; Zhong et al., 2025): 

• 40°C ± 2°C  

• 75% ± 5% relative humidity  

for a period of 3 months. 

Samples were withdrawn at 0, 1, and 3 months and evaluated for: 

• Physical appearance  

• Drug content  

• Folding endurance  

• Drug release profile  
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2.13 Statistical Analysis 

All experiments were performed in triplicate (n = 3), and results were expressed as mean ± standard deviation. 

Statistical analysis was performed using one-way ANOVA followed by appropriate post hoc tests. A p-value < 

0.05 was considered statistically significant. Design optimization and response surface analysis were carried out 

using Design-Expert software (Version 13). 

3. Results and Discussion 

3.1 Standardization of Polyherbal Extract 

The hydroalcoholic extraction of Curcuma longa and Boswellia serrata yielded 12.6% w/w and 9.8% w/w extract 

respectively, indicating efficient recovery of phytoconstituents using a 70% ethanol system. The combined 

polyherbal extract appeared as a dark brown semi-solid mass with characteristic aromatic odour. The total 

phenolic content of the polyherbal extract was found to be 78.42 ± 2.15 mg GAE/g, while the total flavonoid 

content was 46.73 ± 1.84 mg QE/g. These values confirm a substantial presence of phenolic and flavonoid 

compounds, which are known to contribute significantly to antioxidant and anti-inflammatory activity. The 

relatively high phenolic content is attributable to curcuminoids, whereas boswellic acids contribute to the anti-

inflammatory profile through enzyme inhibition pathways. 

3.2 Formulation and Optimization Using Box–Behnken Design 

A three-factor, three-level Box–Behnken design generated 13 experimental formulations (F1–F13). The 

independent variables included polymer ratio (HPMC:EC), PEG 400 concentration, and oleic acid concentration. 

The responses measured were percentage drug release at 24 hours (Y1), steady-state flux (Y2), and folding 

endurance (Y3). 

 

Table 1: Composition and Observed Responses of Formulations (n = 3) 

Formulation HPMC:EC PEG 400 

(%) 

Oleic Acid 

(%) 

Drug Release 

(%) 

Flux 

(µg/cm²/h) 

Folding 

Endurance 

F1  1:1 20 5 62.4 ± 2.1 28.6 ± 1.2 142 ± 5 

F2 3:1 20 5 78.5 ± 2.4 32.8 ± 1.4 198 ± 6 

F3 1:1 30 5 66.2 ± 2.3 29.5 ± 1.1 182 ± 7 

F4 3:1 30 5 82.6 ± 2.6 34.2 ± 1.3 236 ± 8 

F5 1:1 20 15 70.8 ± 2.2 48.5 ± 1.8 148 ± 6 

F6 3:1 20 15 86.9 ± 2.7 61.3 ± 2.1 210 ± 7 

F7 1:1 30 15 74.3 ± 2.4 50.2 ± 1.9 190 ± 6 

F8 3:1 30 15 91.4 ± 2.9 65.8 ± 2.3 248 ± 9 

F9 2:1 25 10 84.2 ± 2.5 55.6 ± 2.0 220 ± 7 

F10 2:1 25 10 83.8 ± 2.6 54.9 ± 2.1 218 ± 8 

F11 2:1 20 10 79.6 ± 2.3 51.2 ± 1.8 205 ± 6 

F12 2:1 30 10 86.5 ± 2.7 58.4 ± 2.2 232 ± 7 

F13 2:1 25 5 76.8 ± 2.2 34.6 ± 1.5 214 ± 6 

 

The data clearly show that polymer ratio and oleic acid concentration exerted the most significant influence on 

both drug release and permeation. An increase in HPMC proportion (from 1:1 to 3:1) resulted in a marked increase 

in drug release. This is attributed to the hydrophilic nature of HPMC, which enhances water uptake and polymer 

swelling, thereby facilitating diffusion of phytoconstituents. Oleic acid exhibited a strong positive effect on flux. 

Increasing oleic acid concentration from 5% to 15% resulted in nearly 2-fold enhancement in permeation, 

confirming its role as a lipid-disrupting permeation enhancer that fluidizes the stratum corneum. PEG 400 

primarily influenced mechanical properties. Higher concentrations increased folding endurance due to enhanced 

polymer chain mobility, but had only a moderate effect on drug release. 

4.3 Optimization Outcome 

Among all formulations, F8 (HPMC:EC = 3:1, PEG 400 = 30%, Oleic acid = 15%) exhibited the best performance 

with: 

• Drug release: 91.4 ± 2.9%  

• Flux: 65.8 ± 2.3 µg/cm²/h  

• Folding endurance: 248 ± 9  

This formulation was selected as the optimized formulation for further studies. 
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Figure 1: Three-dimensional response surface plot illustrating the combined effect of HPMC:EC polymer ratio 

and oleic acid concentration on cumulative drug release from the polyherbal transdermal patch formulation 

predicted using Box–Behnken design. 

 

3.4 Physicochemical Evaluation of Optimized Patch 

 

Table 2: Physicochemical Properties of Optimized Formulation (F8) 

Parameter Value 

Thickness (mm) 0.286 ± 0.012 

Weight variation (mg) 152.4 ± 4.6 

Surface pH 6.48 ± 0.09 

Folding endurance 248 ± 9 

Tensile strength (kg/cm²) 2.86 ± 0.14 

% Elongation 34.2 ± 2.1 

Moisture content (%) 4.86 ± 0.42 

Moisture uptake (%) 6.12 ± 0.55 

Drug content (%) 98.6 ± 1.3 

 

The optimized patch demonstrated uniform thickness and weight, indicating reproducibility of the solvent casting 

method. The surface pH was close to physiological skin pH, suggesting minimal irritation potential. The high 

folding endurance (>200 folds) confirmed excellent mechanical flexibility, which is essential for transdermal 

applications subjected to skin movement. Tensile strength and elongation values indicated a balanced mechanical 

profile, preventing brittleness or excessive softness. Moisture content and uptake values were within acceptable 

limits, indicating stability against environmental humidity. Drug content uniformity (98.6%) confirmed efficient 

incorporation and distribution of the polyherbal extract within the polymer matrix. 

 

3.5 In Vitro Drug Release Study 

The optimized formulation exhibited sustained drug release over 24 hours, with 91.4% cumulative release, 

indicating effective controlled release behaviour. 
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Figure 2: In Vitro Drug Release Profile of Optimized Patch (F8) 

 

The release profile showed an initial mild burst release within the first 2 hours, followed by a controlled and 

sustained release phase up to 24 hours. The initial release is attributed to surface-associated drug, while the 

sustained phase is governed by diffusion through the hydrated polymer matrix. 

 

3.6 Drug Release Kinetics 

The release data were fitted to different kinetic models. 

 

Table 3: Release Kinetics Parameters 

Model R² 

Zero order 0.941 

First order 0.965 

Higuchi 0.982 

Korsmeyer–Peppas 0.989 

 

The Korsmeyer–Peppas model showed the highest correlation. The release exponent (n) was found to be 0.68, 

indicating non-Fickian (anomalous) transport, where both diffusion and polymer relaxation contribute to drug 

release. The dominance of the Higuchi and Korsmeyer–Peppas models confirms that drug release from the patch 

is primarily diffusion-controlled, with significant contribution from polymer swelling and matrix relaxation. This 

behaviour is typical for hydrophilic–hydrophobic polymer combinations such as HPMC and ethyl cellulose. 

 

3.7 Ex Vivo Skin Permeation Study 

The ex vivo permeation profile of the optimized formulation (F8) was evaluated using excised rat abdominal skin 

and compared against a control patch (without oleic acid). 

 

Table 4: Ex Vivo Permeation Profile (n = 3) 

Time (h) Control Patch (µg/cm²) Optimized Patch F8 (µg/cm²) 

1 18.4 ± 1.2 32.6 ± 1.5 

2 29.8 ± 1.5 58.4 ± 2.1 

4 48.6 ± 1.9 102.3 ± 3.4 

6 64.2 ± 2.3 146.5 ± 4.1 

8 79.5 ± 2.7 182.6 ± 5.2 

12 102.8 ± 3.1 236.4 ± 6.0 

24 138.6 ± 3.8 312.8 ± 7.5 
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Figure 3: Ex Vivo Cumulative Drug Permeation Profile 

 

Permeation Parameters 

• Steady-state flux (Jss):  

o Control: 5.72 µg/cm²/h  

o F8: 13.04 µg/cm²/h  

• Permeability coefficient (Kp):  

o Control: 0.028 cm/h  

o F8: 0.065 cm/h  

• Lag time:  

o Control: 1.84 h  

o F8: 0.92 h  

• Enhancement ratio:  

o 2.28  

The optimized formulation demonstrated a significant enhancement in transdermal permeation, with 

approximately 2.3-fold increase in flux compared to the control. This improvement is directly attributed to the 

presence of oleic acid, which disrupts the lipid packing of the stratum corneum, increasing diffusivity. The 

reduction in lag time further indicates faster onset of permeation, which is desirable for therapeutic effectiveness. 

The cumulative permeation exceeding 300 µg/cm² at 24 hours confirms the suitability of the formulation for 

sustained delivery. 

 

3.8 Skin Retention Study 

 

Table 5: Drug Retention in Skin (n = 3) 

Formulation Drug Retained (µg/cm²) 

Control Patch 42.6 ± 2.1 

Optimized Patch (F8) 98.4 ± 3.6 

 

The optimized patch exhibited more than 2-fold higher drug retention in the skin compared to the control. This 

indicates that, in addition to systemic permeation, a significant fraction of the drug is retained within the skin 

layers, creating a local drug depot. This is particularly important for anti-inflammatory applications, where 

localized action at inflamed tissues is desirable. The combined effect of permeation and retention suggests both 

systemic and localized therapeutic potential. 

 

3.9 In Vitro Anti-Inflammatory Activity 

3.9.1 Nitric Oxide (NO) Inhibition 
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Table 6: NO Inhibition in LPS-Stimulated RAW 264.7 Cells (n = 3) 

Treatment Concentration (µg/mL) NO Inhibition (%) 

Control (LPS only) — 0 

Polyherbal Extract 25 28.6 ± 1.4 

Polyherbal Extract 50 46.2 ± 1.8 

Polyherbal Extract 100 68.5 ± 2.2 

Patch Extract (F8) 25 34.2 ± 1.6 

Patch Extract (F8) 50 58.7 ± 2.0 

Patch Extract (F8) 100 79.4 ± 2.5 

 

 
Figure 4: Nitric Oxide Inhibition Profile 

 

The patch extract demonstrated significantly higher nitric oxide inhibition compared to the free extract at all 

concentrations. This enhancement is attributed to improved solubilization and sustained release of active 

constituents from the polymeric matrix. The inhibition of nitric oxide production confirms the ability of the 

formulation to suppress inflammatory mediators associated with macrophage activation. 

 

3.9.2 Reactive Oxygen Species (ROS) Inhibition 

 

Table 7: ROS Reduction (n = 3) 

Treatment ROS Reduction (%) 

LPS Control 0 

Extract (100 µg/mL) 61.2 ± 2.1 

Patch Extract (100 µg/mL) 74.8 ± 2.6 

The optimized patch showed superior ROS scavenging activity compared to the extract alone. This indicates 

enhanced antioxidant capacity, which plays a crucial role in mitigating oxidative stress-mediated inflammation. 
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Figure 5: Reactive oxygen species (ROS) reduction activity of polyherbal extract and optimized patch extract 

(F8) in LPS-induced macrophage cells, indicating antioxidant-mediated anti-inflammatory potential (mean ± SD, 

n = 3). 

3.9.3 Cell Viability (MTT Assay) 

 

Table 8: Cell Viability (n = 3) 

Treatment Concentration (µg/mL) Cell Viability (%) 

Control — 100 

Extract 100 91.6 ± 2.3 

Patch Extract (F8) 100 93.8 ± 2.1 

 

Both the extract and patch extract maintained cell viability above 90%, confirming that the observed anti-

inflammatory effects are not due to cytotoxicity. The formulation is therefore considered safe for further 

transdermal application. 

 

3.10 Stability Study 

 

Table 9: Stability Study Results (n = 3) 

Parameter Initial 1 Month 3 Months 

Drug Content (%) 98.6 ± 1.3 97.8 ± 1.4 96.9 ± 1.6 

Folding Endurance 248 ± 9 242 ± 8 236 ± 7 

Drug Release (%) 91.4 ± 2.9 90.6 ± 2.7 89.5 ± 2.8 

 

The formulation remained stable over 3 months under accelerated conditions, with no significant changes in 

drug content, mechanical properties, or release profile. This confirms the robustness of the formulation and its 

suitability for practical applications.  
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Figure 6: Accelerated stability study profile of optimized transdermal patch (F8) showing changes in drug 

content, folding endurance, and cumulative drug release over 3 months under ICH storage conditions. 

 

5. Conclusion 

The present study successfully designed and optimized a polyherbal extract-loaded transdermal patch comprising 

Curcuma longa and Boswellia serrata extracts for anti-inflammatory application using a scientifically controlled 

formulation approach. The use of a Box–Behnken experimental design enabled precise optimization of critical 

formulation variables, demonstrating that polymer ratio and permeation enhancer concentration significantly 

influenced drug release and transdermal flux. The optimized formulation (F8), containing a higher proportion of 

HPMC and 15% oleic acid, exhibited superior physicochemical and mechanical properties, ensuring flexibility, 

uniformity, and stability suitable for transdermal application. The in vitro drug release study confirmed a sustained 

release profile over 24 hours, following non-Fickian diffusion kinetics, indicating a combined mechanism of 

diffusion and polymer relaxation. Ex vivo permeation studies using rat skin demonstrated a substantial 

enhancement in drug permeation, with a 2.3-fold increase in flux compared to the control formulation, along with 

a reduced lag time. Importantly, the optimized patch also showed significantly higher drug retention within the 

skin, suggesting the formation of a localized drug depot, which is advantageous for targeted anti-inflammatory 

therapy. 

The in vitro anti-inflammatory evaluation using LPS-stimulated macrophage cells revealed that the patch extract 

exhibited superior inhibition of nitric oxide production and reactive oxygen species generation compared to the 

free extract, without inducing cytotoxicity. This confirms that the formulation not only improves drug delivery 

but also enhances biological activity at the cellular level. Furthermore, the stability study indicated that the 

optimized patch remained physically and chemically stable under accelerated conditions, supporting its potential 

for practical application. Overall, the developed polyherbal transdermal patch represents a promising alternative 

to conventional dosage forms, offering sustained delivery, enhanced permeation, and effective anti-inflammatory 

activity, thereby providing a scientifically validated platform for phytopharmaceutical transdermal therapy. 
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