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ABSTRACT: 
Background: The rapidly evolving landscape of pharmaceutical development has seen rising interest in non-

invasive drug delivery systems that merge traditional herbal medicine with modern technology. This study details 

the formulation and evaluation of a novel herbal foot patch designed to utilize the unique, porous structure of the 

plantar skin area. By targeting this site, the transdermal system aims to bypass first-pass hepatic metabolism, 

offering a controlled-release mechanism that simultaneously supports systemic detoxification and provides 

localized pain relief. Ultimately, this approach highlights how integrating bio-minerals and plant-based actives 

can yield sustainable, patient-friendly alternatives to conventional systemic drug delivery routes. Materials and 

Methods: The formulation of this transdermal system utilizes a precise combination of bioactive materials and 

structural agents organized into a powder-in-pouch design. The active components include turmeric, incorporated 

for its potent anti-inflammatory and antioxidant properties, and tourmaline, a silicate mineral added to emit far-

infrared radiation to improve local microcirculation and skin permeability. Ascorbic acid (Vitamin C) is included 

to stabilize the formulation and brighten the skin, while dried lavender flower powder acts as both a natural 

sedative and an aromatic stabilizer to enhance patient compliance. To ensure structural integrity, cornstarch is 
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utilized as a natural polymer matrix and a moisture-absorbing base. Following formulation, the patches are 

subjected to physicochemical characterization methods to evaluate their thickness, weight uniformity, pH 

compatibility, and potential drug-polymer interactions. Results: The transdermal patch underwent in-vitro 

evaluation that includes measurements of its thickness, folding endurance, weight uniformity, percentage of 

moisture content, pH, and estimated curcumin content. Among the three patches, formulation F2 demonstrated 

the best properties of the transdermal patch. Conclusion: The results obtained from the study demonstrated that 

a transdermal patch containing a combination of turmeric, lavender, tourmaline, ascorbic acid and corn starch can 

be effectively made with the reservoir system powder-in-pouch method. 

 

INTRODUCTION: 
Increased exposure to environmental contaminants and lifestyle-related stress has led to growing interest in 

detoxification and wellness-based therapeutic systems. A detoxifying patch is disclosed that is preferably applied 

to the soles of the feet as a therapeutic treatment to remove toxins from the body and increase blood circulation. 

The accumulation of heavy metals, chemicals and other toxins in the body interferes with its ability to absorb 

essential minerals and vitamins from foods. Many natural healthcare practitioners believe that these toxins travel 

down through the body towards the foot. Additionally, circulation of blood and lymphatic fluids reaches its 

furthest point in the soles of the feet before returning back up in the higher portions of the body. Therefore, there 

is a need for a device and method to remove harmful toxins from the body and improve circulation, preferably 

from the soles of the feet.¹ 

 

Detox foot pads contain ingredients based on natural ancient recipes and they aim to purify the body through the 

skin of the feet.² Transdermal drug delivery systems are topically administered medicaments in the form of patches 

that deliver the drug for systemic effects at a predetermined controlled rate. A transdermal drug delivery device, 

which may be of an active or passive design, provides an alternative route for administering medication. These 

devices allow pharmaceuticals to be delivered across the skin barrier.³ A drug is applied in a relatively high dosage 

to the inside of a patch, which is worn on the skin for an extended period of time. Through a diffusion process, 

the drug enters the bloodstream directly through the skin. Since there is high concentration on the patch and low 

concentration in the blood, the drug will keep diffusing into the blood for a long period of time, maintaining a 

constant concentration of drug in the blood flow. The best mixture is about fifty percent of the drug being each 

hydrophilic and lipophilic, because lipid-soluble substances readily pass through the intercellular lipid bilayers of 

the cell membranes whereas water-soluble drugs face limiting steps in transdermal drug delivery. Sweat ducts are 

paths of entry, but they are considered rather insignificant.⁴ 

 

This study aims to develop a herbal transdermal patch that combines traditional remedies with modern delivery 

methods for effective, non-invasive detoxification. Turmeric, tourmaline, lavender oil, corn starch and ascorbic 

acid offer valuable therapeutic benefits, especially in traditional medicine. Turmeric is known for its anti-

inflammatory, antioxidant, and anticancer properties, making it useful for relieving pain and swelling.⁵ 

 

Among formulations, the transdermal patch is the most extensively utilized for detoxification applications, with 

gradual improvement in design and application over the decades. The advantages of a drug administered through 

a transdermal patch include a uniform rate of drug release over an extended period of time⁶ and avoidance of first-

pass metabolism in the liver or GIT, thereby increasing bioavailability.⁷ Transdermal patches are mostly composed 

of natural ingredients obtained from a variety of natural sources, underscoring the importance of natural herbs and 

the advantages of transdermal patches for local effect in detoxification.⁸ 

 

MATERIALS AND METHODS 
Materials: 

Turmeric (Curcuma longa): 

 
Figure 1: Turmeric 

Turmeric (Curcuma longa Linn.) is a perennial flowering plant belonging to the Zingiberaceae family and is native 
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to Southeast Asia. The biological source of turmeric consists of the dried rhizomes of Curcuma longa, which have 

been widely used in traditional systems of medicine such as Ayurveda and Chinese medicine for centuries. 

Turmeric is commonly known by several regional names, including Haldi in Hindi, Manjal in Tamil, and Turmer 

in French. Historically, turmeric has been valued for its medicinal, culinary, and cosmetic applications due to its 

strong anti-inflammatory and antioxidant properties.⁹ Turmeric contains numerous bioactive compounds, of which 

curcumin is the principal active constituent responsible for most of its therapeutic effects. In addition to curcumin, 

turmeric also contains dimethoxycurcumin, bisdemethoxycurcumin, volatile oils, proteins, starch, sugars, and 

resins.¹⁰ The volatile oil fraction includes compounds such as turmerone, atlantone and zingiberene, which 

contribute to turmeric's aroma and biological activities. Curcumin has been extensively studied for its antioxidant, 

anti-inflammatory, antimicrobial, anticancer and hepatoprotective properties.¹¹ 

 

Lavender (Lavandula angustifolia) 

 
Figure 2: Lavender Powder 

 

Lavender (Lavandula angustifolia), a highly prized flowering plant belonging to the mint family (Lamiaceae), is 

native to the mountainous regions of the Mediterranean. Historically, this species has been utilized across diverse 

cultural eras for its applications in traditional medicine, cosmetics, perfumery, and culinary arts. Known 

historically and taxonomically by several synonyms—including Lavandula officinalis, true lavender, and English 

lavender—the plant remains a cornerstone of modern ethnopharmacological research. Mechanistically, while 

historically used as a crude botanical preparation, modern processing relies heavily on optimized steam distillation 

or hydro-distillation of the fresh flowers to yield high-quality essential oils or concentrated lavender powder.¹² 

Beyond its traditional geographical habitat, modern agronomic cultivation of L. angustifolia has expanded 

globally to meet industrial demand across temperate zones, where environmental variables such as soil 

composition and UV exposure heavily influence its secondary metabolite yields.¹³ The therapeutic efficacy and 

distinct aroma profile of lavender are dictated by its intricate secondary metabolite matrix, comprising more than 

one hundred volatile compounds. Chromatographic and spectroscopic profiles show that the primary chemical 

constituents are the monoterpenes linalool and linalyl acetate, which together frequently constitute over 60% of 

the total volatile fraction.¹⁴ Linalool is the major bioactive agent tied to the sedative and calming effects of the 

botanical, whereas linalyl acetate contributes to the characteristic floral fragrance profile and acts synergistically 

to provide anti-inflammatory and therapeutic qualities.¹⁵ 

 

Ascorbic acid (Vitamin C) 

 
Figure 3: Ascorbic Acid Powder 

 

L-ascorbic acid, universally recognized as Vitamin C, is a vital water-soluble micronutrient primarily obtained 

from biological sources such as citrus fruits (e.g., oranges, lemons, and grapefruits) and their expressed juices. 

Historically, the identification of citrus juices as a preventative remedy for scurvy marked a milestone in 

nutritional science, eventually leading to the isolation and characterization of ascorbic acid in the early 20th 

century. In modern industrial and pharmaceutical manufacturing, while citrus extracts remain valued as natural 

matrices, high-purity L-ascorbic acid, sodium ascorbate, and calcium ascorbate are predominantly synthesized 

through chemical or biosynthetic fermentation processes (such as the Reichstein process) utilizing D-glucose as 

a starting substrate.¹⁶ These mineral salts—sodium and calcium ascorbate—serve as buffered, less acidic 
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alternatives that minimize gastrointestinal irritation while maintaining bioavailability and therapeutic efficacy 

comparable to the parent compound.¹⁷ In addition to its anti-inflammatory actions—which operate by suppressing 

pro-inflammatory nuclear transcription factors such as NF-kB to reduce erythema—ascorbic acid acts as an 

effective topical de-pigmenting agent.¹⁷ 

 

Tourmaline 

 
Figure 4: Tourmaline Powder 

 

Tourmaline possesses unique non-centrosymmetric crystal structures that give rise to distinct pyroelectric and 

piezoelectric properties. When subjected to mechanical stress or temperature fluctuations, the mineral develops a 

transient localized electric polarization, generating micro-currents and emitting far-infrared (FIR) radiation 

alongside negative air ions.¹⁸ In alternative medicine and holistic therapies, these properties are traditionally 

leveraged for protective purposes, such as serving as a buffer to capture perceived negative ambient energies. 

From a conventional physiological standpoint, modern researchers evaluate tourmaline-functionalized textiles and 

ceramics for their subtle biophysical interactions. Evidence suggests that the far-infrared emissions and negative 

ions generated by tourmaline particles can promote localized microcirculation, accelerate tissue repair, and 

modestly stimulate metabolic pathways by reducing oxidative stress and inducing mild thermal effects in 

subcutaneous tissues.¹⁹ 

 

Corn starch 

 
Figure 5: Corn Starch Powder 

 

Methods: 

The herbal transdermal foot patch was prepared using the standardized reservoir-type powder-in-pouch method, 

a controlled drug delivery approach designed to provide uniform dosing, sustained release and enhanced stability 

of active constituents. In this system, the active herbal reservoir containing turmeric (Curcuma longa), corn starch 

(Zea mays), lavender (Lavandula angustifolia), ascorbic acid, and tourmaline powder was enclosed within a semi-

permeable non-woven pouch and attached to a hypoallergenic adhesive backing membrane. Initially, all raw 

materials were individually sieved through a pharmaceutical-grade mesh sieve to obtain a uniform particle size 

distribution, eliminate aggregates, and improve blend homogeneity, which is essential for consistent transdermal 

diffusion and dose uniformity.²¹ 
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Figure 6: Formulation 

 

The accurately weighed ingredients were then blended geometrically in a stainless-steel blender to achieve a 

homogeneous powder matrix. Turmeric and corn starch were incorporated for their anti-inflammatory, 

antioxidant, and circulation-enhancing properties, while lavender contributed soothing and aromatherapeutic 

effects. Ascorbic acid functioned as an antioxidant stabilizer to prevent oxidative degradation of 

phytoconstituents, whereas tourmaline powder was included for its reported far-infrared emission and ionizing 

effects that may support local blood circulation and enhance transdermal permeation. The prepared blend was 

subjected to blend-uniformity analysis by sampling different regions of the mixture to ensure consistent 

composition and minimize dose variation.²³ A predetermined quantity of the homogeneous powder blend was then 

filled into pre-cut semi-permeable pouch fabrics to form the drug reservoir compartment. The pouches were sealed 

using heat-sealing or ultrasonic-sealing techniques to prevent leakage, maintain structural integrity, and protect 

the formulation from environmental contamination and moisture.²² Subsequently, the sealed pouch reservoir was 

fixed onto a medical-grade pressure-sensitive adhesive backing membrane, followed by application of a protective 

peel-off release liner. Finally, the prepared patches were individually packaged in moisture-resistant aluminium 

foil pouches and labelled appropriately to protect the formulation from humidity, oxidation, and photodegradation 

during storage.²⁴ 

 

A total of three transdermal patches were formulated with variable amounts of each component. The complete 

composition of each transdermal patch is shown in Table 1. 

 
Table 1: Composition of Transdermal Patch 

Formulation 

Code 

Turmeric (gm) Lavender (gm) Vitamin C (gm) Tourmaline (gm) Corn Starch (gm) 

F1 0.40 1.20 0.60 1.0 0.80 

F2 0.40 2.0 0.60 0.60 0.40 

F3 0.20 2.80 0.40 0.40 0.20 

 

 
Figure 7: Transdermal Patches Formulated (F1, F2, F3) 

 

Physicochemical evaluation of transdermal patch⁸ 

Physical appearance: The patches were evaluated for colour, odour, texture and appearance. The prepared 

patches underwent visual inspection, assessing attributes such as colour, clarity, flexibility, and smoothness. 

Thickness: The thickness of the formulated patch was measured at three different points using a digital vernier 

caliper and the average thickness was determined from these readings. The standard deviation was calculated to 
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ensure uniformity in the thickness of the prepared patch. 

 

 
Figure 8: Thickness 

 

Weight uniformity: The prepared patch was cut into three 1 × 1 cm³ sections and each section was weighed using 

a digital balance. The average weight was then calculated. 

 

 
Figure 9: Weight Uniformity 

Surface pH: To determine the surface pH of the patch, 1 × 1 cm³ sections were cut from three different areas of 

the patch and placed in 0.5 mL of distilled water and allowed to swell for 1 hour. The surface pH was then 

measured using a digital pH meter and the average pH value was calculated. 

 

 
Figure 10: Surface pH 

 

Percentage of moisture content: The patches were accurately weighed and then placed inside a desiccator 

containing anhydrous calcium chloride. After 3 days, the patches were removed from the desiccator and 

reweighed. The moisture content (%) of the transdermal patches was then calculated using the formula: 

% Moisture content = [(Initial weight − Final weight) / Initial weight] × 100 
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Figure 11: Moisture Content 

 

Folding endurance: The efficacy of the plasticizer was evaluated using a folding endurance test. This involved 

manually folding the prepared patches repeatedly at the same spot until they broke. The number of times each 

transdermal patch could be folded at the same position without breaking was recorded as the folding endurance. 

 

 
Figure 12: Folding Endurance 

 

Estimation of content in the transdermal patch: A 1 × 1 cm² section of the patch was placed in a 10 mL test 

tube, and 10 mL of methanol was added. The mixture was shaken for 2 hours and then left to stand overnight. 

Afterward, the solution was filtered using filter paper. From the filtered solution, 1 mL was transferred into a 10 

mL volumetric flask and diluted to the mark with methanol. The absorbance was measured at 425 nm using a UV 

spectrometer and the concentration was calculated using a slope value of 0.1228. 

 

 
Figure 13: Drug Content Test 

 

RESULTS AND DISCUSSION 
The goal of the study was to develop a transdermal patch using the reservoir powder-in-pouch method. A total of 

three formulations of herbal foot patches were prepared and evaluated, namely F1, F2, and F3, for their 

physicochemical and mechanical characteristics. The prepared patches showed satisfactory uniformity in all 
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evaluation parameters including thickness, weight variation, surface pH, moisture content, and folding endurance. 

The obtained results indicated that the formulated patches possessed acceptable properties for transdermal 

application.²⁵ The results are depicted in Table 2. 

 
Table 2: Physicochemical Evaluation of Transdermal Patch 

Sr. 

No. 
Evaluation Parameter F1 F2 F3 

1 Thickness (mm) 0.51 ± 0.01 0.50 ± 0.01 0.52 ± 0.01 

2 Weight Variation (mg) 4.02 ± 0.02 3.98 ± 0.02 4.01 ± 0.02 

3 Surface pH 6.4 6.6 6.5 

4 Percentage of Moisture Content (%) 9.95 ± 0.05 9.55 ± 0.05 9.48 ± 0.05 

5 Folding Endurance > 185 > 192 > 178 

 

The thickness of the prepared patches was found to be in the range of 0.50 ± 0.01 mm to 0.52 ± 0.01 mm, indicating 

uniform distribution of the formulation throughout the patches. Among all formulations, F2 showed the lowest 

thickness (0.50 ± 0.01 mm), suggesting better uniformity and flexibility compared to F1 and F3.²⁶ The weight 

variation test demonstrated minimal difference among the formulations, confirming accurate mixing and proper 

casting of the patches. The values obtained were 4.02 ± 0.02 mg for F1, 3.98 ± 0.02 mg for F2, and 4.01 ± 0.02 

mg for F3. The F2 formulation exhibited the most uniform weight variation, indicating better consistency during 

formulation preparation.²⁷ 

 

Surface pH values of all formulations were found to be near neutral, ranging from 6.4 to 6.6, which indicates 

compatibility with skin and a lower possibility of irritation upon application. The F2 patch showed a pH of 6.6, 

considered highly suitable for topical and transdermal use.²⁸ Moisture content analysis revealed values between 

9.48 ± 0.05% and 9.95 ± 0.05%. Among all formulations, F2 exhibited an optimum moisture content of 9.55 ± 

0.05%, which may contribute to better stability, flexibility, and moisture absorption capacity of the patch. 

Excessive moisture may reduce stability, while insufficient moisture can make the patch brittle; therefore, F2 

demonstrated balanced characteristics.²⁹ 

 

Folding endurance studies indicated good mechanical strength for all formulations. The values were found to be 

greater than 185, 192, and 178 for F1, F2, and F3 respectively. The F2 patch showed the highest folding endurance 

(> 192), indicating superior flexibility and resistance to breaking during handling and application. This confirms 

that F2 possessed the best mechanical properties among all the prepared formulations.³⁰ 

 

CONCLUSION: 
The present study concluded that all three formulated herbal foot patches (F1, F2, and F3) showed satisfactory 

physicochemical and mechanical properties suitable for transdermal application. Among all formulations, F2 was 

found to be the optimized formulation due to its uniform thickness, minimum weight variation, near-neutral 

surface pH, optimum moisture content, and highest folding endurance. These results indicate that the F2 patch 

possesses better stability, flexibility, skin compatibility, and mechanical strength compared to F1 and F3. 

Therefore, F2 can be considered the best formulation for the development of effective herbal foot patches for 

transdermal use. 
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