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ABSTRACT
The development of polyherbal transdermal patches offers a novel approach to delivering therapeutic agents for managing fever (antipyretic)
and pain (analgesic). This study focuses on formulating and evaluating a polyherbal transdermal patch using natural plant extracts with
proven antipyretic and analgesic properties. Key ingredients include herbal extracts like Azadirachta indica (Neem), Curcuma longa
( Turmeric), and Zingiber officinale (Ginger), chosen for their synergistic pharmacological effects. The transdermal patch is designed to
ensure sustained release of active compounds through the skin, enhancing bioavailability and reducing gastrointestinal side effects
associated with oral administration.

The patches were prepared using a solvent casting method, employing biocompatible polymers such as hydroxypropyl methylcellulose
(HPMC) and ethyl cellulose for controlled drug release. The formulations were evaluated for physicochemical properties, including
thickness, weight uniformity, tensile strength, drug content, and in-vitro release profile. Ex-vivo skin permeation studies and in-vivo
antipyretic and analgesic efficacy were conducted to assess the therapeutic potential of the patches.

KEYWORDS:- Polyherbal Formulation, Transdermal Drug Delivery ,Antipyretic, Analgesic, Herbal Medicine ,Pain Relief
,Controlled Release

1. INTRODUCTION

The development of transdermal drug delivery systems has emerged as a promising alternative for administering therapeutic agents,
offering controlled and sustained release while bypassing first-pass metabolism. Polyherbal formulations, leveraging the synergistic
effects of multiple plant-based compounds, have gained significant attention due to their enhanced therapeutic potential and minimal
side effects. This study focuses on the design and evaluation of a polyherbal transdermal patch with dual antipyretic and analgesic
effects. The integration of multiple herbal extracts, each known for its fever-reducing and pain-relieving properties, aims to provide a
holistic and effective solution for managing symptoms associated with fever and pain. The polyherbal transdermal patch offers several
advantages, including improved patient compliance, ease of application, and sustained drug release, ensuring prolonged therapeutic
efficacy. This research explores the formulation, characterization, and pharmacological evaluation of the patch, highlighting its potential
as a novel alternative to conventional oral or injectable antipyretic and analgesic therapies. By combining traditional herbal knowledge
with advanced transdermal technology, the study seeks to bridge the gap between natural medicine and modern pharmaceutical
innovation, catering to the growing demand for effective, safe, and non-invasive treatment modalities.

2. GENERAL MECHANISM ACTION OF TRANSDERMAL PATCH

The general mechanism of action of a transdermal patch involves delivering drugs or active compounds through the skin and into the
systemic circulation or localized tissues. This method is non-invasive and ensures controlled, sustained release of medication. Here’s a
step-by-step overview of how transdermal patches work:
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2.1 Application to the Skin
e The patch is applied to clean, dry, and hairless skin, ensuring optimal contact between the adhesive layer of the patch and the skin
surface.

2.2 Drug Release from the Patch
e  The active compounds in the patch are stored in a reservoir or dispersed in a matrix system.
e Depending on the design of the patch, the drug is released either:
o Diffusion-controlled: Gradual release as the drug diffuses through the polymer layer.
o Membrane-controlled: A semipermeable membrane regulates the release rate of the drug.
o Matrix-controlled: The drug is embedded in a polymer matrix and released gradually as it migrates to the skin surface.

2.3 Penetration into the Skin
e The released drug interacts with the skin surface and penetrates the outermost layer, the stratum corneum.
e  Penetration is influenced by:

o Drug properties: Lipophilicity, molecular size, and solubility.

o Patch design: Inclusion of permeation enhancers (e.g., menthol, camphor).

o Skin condition: Hydration level, temperature, and barrier integrity.

2.4 Diffusion Through Skin Layers

e The drug diffuses through the epidermis and dermis, where blood capillaries are located.

e Inlocalized formulations (e.g., analgesic patches), the drug primarily acts on tissues near the site of application without
significant systemic absorption.

2.5 Absorption into Systemic Circulation
e  For systemic effects, the drug enters the capillary network in the dermis and is carried into the bloodstream.
e This allows the drug to bypass the first-pass metabolism in the liver, enhancing bioavailability compared to oral administration.

2.6 Sustained and Controlled Release
e The patch provides a continuous and controlled release of the drug over hours or days, maintaining steady plasma levels and
avoiding the peaks and troughs seen with oral or injectable routes.

Key Components of a Transdermal Patch

Backing Layer: Protects the patch from external environment and ensures structural integrity.
Drug Reservoir or Matrix: Contains the active ingredients and regulates their release.
Adhesive Layer: Ensures the patch adheres to the skin and may contain the drug.

Release Liner: Protects the adhesive layer before application and is removed during use.
Permeation Enhancers (optional): Facilitate drug penetration through the skin.

arwbdE

Advantages
e Non-invasive: Avoids needles or invasive procedures.

© 2024 EPRATJRD | Journal DOI: httpsy/doi.org/10.36713/epra2016 | httpsy/eprajournals.com/ |340 |



SJIF Impact Factor (2024): 8.675| ISI LF. Value: 1.241] Journal DOI: 10.36713/epra2016 ISSN: 2455-7838(0nline)
EPRA International Journal of Research and Development (IJRD)

Volume: 9 | Issue: 11 | November 2024 - Peer Reviewed Journal

e Sustained Drug Release: Reduces dosing frequency.
e Bypass First-Pass Metabolism: Enhances drug efficacy and reduces dosage.
e Patient Compliance: Convenient and easy to use.

Limitations

e  Skin Barrier: The stratum corneum limits the penetration of large or hydrophilic molecules.

e Irritation: Prolonged use may cause skin irritation or sensitivity.

e Limited Drugs: Only suitable for drugs with specific physicochemical properties (e.g., low molecular weight, lipophilicity).

3. CLASSIFICATION OF TRANSDERMAL PATCH

3.1 SINGLE-LAYER DRUG IN ADHESIVE PATCH

Single-layer transdermal patches are comprised of one layer: combined drug and adhesive. A single-layer patch is applied to the skin,
where it sticks and deploys the drug.

|| Baking

[®@| Drug-in-Adhesive

- Liner

] Fig. Single-Layer Drug In Adhesive Patch

3.2 MULTILAYER DRUG IN ADHESIVE PATCH

Multilayer transdermal patches are similar to the single-layer system in that adhesive layers release the drug, except BOTH adhesive
layers contain drugs. Typically, multilayer transdermal adhesives deploy solutions over a longer period of time because the width of
the layers determines how quickly the drug reaches the skin.

|:|Hﬁking

[®e| Drug-in-Adhesive
B Membrane

® & Drug-in-Adhesive

| Liner

Fig. Multilayer Drug In Adhesive Patch

3.3 RESERVOIR PATCH

Transdermal reservoirs are liquid layers containing the drugs which are gradually delivered to the skin through a rate-controlling
membrane. These reservoir patches allow for more controlled delivery rates, but the initial drug release can be a slight burst. In
addition, if the membrane is damaged, there is a risk of sudden release into the skin.
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3.4 MATRIX PATCH:

A transdermal matrix patch includes an adhesive polymer matrix containing the drug, which is gradually released into the skin. Unlike
the rate-controlling membrane in a reservoir patch, the formulation of its drug and polymer matrix dictates the rate of drug delivery.
The active ingredient is distributed evenly throughout the patch, so there is less risk of accidental release.

Matrix Controlled
Transdermal Patch System

Backing layer
(impermeable)

Adhesive containing
drug

\ Release liner

Fig. Matrix Patch

3.5 MICRONEEDLE PATCH

Microneedle patches are transdermal patches with microscopic needles that penetrate the epidermis deep enough to help drugs enter the
bloodstream. Despite the needles, they are painless and can deliver drugs more effectively for faster absorption. Needles are typically
preloaded with drug solutions, assembled separately, and then placed onto the adhesive patch. For example, Strouse creates adhesive
patches for medical devices like microneedles but doesn't manufacture the needles. Instead, manufacturers often use automated systems
to attach the preloaded needles to the patch.
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Fig. Microneedle Patch
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3.6 IONTOPHORESIS PATCH
lontophoresis patches are medical devices that use small electrical currents to deliver charged substances to the skin. This substance is

often applied directly to a designated spot on the patch before use and can consist of tap water for milder uses.
' (i) Humidity energy harvesting

- o
4 . el ek, = . ¥

Transdermal
iontophoretic patch

(ii) Moist-electric generation

Fig. lontophoresis Patch
4. POLYHRERBAL TRANSDERMAL PATCH
A polyherbal patch is a transdermal drug delivery system designed to deliver multiple herbal bioactive compounds through the skin into
the systemic circulation. It is formulated by incorporating extracts or active constituents of two or more medicinal plants into a suitable
adhesive matrix, allowing for controlled and sustained release of the therapeutic agents.

Polyherbal patches leverage the synergistic effects of various herbs to enhance therapeutic efficacy, providing benefits such as analgesic,
antipyretic, anti-inflammatory, or antimicrobial effects. These patches offer non-invasive administration, improved patient compliance,
and the avoidance of gastrointestinal side effects often associated with oral herbal formulations.

I—

PLANTS ACTING AS ANALGESIC AND ANTIPYRETIC IN EFFECT:
SR.NO. PLANTS
1 NEEM
2 GINGER
3 TURMERIC
4 BOSWELLIA SERRATA
5 EVENING PRIMROSE OIL
6 BLACKCURRANT SEED OIL
7 LICORICE
8 CAT’S CLAW
9 DEVIL’S CLAW
10 KARPURA
11 PEPPERMINT SATVA
12 CAPSACIN
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41 NEEM

Neem (Azadirachta indica), a well-known medicinal plant in traditional medicine systems, plays a vital role when incorporated into
polyherbal transdermal patches. Neem's pharmacological properties contribute significantly to the patch's overall therapeutic efficacy,
particularly in antipyretic and analgesic applications.

Fig, Neem

e Antipyretic Effect
Neem exhibits strong antipyretic properties, helping reduce fever. This effect is attributed to its ability to modulate inflammatory
mediators, such as prostaglandins, which play a role in fever pathogenesis.

e Analgesic Effect

Neem possesses analgesic properties that help alleviate pain. The active compounds, such as nimbidin and nimbolide, are known to
suppress pain signals by inhibiting inflammatory pathways, reducing the release of pain-inducing mediators like bradykinin and
prostaglandins.

4.2 GINGER:

Ginger (Zingiber officinale), a widely used medicinal herb, significantly enhances the therapeutic potential of polyherbal transdermal
patches, particularly in antipyretic and analgesic applications. Its bioactive constituents, such as gingerols, shogaols, and zingerone,
exhibit a range of pharmacological effects that make it a valuable component in these patches.

Fig. Ginger
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e Analgesic Effect
Ginger's potent analgesic properties are primarily due to its ability to inhibit pro-inflammatory mediators like prostaglandins and
leukotrienes. The suppression of cyclooxygenase (COX) and lipoxygenase (LOX) pathways helps alleviate pain, making it an effective
natural pain reliever.

e Antipyretic Effect
Ginger has shown effectiveness in reducing fever by modulating the production of inflammatory cytokines, such as interleukin-1 (IL-
1) and tumor necrosis factor-alpha (TNF-a), which are involved in fever induction.

43 TURMERIC

Turmeric (Curcuma longa) is a cornerstone of traditional medicine, valued for its extensive therapeutic properties. Its primary bioactive
compound, curcumin, is renowned for its anti-inflammatory, analgesic, and antipyretic effects, making it an essential ingredient in
polyherbal transdermal patches targeting fever and pain relief.

Fig. Turmeric
e Analgesic Effect
Curcumin exhibits significant analgesic properties by modulating pain pathways. It inhibits enzymes like cyclooxygenase-2 (COX-2)
and reduces the production of pain-inducing mediators, such as prostaglandins, providing natural pain relief.

e Antipyretic Effect
Turmeric helps reduce fever by suppressing the release of pro-inflammatory cytokines like interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-a), which play a key role in fever pathogenesis.

4.4 BOSWELLIA SERRATA

Boswellia serrata, commonly known as Indian frankincense, is a renowned medicinal plant used extensively for its potent anti-
inflammatory, analgesic, and antipyretic properties. Its active constituents, particularly boswellic acids, play a crucial role in enhancing
the therapeutic efficacy of polyherbal transdermal patches.

Fig. Boswellia Serrata
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e Analgesic Effect
Boswellic acids inhibit pain pathways by targeting enzymes like 5-lipoxygenase (5-LOX), which are involved in the synthesis of
leukotrienes, key mediators of pain and inflammation. This action effectively reduces pain associated with inflammatory conditions.

e Antipyretic Effect
Boswellia has been observed to reduce fever by modulating inflammatory cytokines such as tumor necrosis factor-alpha (TNF-a) and
interleukin-1 beta (IL-1p), which are associated with febrile responses.

45 EVENING PRIMROSE OIL

Evening primrose oil (Oenothera biennis), derived from the seeds of the evening primrose plant, is rich in essential fatty acids such as
gamma-linolenic acid (GLA) and linoleic acid. Its unique composition provides various therapeutic benefits, making it a valuable
component in polyherbal transdermal patches aimed at managing pain, inflammation, and fever.

Fig. Evening Primrose Oil

e Analgesic Effect

Evening primrose oil is effective in alleviating pain associated with inflammation and other conditions, thanks to its ability to modulate
nerve signaling and inflammatory mediators.
The oil's fatty acids contribute to reducing nerve sensitivity, providing natural pain relief.

e Antipyretic Effect
By regulating inflammatory pathways, evening primrose oil can indirectly assist in lowering fever, especially when inflammation is a
contributing factor.

4.6 BLACKCURRANT SEED OIL

Blackcurrant seed oil (Ribes nigrum) is a nutrient-rich oil containing essential fatty acids, primarily gamma-linolenic acid (GLA), alpha-
linolenic acid (ALA), and stearidonic acid (SDA). These bioactive components contribute to its potent anti-inflammatory, analgesic,
and skin-nourishing properties, making it a valuable ingredient in polyherbal transdermal patches designed for pain and fever
management.
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Fig. Blackcurrant Seed Oil

e Analgesic Effect

Blackcurrant seed oil reduces pain through its anti-inflammatory effects and by modulating neural pathways responsible for pain
perception.

GLA is a precursor to prostaglandin E1 (PGE1), which helps alleviate discomfort by reducing nerve hypersensitivity.

e Antipyretic Effect
By controlling the release of fever-inducing cytokines, blackcurrant seed oil indirectly assists in reducing fever, especially when
associated with inflammation.

4.7 LICORICE

Licorice (Glycyrrhiza glabra) is a versatile medicinal plant known for its powerful anti-inflammatory, analgesic, and antioxidant
properties. Its active compounds, such as glycyrrhizin, glabridin, and liquiritigenin, make it a valuable addition to polyherbal transdermal
patches for managing pain, fever, and inflammation.

Fig. Licorice
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e Analgesic Effect

Licorice possesses natural analgesic properties, which help alleviate pain by reducing inflammation and suppressing the release of pain-
inducing mediators such as prostaglandins and bradykinin.

Liquiritigenin is particularly effective in modulating pain signaling pathways.

e Antipyretic Effect

Licorice aids in reducing fever by modulating inflammatory mediators and supporting the body's natural ability to regulate
temperature.

Its soothing properties help in managing fever-related discomfort.

4.8 CAT’S CLAW

Cat’s Claw (Uncaria tomentosa), a medicinal plant native to the Amazon rainforest, is valued for its potent anti-inflammatory,
immunomodulatory, and analgesic properties. Its bioactive compounds, including oxindole alkaloids, quinovic acid glycosides, and
polyphenols, make it an effective component in polyherbal transdermal patches for managing pain, inflammation, and fever.

Fig. Cat’s Claw

e Analgesic Effect
The anti-inflammatory action of Cat’s Claw indirectly contributes to pain relief by reducing inflammation-associated pain.
Its alkaloids and glycosides help modulate pain signaling pathways, providing natural analgesic effects.

e Antipyretic Effect
Cat’s Claw assists in lowering fever by reducing inflammation and the release of pyrogenic (fever-inducing) cytokines.
Its immunomodulatory properties support the body's natural mechanisms for temperature regulation.

49 DEVIL’S CLAW

Devil’s Claw (Harpagophytum procumbens), a plant native to Southern Africa, is widely recognized for its potent anti-inflammatory
and analgesic properties. Its active constituents, particularly harpagoside and iridoid glycosides, make it an ideal component in
polyherbal transdermal patches designed for managing pain, inflammation, and fever.
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Fig. Devil’s Claw

e Analgesic Effect

Harpagoside, the primary active compound in Devil’s Claw, helps alleviate pain by inhibiting inflammatory pathways and reducing
the production of pain-inducing mediators such as prostaglandins.

Its ability to target musculoskeletal pain, particularly in conditions like arthritis and back pain, makes it effective for transdermal

applications.

e Antipyretic Effect:
By modulating inflammatory cytokines such as TNF-a and interleukins, Devil’s Claw indirectly assists in lowering fever, especially

when associated with inflammation.

4.10 KARPURA
Karpura (camphor) is a widely used compound in traditional and modern medicine. Its incorporation into polyherbal transdermal patches

can influence the formulation in several ways:

Fig. Karpura
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e Analgesic Effect
Camphor has natural anti-inflammatory and analgesic effects, making it valuable in patches designed for pain relief or treating localized
inflammation. It works by desensitizing sensory nerves and improving blood circulation.

4.11 PEPPERMINT SATVA

The analgesic and antipyretic effects of Peppermint Satva (Mentha piperita extract) make it a valuable component in polyherbal
transdermal patches designed for pain relief and fever management. Here's how these effects manifest and contribute to the efficacy of
the patch:

Fig. Peppermint Satva

e Analgesic Effect
Menthol, the primary bioactive component of peppermint satva, activates TRPM8 receptors in sensory neurons. These cold-sensitive
receptors produce a cooling sensation, which soothes pain and discomfort.

Menthol desensitizes nociceptors (pain receptors), reducing the perception of pain. This is particularly effective for:
e  Musculoskeletal pain (e.g., arthritis, backache).

e Neuropathic pain (e.g., neuralgia).

e Localized acute pain (e.g., sprains, strains).

Antipyretic Effect

Menthol exerts vasodilation by relaxing vascular smooth muscles, which helps in heat dissipation. This cooling action is beneficial in
reducing body temperature during fever.

The cooling effect on the skin promotes a subjective sense of temperature reduction, enhancing comfort for febrile patients.

4.12 CAPSACIN

Capsaicin, a bioactive compound derived from chili peppers (Capsicum species), is widely recognized for its analgesic and potential
antipyretic effects. When incorporated into a polyherbal transdermal patch, it can contribute significantly to pain relief and fever
management. Here's an in-depth look at its effects and role in such formulations:
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Fig. Capsacin

e Analgesic Effect

Desensitization of Pain Receptors: Capsaicin works by activating TRPV1 (transient receptor potential vanilloid 1) channels on
nociceptors (pain-sensing nerve fibers). This causes an initial burning or tingling sensation, followed by the depletion of substance P, a
neuropeptide involved in transmitting pain signals to the brain. The result is long-term desensitization and relief from pain.

Endorphin Release: Capsaicin can stimulate the release of endorphins, the body’s natural painkillers, enhancing its analgesic effects.

e Antipyretic Effect

Induction of Vasodilation: Capsaicin increases blood flow to the skin's surface, promoting heat dissipation and providing a cooling
effect, which may help alleviate fever symptoms.

Sweat Induction: It can stimulate sweat glands, aiding in temperature regulation.

5. GENERAL PROCEDURE OF FORMULATION OF POLYHERBAL TRANSDERMAL PATCH:
The formulation of a herbal transdermal patch involves careful selection of ingredients, preparation of the base, and incorporation of
herbal actives to ensure effective drug delivery. Below is the general procedure for the formulation:
5.1 Pre-Formulation Studies
e Selection of Herbal Extracts
o Choose herbal ingredients with desired therapeutic properties (e.g., analgesic, antipyretic).
o Ensure the extracts have the appropriate molecular weight, lipophilicity, and stability for transdermal delivery.
e Characterization:
o Evaluate solubility, stability, and compatibility of the herbal extracts with other components.
o ldentify the need for permeation enhancers (e.g., menthol, camphor) to improve skin penetration.

5.2 Selection of Polymers:
e  Select suitable polymers to form the patch matrix or reservoir, such as:
o Natural polymers: Gelatin, chitosan, alginate.
Synthetic polymers: Polyvinyl alcohol (PVA), ethyl cellulose, hydroxypropyl methylcellulose (HPMC).
Properties to consider:
Biocompatibility.
Controlled release characteristics.
Adhesiveness and flexibility.

5.3 Preparation of Polymer Matrix:
e Dissolve the polymer(s) in a suitable solvent (e.g., water, ethanol) or a mixture of solvents.
e Adjust the viscosity and consistency of the polymer solution for optimal patch formation.
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5.4 Incorporation of Herbal Extracts

e Add the herbal extracts or oils to the polymer solution under gentle stirring.
o  Ensure uniform dispersion of the active ingredients.

e  Use stabilizers or emulsifiers, if necessary, to enhance stability.

5.5 Addition of Plasticizers
e Add plasticizers (e.g., glycerin, polyethylene glycol) to improve flexibility, elasticity, and durability of the patch.
e The concentration of plasticizers should balance mechanical strength and adhesive properties.

5.6 Incorporation of Permeation Enhancers

e Add permeation enhancers (e.g., menthol, eucalyptus oil, camphor) to facilitate the penetration of active ingredients through the
skin.

o  Ensure compatibility with herbal extracts and other components.

5.7 Casting the Solution
e Pour the prepared solution onto a flat, leveled surface (e.g., glass plate or silicone mold).
e Spread the solution uniformly using a spreader or applicator to achieve a consistent thickness.

5.8 Drying
e Allow the film to dry under controlled conditions:

o Temperature: 40-60°C (to avoid degradation of herbal actives).

o Duration: 24-48 hours or until the solvent completely evaporates.
e Use an oven, hot air blower, or vacuum drying method.

5.9 Cutting and Sizing
e Cutthe dried film into patches of desired size and shape (e.g., square, rectangle, circular).
e  Ensure uniformity in thickness and active ingredient content across all patches.

5.10 Backing and Adhesive Layers
e Attach a backing layer (e.g., aluminum foil, polyester film) to protect the patch.
o Apply an adhesive layer if not already included in the polymer matrix. The adhesive should be biocompatible and non-irritating.

5.11 Evaluation of the Patch

Perform quality control tests to ensure efficacy and safety:

Physical Appearance: Check for uniformity, color, and smoothness.

Thickness Measurement: Ensure consistency across batches.

Drug Content Uniformity: Analyze the distribution of herbal actives.

Moisture Content: Determine stability under storage conditions.

Tensile Strength: Evaluate flexibility and mechanical strength.

Folding Endurance: Assess the patch's ability to withstand repeated folding without breaking.
Adhesion Test: Check the adhesive strength to ensure it adheres well to the skin.

In Vitro Drug Release: Evaluate the rate and extent of active ingredient release.

Skin Permeation Studies: Confirm the ability of the patch to deliver herbal actives through the skin.

CoNoOALNE

5.12 Packaging and Storage
e Pack the patches individually in airtight, moisture-resistant pouches.
e  Store under controlled conditions (temperature, humidity) to maintain stability.

CONCLUSION

Polyherbal transdermal patches acting as antipyretic and analgesic agents represent an innovative, non-invasive approach to managing
pain and fever. By combining the therapeutic properties of herbal extracts like capsaicin, peppermint satva, and karpura (camphor),
these patches offer synergistic effects that enhance their efficacy while minimizing side effects associated with systemic medications.
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The transdermal delivery system ensures controlled and sustained release of active compounds, providing prolonged therapeutic action
and maintaining steady plasma concentrations. Furthermore, bypassing the gastrointestinal tract avoids issues like first-pass metabolism,
making these patches a safe and efficient alternative. Their formulation, which includes permeation enhancers and biocompatible
polymers, allows effective penetration through the skin's barrier, targeting localized pain or systemic conditions like fever. Additionally,
the inclusion of natural cooling agents like menthol improves user comfort, compliance, and overall experience. With advancements in
technology and thorough evaluation of their safety, efficacy, and stability, polyherbal transdermal patches hold significant potential as
holistic, patient-friendly solutions in modern herbal medicine. Future research and development can further optimize these formulations,
ensuring their widespread adoption in clinical and over-the-counter applications.
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