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Abstract: Polyherbal gels have emerged as a promising alternative in modern medicine due to their 

enhanced therapeutic potential, synergistic effects, and improved patient compliance. These formulations 

integrate multiple bioactive herbal extracts into a gel matrix, offering benefits such as antioxidant, anti-

inflammatory, antimicrobial, and wound-healing properties. The evaluation and characterization of 

polyherbal gels are crucial for ensuring their efficacy, stability, and safety. Physicochemical assessments, 

including pH, viscosity, spreadability, and extrudability, determine the gel’s consistency and user 

acceptability. In vitro studies, such as drug release, diffusion, and permeability analyses, provide insights 

into the formulation’s bioavailability. Microbiological testing ensures the antimicrobial effectiveness of 

polyherbal gels against pathogenic microorganisms, enhancing their role in dermatological and wound 

care applications. In vivo studies utilizing animal models assess therapeutic efficacy, skin irritation, and 

safety before human applications. Stability studies, including accelerated and long-term assessments, help 

in determining the shelf-life and degradation patterns of the formulation. Advances in formulation science, 

including the use of nanotechnology and bio-enhancers, further optimize the delivery of herbal constituents, 

making polyherbal gels a viable option for modern therapeutic and cosmetic applications. Their 

multifunctionality, coupled with natural bioactive compounds, positions them as a bridge between 

traditional herbal medicine and contemporary pharmaceutical innovations. 
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I. INTRODUCTION 

Overview of Herbal Medicine and Its Traditional Use in Topical Applications 

Herbal medicine has been a cornerstone of traditional healthcare systems across diverse civilizations, including 

Ayurveda, Traditional Chinese Medicine (TCM), Unani, and Native American healing practices. These systems rely on 

plant-based formulations to treat various ailments, including skin disorders, wounds, infections, and inflammatory 

conditions. The use of medicinal plants in topical applications has been well-documented for centuries, with 

formulations prepared in the form of pastes, poultices, ointments, decoctions, and infused oils. This traditional approach 

capitalizes on the natural bioactive compounds present in plants, which exhibit antimicrobial, anti-inflammatory, 

antioxidant, analgesic, and wound-healing properties. 

Various plant-based ingredients have been historically utilized for their skin-healing properties. For instance, Aloe vera 

is widely used for its soothing, moisturizing, and wound-healing effects due to its high content of polysaccharides, 

glycoproteins, and antioxidants. Turmeric (Curcuma longa), containing curcumin as its primary active compound, is 

known for its potent anti-inflammatory, antimicrobial, and skin-brightening properties. Neem (Azadirachtaindica) is 

another extensively used herb with antibacterial, antifungal, and skin-repairing effects, making it highly beneficial for 

conditions like acne, eczema, and psoriasis. Similarly, Calendula (Calendula officinalis) has been traditionally 

employed for wound healing and skin regeneration due to its flavonoid and triterpenoid content. Other herbal 

ingredients such as Tea Tree Oil (Melaleuca alternifolia), Chamomile (Matricariachamomilla), Licorice 
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(Glycyrrhizaglabra), and Sandalwood (Santalum album) have also been incorporated into traditional skin remedies for 

their therapeutic benefits. 

One of the primary advantages of traditional topical herbal applications is their localized effect, allowing active 

compounds to act directly on the affected site, thereby reducing systemic side effects and enhancing therapeutic action. 

Unlike oral medications, which must undergo digestion and metabolism before reaching target tissues, topical 

applications offer a direct and efficient route of administration, particularly for skin-related conditions. However, 

despite their efficacy, traditional herbal formulations often suffer from several drawbacks, including poor stability, 

inconsistent bioavailability, low permeability through the skin barrier, and variable dosing. Additionally, crude plant 

extracts may degrade quickly, limiting their long-term effectiveness and shelf life. 

With the advancement of pharmaceutical and formulation sciences, modern drug delivery systems such as polyherbal 

gels have been developed to enhance the efficacy, stability, and skin penetration of herbal bioactives. These innovative 

formulations utilize advanced gel-based carriers that not only improve the spreadability, absorption, and controlled 

release of herbal components but also enhance patient compliance due to their non-greasy, lightweight, and easy-to-

apply nature. Polyherbal gels combine the benefits of multiple herbs into a single formulation, leveraging the 

synergistic effects of bioactive compounds to provide a broad spectrum of therapeutic activities, such as antimicrobial, 

anti-inflammatory, wound-healing, and antioxidant effects. 

The integration of nanotechnology, hydrogel systems, and emulsified gel formulations has further revolutionized the 

field of herbal medicine by improving drug delivery efficiency and ensuring the sustained release of active 

phytochemicals. By addressing the limitations of traditional topical herbal applications, polyherbal gels represent a 

promising bridge between ancient wisdom and modern pharmaceutical advancements, offering safer, more effective, 

and scientifically validated alternatives for treating various dermatological and inflammatory conditions. 

 

Significance of Polyherbal Formulations in Enhancing Therapeutic Efficacy 

Polyherbal formulations have gained significant attention in modern pharmaceutical and cosmetic industries due to their 

enhanced therapeutic efficacy compared to single-herb preparations. These formulations leverage the synergistic effects 

of multiple plant extracts, allowing for a broader spectrum of pharmacological activities, increased bioavailability, and 

improved stability. Traditional medicinal systems like Ayurveda and Unani have long emphasized the concept of 

polyherbalism, where multiple herbs are combined to enhance their efficacy, reduce toxicity, and provide holistic 

healing. The incorporation of diverse bioactive compounds from different plant sources enables polyherbal 

formulations to target multiple pathways simultaneously, making them more effective for treating complex diseases and 

skin conditions. 

One of the key advantages of polyherbal formulations is synergism, where the combined effect of multiple herbs is 

greater than the sum of their individual effects. For example, Neem (Azadirachtaindica) and Aloe vera, when combined 

in a gel formulation, offer superior antimicrobial, anti-inflammatory, and wound-healing properties due to their 

complementary mechanisms of action. Similarly, the combination of Turmeric (Curcuma longa) and Ginger 

(Zingiberofficinale) in a topical gel enhances anti-inflammatory and antioxidant activity, making it effective for 

conditions such as arthritis, muscle pain, and skin inflammation. By integrating multiple active phytochemicals, 

polyherbal gels can improve drug penetration, prolong retention time, and provide a more balanced therapeutic action. 

Another crucial benefit of polyherbal formulations is their ability to reduce side effects and toxicity. Certain herbal 

compounds, when used in isolation, may cause irritation, hypersensitivity, or other adverse reactions. However, in 

polyherbal formulations, secondary herbal constituents often act as natural stabilizers, buffers, or enhancers, mitigating 

potential side effects while ensuring greater skin compatibility and safety. For instance, while Tea Tree Oil (Melaleuca 

alternifolia) is highly effective against bacterial and fungal infections, its strong potency can sometimes cause skin 

irritation. When combined with Aloe vera or Coconut oil, the formulation becomes milder and more tolerable without 

compromising efficacy. 

Additionally, polyherbal formulations exhibit enhanced bioavailability and improved pharmacokinetics. Many herbal 

extracts suffer from poor solubility, low permeability, or rapid degradation, limiting their therapeutic potential. In 

polyherbal gels, lipophilic (oil-soluble) and hydrophilic (water-soluble) components can be incorporated together, 
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allowing better skin absorption and controlled release. The inclusion of penetration enhancers, emulsifiers, or nano-

based carriers further aids in delivering bioactive compounds deep into the skin layers, maximizing their therapeutic 

effect. 

The stability and shelf life of herbal products also improve significantly in polyherbal formulations. The presence of 

antioxidants, flavonoids, and phenolic compounds from multiple plant sources can act as natural preservatives, 

preventing the degradation of active constituents over time. This is particularly important in gel-based formulations, 

where maintaining pH, viscosity, and microbial resistance is essential for prolonged storage and efficacy. 

Furthermore, polyherbal formulations allow for multifunctional benefits, making them highly versatile in treating a 

wide range of conditions. A single polyherbal gel can exhibit antimicrobial, anti-inflammatory, analgesic, antioxidant, 

and skin-nourishing properties, making it suitable for diverse applications, including wound healing, acne treatment, 

eczema, psoriasis, muscle pain relief, and skin rejuvenation. The combination of herbs also ensures a holistic approach 

to healing, addressing not just the symptoms but also the underlying causes of skin and inflammatory disorders. 

In conclusion, polyherbal formulations significantly enhance therapeutic efficacy by offering synergistic effects, 

improved bioavailability, reduced side effects, enhanced stability, and multifunctional benefits. The development of 

advanced polyherbal gels represents a modern evolution of traditional herbal medicine, providing scientifically 

validated, safe, and effective treatment options for various skin and healthcare applications. 

 

Introduction to Polyherbal Gels as a Modern Advancement in Herbal Medicine 

The evolution of herbal medicine has led to the development of innovative formulations that enhance the therapeutic 

potential of plant-based bioactives. Among these advancements, polyherbal gels have emerged as a promising drug 

delivery system, offering superior efficacy, stability, and patient compliance compared to traditional herbal 

formulations. By combining multiple medicinal plant extracts into a single gel-based carrier, polyherbal gels provide 

enhanced absorption, prolonged retention, and targeted delivery, making them an effective alternative for treating 

various dermatological, musculoskeletal, and inflammatory conditions. 

Traditional herbal applications, such as pastes, decoctions, and oils, have long been used for wound healing, pain relief, 

and skin disorders. However, these conventional formulations suffer from inconsistencies in drug release, poor 

bioavailability, rapid degradation, and low patient acceptability due to their greasy or unstable nature. The transition 

from crude plant-based preparations to polyherbal gels has addressed these limitations, ensuring controlled drug release, 

better skin penetration, and improved therapeutic outcomes. Gels offer an aesthetic, non-greasy, and easy-to-apply 

formulation that enhances patient compliance while delivering a high concentration of active phytochemicals directly to 

the affected site. 

One of the most significant advantages of polyherbal gels is their ability to harness the synergistic effects of multiple 

herbal ingredients. Unlike single-herb formulations, which may have limited efficacy, polyherbal gels combine 

complementary phytochemicals that work through multiple mechanisms of action. For example, a polyherbal gel 

containing Neem (Azadirachtaindica), Turmeric (Curcuma longa), and Aloe vera can offer antimicrobial, anti-

inflammatory, antioxidant, and wound-healing effects simultaneously, making it ideal for skin infections, burns, and 

ulcers. Similarly, a gel formulation incorporating Menthol, Eucalyptus oil, and Camphor provides analgesic and anti-

inflammatory properties, making it beneficial for conditions like arthritis, muscle pain, and joint stiffness. 

Another critical aspect of polyherbal gels is their enhanced bioavailability and drug penetration. Many herbal bioactives 

suffer from poor solubility and permeability, limiting their therapeutic potential. However, the incorporation of gelling 

agents, emulsifiers, and penetration enhancers in polyherbal gels facilitates deeper skin absorption and sustained drug 

release, ensuring longer-lasting effects compared to conventional herbal pastes or creams. Additionally, the use of 

advanced nanoemulsion or hydrogel-based carriers further improves the stability and delivery of herbal actives, 

enabling efficient transdermal absorption and targeted therapy. 

Moreover, polyherbal gels provide a safe and non-toxic alternative to synthetic topical formulations, reducing the risks 

associated with steroid-based creams, synthetic analgesics, and chemical-laden skincare products. Due to their 

biocompatibility and minimal side effects, polyherbal gels are increasingly being explored for chronic skin conditions 

such as eczema, psoriasis, acne, and hyperpigmentation, as well as for pain management and anti-aging applications. 
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The growing interest in herbal-based pharmaceuticals and cosmeceuticals has further fueled research into polyherbal 

gel formulations. With ongoing advancements in nanotechnology, biopolymer-based delivery systems, and herbal 

pharmacology, polyherbal gels are evolving into next-generation herbal therapeutics that bridge the gap between 

traditional knowledge and modern scientific validation. Future innovations in herbal gel technology, including 

sustained-release systems, bioadhesive gels, and herbal-loaded nanoparticles, will continue to expand the scope of 

polyherbal gels in both medical and cosmetic applications. 

In conclusion, polyherbal gels represent a significant modern advancement in herbal medicine, offering enhanced 

therapeutic efficacy, improved stability, superior patient compliance, and multifunctional benefits. As scientific 

research continues to validate their potential, polyherbal gels are poised to become a mainstream alternative in 

dermatology, pain management, and natural healthcare solutions, reinforcing the relevance of herbal medicine in the 

21st century. 

 

Scope and Objective of the Review 

The increasing interest in herbal medicine and natural therapeutics has led to the development of polyherbal gels, which 

combine multiple plant-based bioactives into a single gel formulation for enhanced therapeutic benefits. These 

formulations have gained significant attention in dermatology, pain management, wound healing, and cosmeceuticals 

due to their non-greasy texture, improved bioavailability, controlled drug release, and patient-friendly application. 

However, despite their growing popularity, there is a need for a comprehensive understanding of their formulation 

strategies, pharmacological mechanisms, stability, and clinical effectiveness. This review aims to provide a detailed 

exploration of polyherbal gels, focusing on their development, therapeutic applications, and future research prospects. 

The scope of this review includes: 

 Historical and scientific background of polyherbal formulations and their transition from traditional pastes and 

ointments to advanced gel-based systems. 

 Formulation aspects, including the selection of herbal ingredients, gelling agents, and excipients that enhance 

drug penetration, stability, and efficacy. 

 Mechanisms of action, explaining how polyherbal gels exert their anti-inflammatory, antimicrobial, 

antioxidant, wound-healing, and analgesic effects at the cellular and molecular levels. 

 Pharmaceutical evaluations, including physicochemical characterization, in vitro drug release studies, stability 

testing, and in vivo efficacy trials to assess the reliability and effectiveness of these formulations. 

 Therapeutic applications in treating skin infections, chronic wounds, muscle and joint pain, inflammatory 

disorders, and cosmetic skin concerns. 

 Challenges and limitations, including standardization issues, regulatory hurdles, and stability concerns, which 

must be addressed for widespread adoption in modern medicine. 

 Future directions in research, including the integration of nanotechnology, bioadhesive hydrogels, and novel 

drug delivery approaches for optimizing the effectiveness of polyherbal gels. 

The primary objective of this review is to critically analyze the advancements in polyherbal gel technology and 

highlight their role as a modern alternative to synthetic pharmaceutical and cosmetic products. By compiling the latest 

scientific data on formulation techniques, pharmacodynamics, safety profiles, and clinical applications, this review aims 

to bridge the gap between traditional herbal knowledge and contemporary pharmaceutical innovations. Additionally, it 

seeks to identify unresolved challenges and potential areas for future research, encouraging further exploration into 

standardization, large-scale production, and regulatory compliance of polyherbal gels in the healthcare industry. 

Through this review, researchers, formulators, and healthcare professionals will gain insights into the potential of 

polyherbal gels as a safe, effective, and sustainable therapeutic option, paving the way for their integration into 

mainstream medicine and dermatological treatments. 
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II. FUNDAMENTALS OF POLYHERBAL GELS 

Definition and Concept of Polyherbal Gel Formulations 

Polyherbal gels are semi-solid formulations that incorporate extracts from multiple medicinal plants into a gel base, 

designed for topical or transdermal application. These formulations utilize natural bioactive compounds from 

different herbs, which work synergistically to provide enhanced therapeutic benefits compared to single-herb 

formulations. The gel matrix serves as a carrier that facilitates the controlled and sustained release of active 

constituents, ensuring better absorption, longer retention, and targeted delivery. 

Polyherbal gels typically consist of: 

 Active herbal ingredients (e.g., Aloe vera, Neem, Turmeric, Sandalwood) that provide pharmacological 

effects. 

 Gelling agents (e.g., Carbopol, Hydroxypropyl methylcellulose [HPMC], Xanthan gum) to maintain 

consistency and spreadability. 

 Penetration enhancers (e.g., Propylene glycol, Essential oils) that improve skin permeability. 

 Stabilizers and preservatives (e.g., Methylparaben, Natural antioxidants) that enhance shelf-life. 

These gels offer an effective and user-friendly alternative to conventional herbal pastes, creams, and ointments, 

overcoming limitations such as poor absorption, greasy texture, and rapid degradation of active herbal components. 

 

Key Advantages Over Conventional Single-Herb Formulations 

1. Synergistic Therapeutic Effects 

o Polyherbal gels combine multiple bioactive compounds, leading to enhanced efficacy compared to 

single-herb formulations. For example, a gel containing Neem (Azadirachtaindica), Turmeric 

(Curcuma longa), and Aloe vera provides antimicrobial, anti-inflammatory, and wound-healing 

benefits simultaneously. 

2. Broad-Spectrum Activity 

o Unlike single-herb preparations that may target only one specific condition, polyherbal gels exhibit 

multiple pharmacological actions such as anti-inflammatory, antimicrobial, antioxidant, wound-

healing, and analgesic properties. 

3. Improved Drug Penetration and Absorption 

o The gel base and penetration enhancers facilitate deeper absorption of active compounds into the 

skin layers, making polyherbal gels more effective for chronic skin conditions, infections, and 

musculoskeletal pain relief. 

4. Prolonged Retention and Controlled Release 

o Gel-based formulations adhere to the skin for longer durations, allowing sustained release of 

bioactives, unlike traditional herbal pastes that require frequent reapplication. 

5. Non-Greasy and Aesthetic Appeal 

o Unlike herbal ointments or oils, polyherbal gels are non-greasy, lightweight, and easily absorbed, 

making them more convenient for modern consumers in pharmaceutical and cosmeceutical 

applications. 

6. Enhanced Stability and Shelf Life 

o The gel matrix protects active herbal ingredients from degradation due to environmental factors 

such as light, oxygen, and microbial contamination, ensuring longer shelf life and consistent 

potency. 

7. Reduced Side Effects and Toxicity 

o By incorporating multiple herbs in optimized ratios, polyherbal gels can reduce the toxicity of 

individual ingredients and minimize adverse reactions, making them safer for long-term use. 
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Mechanism of Action: How Polyherbal Gels Enhance Bioavailability and Therapeutic Effects 

Polyherbal gels function through multiple mechanisms, ensuring effective drug delivery and therapeutic benefits: 

1. Synergistic Phytochemical Action 

o Different herbal components work through complementary and reinforcing mechanisms. 

o Example: Turmeric (Curcuma longa) inhibits inflammatory pathways, while Neem 

(Azadirachtaindica) provides antimicrobial protection, enhancing overall healing. 

2. Enhanced Skin Penetration and Permeability 

o The hydrophilic and lipophilic balance in gel formulations allows better absorption of bioactives 

across the epidermis and dermis. 

o Penetration enhancers (e.g., Propylene glycol, Essential oils) further aid in delivering active 

compounds to deeper layers of the skin. 

3. Controlled and Sustained Release 

o The gel network structure ensures gradual release of herbal actives, leading to prolonged 

therapeutic action. 

o This is especially beneficial for chronic skin conditions, pain relief, and wound healing. 

4. Moisturization and Skin Barrier Protection 

o Many polyherbal gels contain natural emollients and humectants (e.g., Aloe vera, Glycerin), which 

hydrate the skin, restore the skin barrier, and prevent moisture loss, further supporting healing 

and repair. 

5. Antioxidant and Anti-Inflammatory Pathways 

o Herbal components rich in flavonoids, polyphenols, and alkaloids help neutralize oxidative stress, 

reducing skin aging, inflammation, and cellular damage. 

o Example: Green Tea (Camellia sinensis) and Sandalwood (Santalum album) are potent 

antioxidants that protect against UV-induced skin damage. 

6. Antimicrobial and Wound-Healing Mechanisms 

o Many herbal ingredients possess antibacterial, antifungal, and antiviral properties, helping to 

prevent infections and promote tissue regeneration. 

o Example: Tea Tree Oil (Melaleuca alternifolia) disrupts bacterial cell membranes, while Aloe 

vera accelerates collagen synthesis, aiding in faster wound healing. 

Polyherbal gels represent a scientific advancement in herbal medicine, providing synergistic, multi-functional, and 

user-friendly therapeutic solutions. Their enhanced stability, controlled drug release, deeper penetration, and 

improved bioavailability make them superior to conventional single-herb formulations. As research in 

phytochemistry, nanotechnology, and herbal pharmacology continues to evolve, polyherbal gels are expected to 

play a crucial role in modern medicine, dermatology, and cosmeceutical industries. 

 

III. FORMULATION ASPECTS OF MULTIPURPOSE POLYHERBAL GELS 

Selection of Herbal Ingredients Based on Synergistic Action 

The effectiveness of a polyherbal gel depends largely on the synergistic action of its herbal components. Synergism 

refers to the enhanced therapeutic effect achieved when multiple herbal extracts are combined, as opposed to using 

them individually. The selection of herbs is based on their complementary pharmacological properties, ensuring that the 

final formulation provides broad-spectrum activity, enhanced bioavailability, and a balanced therapeutic profile. 

Key Considerations for Selecting Herbal Ingredients: 

 Therapeutic synergy: The selected herbs should enhance each other’s efficacy while minimizing side effects. 

 Bioavailability: Herbs with poor solubility or penetration should be combined with ingredients that improve 

absorption. 

 Stability and compatibility: The combination should be chemically and physically stable in a gel matrix. 
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Examples of Synergistic Herbal Combinations in Polyherbal Gels: 

Herbal Ingredients Primary Action Synergistic Benefit 

Neem (Azadirachtaindica) + Turmeric 

(Curcuma longa) 

Antimicrobial, anti-

inflammatory 

Effective for acne, 

wound healing, and 

fungal infections 

Aloe vera + Sandalwood (Santalum album) + 

Green Tea (Camellia sinensis) 

Antioxidant, anti-aging, skin 

hydration 

Ideal for cosmeceutical 

applications 

Eucalyptus oil + Menthol + Camphor Analgesic, anti-inflammatory, 

muscle relaxant 

Used for pain relief gels 

(arthritis, joint pain) 

Tea Tree Oil + Licorice (Glycyrrhizaglabra) 

+ Clove (Syzygiumaromaticum) 

Antibacterial, antifungal, skin-

soothing 

Suitable for treating skin 

infections and irritations 

 

Types of Gel-Forming Agents (Carbopol, HPMC, Xanthan Gum, etc.) 

Gel-forming agents are crucial in polyherbal gel formulations as they provide viscosity, texture, and stability to the 

formulation. The choice of the gelling agent affects the spreadability, drug release profile, and adherence to the 

skin. 

 

Commonly Used Gel-Forming Agents: 

Gelling Agent Properties Advantages Application in Polyherbal 

Gels 

Carbopol 934 Synthetic polymer Excellent viscosity control, 

transparent gel, good spreadability 

Widely used in 

pharmaceutical and cosmetic 

gels 

Hydroxypropyl 

Methylcellulose 

(HPMC) 

Natural polymer Biocompatible, non-irritating, 

enhances drug retention 

Used for controlled-release 

herbal gels 

Xanthan Gum Natural 

polysaccharide 

Bioadhesive, stable over pH range, 

enhances hydration 

Suitable for skin-hydrating 

gels 

Guar Gum Natural 

polysaccharide 

High water absorption, viscosity 

enhancer 

Used in herbal wound-

healing gels 

Sodium Alginate Biopolymer Biodegradable, forms a flexible gel 

film 

Ideal for transdermal herbal 

gels 

The selection of a gelling agent depends on the intended application of the gel, its rheological properties, and the 

required drug release profile. 

Role of Excipients: Penetration Enhancers, Stabilizers, Preservatives 

In addition to active herbal ingredients, polyherbal gels contain excipients that improve stability, skin penetration, 

and shelf-life. These excipients play a vital role in ensuring optimal drug delivery and formulation consistency. 

1. Penetration Enhancers 

Penetration enhancers help increase the permeability of herbal bioactives through the skin, allowing for deeper and 

faster absorption. 

Penetration Enhancer Mechanism of Action Example Gel Application 

Propylene Glycol Increases solubility and disrupts the 

skin barrier 

Used in anti-inflammatory and 

pain relief gels 

Essential Oils (Eucalyptus, 

Peppermint, Clove Oil) 

Improve lipid solubility and enhance 

skin penetration 

Antimicrobial and analgesic gels 

Dimethyl Sulfoxide (DMSO) Breaks down skin lipids to allow 

deeper penetration 

Used in transdermal herbal gels 
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Ethanol Acts as a solvent and penetration 

enhancer 

Common in cooling and soothing 

gels 

 

2. Stabilizers 

Stabilizers ensure the uniformity and physical integrity of the polyherbal gel throughout its shelf life. 

Stabilizer Function 

Glycerin Prevents drying out and maintains gel consistency 

PEG (Polyethylene Glycol) Controls viscosity and improves texture 

Hydrocolloids (Xanthan Gum, Guar Gum) Prevents phase separation 

 

3. Preservatives 

Since herbal gels contain water-based ingredients, they are prone to microbial contamination. Preservatives help 

extend shelf life and maintain microbial safety. 

Preservative Function 

Methylparaben, Propylparaben Prevents bacterial and fungal growth 

Sodium Benzoate Inhibits microbial contamination 

Natural Antioxidants (Vitamin E, Ascorbic Acid, Tocopherol) Protects bioactives from oxidation 

Optimization of Formulation Parameters (pH, Viscosity, Spreadability, Drug Release) 

The effectiveness of a polyherbal gel is influenced by several physicochemical properties, which must be optimized 

during formulation development. 

1. pH Optimization 

 The pH of the gel should match the natural pH of the skin (4.5–6.5) to prevent irritation and enhance 

absorption. 

 Natural buffers like citric acid and sodium citrate can be used to maintain pH stability. 

2. Viscosity Control 

 Viscosity affects gel consistency, application ease, and drug release. 

 Optimized using Carbopol, HPMC, or natural gums for a smooth, spreadable texture. 

3. Spreadability 

 Good spreadability ensures uniform application and effective skin penetration. 

 Measured using a texture analyzer and optimized by adjusting the gel base composition. 

4. Drug Release Profile 

 Controlled drug release is essential for sustained therapeutic effects. 

 Evaluated through in vitro diffusion studies using Franz diffusion cells. 

 Hydrophilic and lipophilic balance should be optimized for maximum absorption. 

Formulating an effective polyherbal gel requires careful selection of herbal ingredients, gelling agents, and 

excipients to ensure optimal stability, absorption, and therapeutic efficacy. The synergistic combination of herbal 

bioactives, along with the use of penetration enhancers, stabilizers, and preservatives, plays a crucial role in 

enhancing the effectiveness and shelf life of these formulations. Optimization of pH, viscosity, spreadability, and 

drug release ensures a high-performance polyherbal gel suitable for dermatological, analgesic, and cosmeceutical 

applications. As research advances, the incorporation of nanotechnology and novel hydrogel systems will further 

enhance the efficacy and commercial viability of polyherbal gels in modern medicine. 

Mechanisms of Action of Polyherbal Gels 

1. Phytochemical Synergy: How Multiple Herbal Components Enhance Activity 

Polyherbal gels capitalize on the principle of synergy, where multiple plant-derived compounds work together to 

enhance therapeutic efficacy beyond what a single herb could achieve alone. This synergy arises due to the diverse 

phytochemicals present in different herbs, each exerting a unique biological effect that complements or reinforces the 

actions of others. 
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For example, curcumin from turmeric (Curcuma longa) possesses potent anti-inflammatory properties, while quercetin 

from onion or green tea acts as a strong antioxidant. When these two are combined in a polyherbal gel, quercetin 

stabilizes curcumin and enhances its bioavailability, resulting in improved anti-inflammatory effects. Similarly, tannins 

from green tea and flavonoids from aloe vera (Aloe barbadensis) work together to promote skin repair and hydration. 

The synergy between phytochemicals can also mitigate side effects. Some herbs contain compounds that counteract 

irritation or hypersensitivity caused by others. For instance, the cooling and soothing effects of menthol in peppermint 

(Menthapiperita) can balance the potential irritation of clove oil (Syzygiumaromaticum), making the formulation more 

skin-friendly. 

Additionally, the combination of herbal extracts can enhance antimicrobial efficacy. Neem (Azadirachtaindica) contains 

azadirachtin, which disrupts bacterial cell walls, while tea tree oil (Melaleuca alternifolia) further prevents microbial 

adhesion, making the gel more effective against infections. The combination of these herbal components ensures a 

comprehensive therapeutic approach with improved efficacy and safety. 

 

2. Antioxidant Mechanisms: Neutralization of Free Radicals 

Polyherbal gels often contain extracts rich in antioxidants, which play a crucial role in protecting the skin from 

oxidative stress caused by free radicals. Free radicals are unstable molecules generated due to environmental factors 

such as UV radiation, pollution, and toxins. If left unchecked, they can damage skin cells, accelerate aging, and impair 

wound healing. 

The antioxidants in polyherbal gels, such as flavonoids, polyphenols, and vitamins, neutralize these harmful radicals by 

donating electrons without becoming unstable themselves. This prevents cellular damage and inflammation. For 

example, vitamin C from amla (Emblicaofficinalis) and vitamin E from almond oil (Prunus dulcis) work together to 

stabilize free radicals, reducing oxidative damage and promoting collagen synthesis. 

Polyphenols in green tea and resveratrol from grapes (Vitisvinifera) also enhance skin defense mechanisms by 

activating the body's natural antioxidant enzymes such as superoxide dismutase (SOD) and glutathione peroxidase. 

These enzymes further help in detoxifying reactive oxygen species (ROS) and protecting skin cells from degeneration. 

Additionally, the antioxidant properties of herbal gels contribute to wound healing by preventing lipid peroxidation, 

reducing inflammation, and promoting tissue regeneration. This makes them highly effective in treating burns, cuts, and 

other skin injuries. 

 

3. Anti-inflammatory Pathways: Suppression of Pro-inflammatory Mediators 

Inflammation is the body's natural response to injury, infection, or irritants, but chronic inflammation can lead to 

conditions like eczema, psoriasis, acne, and delayed wound healing. Polyherbal gels help modulate inflammatory 

responses by inhibiting pro-inflammatory mediators and enhancing the activity of anti-inflammatory pathways. 

Herbal extracts such as turmeric (Curcuma longa), ginger (Zingiberofficinale), and frankincense (Boswelliaserrata) 

contain bioactive compounds that target key inflammatory pathways. Curcumin from turmeric suppresses nuclear 

factor-kappa B (NF-κB), a protein complex that regulates inflammatory responses. Boswellic acids from frankincense 

inhibit 5-lipoxygenase (5-LOX), an enzyme responsible for producing pro-inflammatory leukotrienes. 

Additionally, polyherbal gels can reduce the production of pro-inflammatory cytokines like tumor necrosis factor-alpha 

(TNF-α), interleukin-6 (IL-6), and interleukin-1 beta (IL-1β). By inhibiting these molecules, polyherbal formulations 

prevent excessive redness, swelling, and pain, making them useful for treating skin irritation and inflammatory 

conditions. 

The presence of soothing agents such as aloe vera and chamomile (Matricariachamomilla) further enhances the gel’s 

ability to calm inflamed skin, providing immediate relief from itching, burning, and discomfort. 

 

4. Antimicrobial Effects: Disrupting Bacterial and Fungal Cell Walls 

One of the key benefits of polyherbal gels is their broad-spectrum antimicrobial activity, which helps in treating skin 

infections, wounds, and acne. The antimicrobial action of these gels is attributed to the presence of bioactive 

compounds such as alkaloids, flavonoids, tannins, and essential oils. 
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Herbal components work through various mechanisms to eliminate pathogenic bacteria, fungi, and viruses: 

 Disrupting Cell Walls and Membranes: 

Tannins from tea tree (Melaleuca alternifolia) and neem (Azadirachtaindica) bind to bacterial and fungal cell 

walls, leading to increased permeability and leakage of essential cellular contents, ultimately killing the 

microorganisms. 

 Inhibiting Enzyme Activity: 

Eugenol from clove (Syzygiumaromaticum) and thymol from thyme (Thymus vulgaris) inhibit bacterial 

enzymes necessary for survival, preventing their growth and replication. 

 Preventing Biofilm Formation: 

Bacteria and fungi often form biofilms to protect themselves from antibiotics and host defenses. Polyherbal 

gels containing cinnamon (Cinnamomumzeylanicum) and garlic (Allium sativum) disrupt biofilm formation, 

making microorganisms more susceptible to treatment. 

 Modulating Host Immunity: 

Some herbal extracts, such as ginger (Zingiberofficinale) and licorice (Glycyrrhizaglabra), stimulate the 

immune system to enhance the body's natural defense mechanisms against infections. 

These antimicrobial properties make polyherbal gels highly effective in treating bacterial acne, fungal infections like 

ringworm, and wounds prone to secondary bacterial contamination. 

 

5. Skin Penetration and Absorption: Role of Gel Matrix in Enhancing Delivery 

The effectiveness of a polyherbal gel depends not only on the bioactivity of its ingredients but also on its ability to 

penetrate the skin and deliver these compounds to the targeted site. The gel matrix plays a crucial role in enhancing 

drug delivery, improving the solubility of herbal components, and ensuring sustained release for prolonged therapeutic 

action. 

Most polyherbal gels use hydrophilic polymers such as carbopol, xanthan gum, and chitosan, which form a stable gel 

network that retains herbal extracts while allowing controlled diffusion through the skin. The small molecular size of 

flavonoids, alkaloids, and essential oils facilitates their penetration into deeper skin layers. 

Additionally, natural penetration enhancers such as essential oils (e.g., peppermint, eucalyptus), ethanol, and 

glycerin help disrupt the stratum corneum, the outermost skin barrier, thereby increasing the bioavailability of active 

compounds. 

Some polyherbal formulations also employ nanoemulsions or liposomal carriers, which encapsulate bioactive 

compounds within lipid-based vesicles, enhancing their absorption and stability. This technique ensures that ingredients 

such as curcumin and resveratrol, which have poor water solubility, can effectively reach their target sites within the 

skin. 

By optimizing skin penetration and controlled release, polyherbal gels provide prolonged therapeutic effects, reducing 

the need for frequent application while maximizing benefits for wound healing, hydration, and antimicrobial action. 

Polyherbal gels offer a multifaceted approach to skin health by combining the synergistic benefits of multiple herbal 

components. Their antioxidant, anti-inflammatory, and antimicrobial properties make them suitable for treating a 

variety of dermatological conditions, while their enhanced skin penetration ensures optimal therapeutic outcomes. With 

continued research and formulation advancements, polyherbal gels have the potential to become a cornerstone in 

natural skincare and wound management. 

 

Evaluation and Characterization of Polyherbal Gels 

The evaluation and characterization of polyherbal gels are essential to ensure their safety, efficacy, and stability. A 

well-formulated polyherbal gel should possess desirable physicochemical properties, exhibit effective drug release, 

demonstrate antimicrobial activity, and maintain stability over time. The evaluation process involves various in vitro, in 

vivo, and stability studies that help in assessing the overall quality and therapeutic potential of the formulation. 
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1. Physicochemical Evaluations 

Physicochemical properties play a crucial role in determining the overall performance, stability, and patient 

acceptability of polyherbal gels. The key parameters evaluated include: 

pH Measurement 

The pH of a topical gel should be within the physiological range of the skin (4.5–6.5) to avoid irritation or disruption of 

the skin barrier. A pH meter is used to determine the pH of the gel formulation, ensuring that it is compatible with skin 

application. 

Viscosity 

Viscosity influences the spreadability, stability, and drug release profile of the gel. It is measured using a Brookfield 

viscometer or cone and plate viscometer to determine the gel's consistency. A balance between viscosity and ease of 

application is crucial—too high viscosity makes application difficult, while too low viscosity may cause leakage and 

inadequate drug retention. 

Spreadability 

Spreadability determines how easily the gel spreads on the skin surface, ensuring uniform application and absorption. It 

is measured using a spreadability apparatus, where a fixed amount of gel is placed between two glass plates and 

subjected to a specific weight. The diameter of the spread gel indicates its spreadability. A good formulation should 

spread effortlessly with minimal pressure. 

Extrudability 

Extrudability assesses the ease of gel removal from its container (tube or jar), which directly affects patient compliance. 

It is evaluated by measuring the amount of gel extruded from a collapsible tube under specific pressure. A high 

extrudability value indicates ease of dispensing, which enhances user convenience. 

2. In Vitro Studies 

In vitro studies help in assessing the drug release, diffusion, and permeability characteristics of polyherbal gels. These 

studies provide insight into how the active ingredients behave before conducting in vivo trials. 

Drug Release Studies 

The release of active phytoconstituents from the gel matrix is evaluated using Franz diffusion cells or dialysis 

membrane methods. The gel is placed in the donor compartment, while the receptor compartment contains a 

dissolution medium (buffer solution). Samples are collected at regular intervals and analyzed using UV-Visible 

spectrophotometry or HPLC to determine drug release kinetics. 

Diffusion Studies 

Diffusion studies assess how effectively the active components penetrate through a semi-permeable membrane. A 

diffusion cell setup (e.g., Franz diffusion cell) with synthetic membranes such as cellulose acetate or dialysis 

membranes is used. The concentration of diffused compounds is measured over time to evaluate the formulation’s 

ability to deliver the drug effectively. 

Permeability Studies 

Permeability studies are conducted using ex vivo skin models (such as porcine ear skin or human cadaver skin) to 

assess how well the active phytoconstituents penetrate the epidermal layers. HPLC, LC-MS, or UV 

spectrophotometry are used to quantify the extent of drug permeation, ensuring that the formulation can effectively 

deliver active components to the targeted site. 

3. Microbiological Testing 

Microbiological evaluation determines the antimicrobial efficacy of the polyherbal gel against various pathogens, 

ensuring that it can effectively combat bacterial and fungal infections. 

Antimicrobial Effectiveness Testing 

The agar well diffusion method or disc diffusion method is commonly used to evaluate the antibacterial and 

antifungal properties of the gel. The formulation is applied to agar plates inoculated with microbial strains such as: 

 Staphylococcus aureus (gram-positive bacteria) 

 Escherichia coli (gram-negative bacteria) 
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 Candida albicans (fungal pathogen) 

The zone of inhibition (diameter of microbial growth inhibition around the gel) is measured to assess its antimicrobial 

potency. 

Minimum Inhibitory Concentration (MIC) Studies 

The broth dilution method is used to determine the minimum inhibitory concentration (MIC)—the lowest 

concentration of the gel required to inhibit microbial growth. This helps in optimizing the formulation for maximum 

antimicrobial activity while minimizing unnecessary ingredient excess. 

 

4. In Vivo Studies 

In vivo studies are conducted in animal models to evaluate the therapeutic efficacy, skin compatibility, and safety of 

the polyherbal gel. These studies are essential before progressing to human trials. 

Efficacy Testing in Animal Models 

Different animal models are used to assess the wound-healing, anti-inflammatory, and skin-protective effects of 

polyherbal gels. 

 Wound Healing Models: 

o Excision Wound Model – A defined wound is created in animal skin (typically rats), and the 

polyherbal gel is applied to observe the rate of wound closure, re-epithelialization, and scar 

formation. 

o Incision Wound Model – A linear incision is made, and wound strength (measured by tensile strength) 

is analyzed. 

 Anti-Inflammatory Models: 

o Carrageenan-Induced Paw Edema Model – Inflammation is induced in rat paws using carrageenan, 

and the reduction in paw swelling after gel application is measured. 

o Histamine-Induced Skin Inflammation Model – The gel is applied to histamine-induced inflamed skin, 

and redness, swelling, and irritation are monitored. 

 Dermal Irritation and Sensitivity Tests: 

o Draize Skin Irritation Test – The gel is applied to a shaved area on rabbits, and erythema (redness) 

and edema (swelling) are monitored for potential skin irritation. 

The histopathological analysis of treated skin samples provides additional insights into tissue healing and cellular 

changes. 

 

5. Stability Studies 

Stability studies determine the shelf-life of polyherbal gels by assessing their physical, chemical, and microbiological 

stability over time under different storage conditions. 

Accelerated Stability Testing 

The gel is stored under accelerated conditions (40°C ± 2°C, 75% RH for 6 months) and analyzed periodically for 

changes in: 

 pH (to detect chemical degradation) 

 Viscosity (to check for consistency changes) 

 Color and Odor (to assess degradation or microbial contamination) 

 Drug Content (evaluated using UV spectrophotometry or HPLC) 

Long-Term Stability Testing 

Long-term stability testing is conducted at standard room conditions (25°C ± 2°C, 60% RH) for 12 to 24 months to 

determine how well the gel retains its properties over time. 

Microbial Contamination Testing 

Microbiological stability is tested by checking for fungal or bacterial growth over time. The total viable count 

(TVC) is determined to ensure that the gel remains free from contamination during its shelf life. 
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The comprehensive evaluation and characterization of polyherbal gels are essential for ensuring their safety, efficacy, 

and stability. Physicochemical parameters such as pH, viscosity, and spreadability determine product usability, while in 

vitro and in vivo studies assess drug release, antimicrobial effects, and therapeutic efficacy. Stability studies ensure the 

formulation remains effective over time. A well-characterized polyherbal gel with proven efficacy and stability is more 

likely to achieve successful commercialization and clinical acceptance. 

 

CONCLUSION 

Polyherbal gels represent a significant advancement in modern pharmaceutical formulations by combining the 

therapeutic benefits of multiple herbal extracts into a single, user-friendly delivery system. Their broad-spectrum 

applications in dermatology, wound healing, and inflammatory disorders make them a versatile alternative to 

conventional synthetic formulations. The comprehensive evaluation and characterization of polyherbal gels are 

essential to ensure their efficacy, stability, and patient safety.Physicochemical evaluations, including pH, viscosity, 

spreadability, and extrudability, determine the gel's consistency, ease of application, and user acceptability. In vitro 

studies, such as drug release, diffusion, and permeability tests, provide insights into the formulation’s bioavailability 

and effectiveness in delivering active phytoconstituents to target sites. Microbiological testing confirms the 

antimicrobial efficacy of polyherbal gels, ensuring their role in treating bacterial and fungal skin infections. In vivo 

studies, conducted on animal models, further validate their therapeutic benefits, assessing wound-healing properties, 

anti-inflammatory potential, and dermal safety. Stability studies play a crucial role in determining the shelf-life of these 

formulations, ensuring they maintain their integrity over time under different environmental conditions. 
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