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ABSTRACT: Hydrogel systems have been 

increasing attention as topical delivery platforms 

due to  their high-water affinity, tunable mechanical 

behaviour, and capacity to support a moist 

microenvironment conducive to skin repair. In 

parallel, plant-derived bioactive compounds—such 

as flavonoids, terpenoids, alkaloids and phenolics—

offer inherent anti-inflammatory, antimicrobial and 

regenerative functions that align well with skin 

therapy needs. This review synthesises current 

advances in integrating herbal phytochemicals into 

hydrogel matrices for topical applications, 

highlighting formulation strategies, polymer 

choices, cross-linking methods, and evaluation of 

physicochemical and biological performance. 

Evidence indicates that when loaded into 

biocompatible hydrogel networks, herbal extracts 

can enhance wound-closure, modulate oxidative 

stress, inhibit microbial colonization, and stimulate 

tissue regeneration. Still, challenges remain in 

standardising extract composition, optimising 

release kinetics, preserving mechanical integrity, 

and achieving reliable in vivo evidence. Emerging 

directions include smart stimuli-responsive hydrogel 

systems, nanocomposite hybrids, and sustainable 

green-fabrication methods. By consolidating recent 

findings, this review aims to guide future research 

toward clinically viable herbal-hydrogel 

formulations for dermatological therapy and wound 

care. 

KEYWORDS: Herbal hydrogels, Phytochemical-

loaded hydrogels, Topical drug delivery, Wound 

healing, Natural polymers, Antimicrobial hydrogels. 

 

I. INTRODUCTION 
The skin serves as the largest organ of the 

human body, acting not only as barrier against 

external threats but also playing vital roles in 

thermoregulation, fluid balance, sensory perception 

and immune defence [1]. Topical formulations—

such as creams, ointments and gels—are widely 

employed in dermatology and wound care; however, 

many conventional dosage forms suffer from 

limitations like poor adherence to irregular skin 

surfaces, inadequate moisture control, low bioactive 

penetration and the need for frequent re-application 

[2]. In recent years, hydrogel systems have emerged 

as promising alternatives for topical application. 

Hydrogels are defined as three-dimensional, 

hydrophilic polymeric networks capable of 

absorbing and retaining high amounts of water or 

biological fluids, enabling a moist 

microenvironment favourable for tissue repair, and 

allowing for controlled release of therapeutic agents 

[3]. Importantly, plant-derived phytochemicals—

such as flavonoids, alkaloids, terpenoids and 

phenolic compounds—are increasingly studied for 

their skin-relevant bioactivities: antioxidant, 

anti-inflammatory, antimicrobial, and 

wound‐healing capacities [4]. These natural 

compounds often display multiple mechanisms of 

action including modulation of oxidative stress, 

inhibition of microbial growth, stimulation of 

fibroblast proliferation and collagen deposition [5]. 

Combining such phytochemicals with hydrogel 

matrices creates a synergistic therapeutic platform: 

the hydrogel serves as a moist, protective scaffold 
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with controlled delivery properties, while the herbal 

constituent delivers biological activity tailored to 

skin repair and dermatological therapy [6]. Topical 

herbal-loaded hydrogels have been reported in 

myriad applications—such as wound healing, burn 

treatment, infection control and cosmetic 

dermatology. For instance, hydrogels incorporating 

herbal extracts have shown accelerated wound 

contraction, enhanced collagen deposition, reduced 

inflammatory cytokines, and improved mechanical 

strength of healing tissue in preclinical models [7]. 

In one study, a hydrogel using a botanical extract 

achieved significant wound closure within 21 days 

in rat excision models [8]. In another approach, an 

antioxidant-rich herbal hydrogel improved retention 

in skin tissues and reduced epidermal thickness in 

an eczema model [9]. Despite these advances, 

multiple challenges hinder translation to more 

widespread clinical use. First, the composition and 

bioactivity of herbal extracts can vary significantly 

due to differences in plant species, sourcing, 

extraction method and seasonal variation—leading 

to inconsistent therapeutic outcomes [10]. Second, 

incorporating these extracts into hydrogel matrices 

raises formulation questions: how to maintain 

phytochemical stability, control release kinetics, 

preserve mechanical integrity and optimise 

swelling/adhesion for topical use [11]. Third, many 

published studies focus on in vitro or small animal 

models, while human-clinical data remain scarce; 

regulatory frameworks for herbal-biomaterial 

combinations are also less well defined than for 

synthetic pharmaceuticals [12]. Given this context, a 

systematic review is warranted to summarise the 

current state of herbal-based hydrogels for topical 

applications, with a view to identify effective 

formulation strategies, key material choices, 

performance characteristics and translational gaps. 

This review aims to present: 

 (i) an overview of relevant herbal phytochemicals 

and their skin-specific biological activities; 

 (ii) types of polymeric matrices (natural and 

synthetic) used for herbal hydrogel scaffolds;  

(iii) formulation and cross-linking techniques 

tailored for topical delivery;  

(iv) critical characterization methods including 

physicochemical, mechanical and biological assays;  

(v) summary of topical therapy applications (e.g., 

wound healing, burn care, cosmetic dermatology) 

and outcomes; and  

(vi) current challenges, limitations and future 

directions in this emerging field.  

By integrating insights from recent literature (2018–

2025) and highlighting successful formulations and 

gaps, this review intends to provide researchers and 

formulation scientists with a consolidated roadmap 

for developing clinically viable herbal-loaded 

hydrogels for topical and dermatological use. 

 

II. Herbal Phytochemicals in Topical Therapy: 

Herbal phytochemicals—such as flavonoids, 

alkaloids, terpenes, polyphenols, saponins, and 

glycosides—play a vital role in topical therapeutics 

due to their diverse pharmacological activities, 

including antioxidant, anti-inflammatory, 

antimicrobial, and wound-healing properties. 

Topical delivery allows these bioactive compounds 

to act directly at the site of application, minimizing 

systemic side effects while achieving higher local 

concentrations. The incorporation of 

phytochemicals into hydrogels has gained 

increasing attention as hydrogels offer enhanced 

hydration, sustained release, and biocompatibility, 

all of which are advantageous for skin therapy 

(2,13). 

Phytochemicals contribute to skin therapy through 

multiple mechanisms. Many flavonoids and 

phenolic acids exhibit anti-inflammatory activity 

by inhibiting cyclooxygenase (COX), lipoxygenase 

(LOX), and nuclear factor-κB (NF-κB) pathways, 

thereby reducing pro-inflammatory mediators 

(Agrawal et al., 2024). Their antioxidant potential 

enables them to scavenge reactive oxygen species 

(ROS), protecting the skin from oxidative stress 

caused by ultraviolet (UV) radiation and pollution. 

Furthermore, several phytochemicals display 

antimicrobial effects by disrupting microbial cell 

membranes and preventing biofilm formation, 

making them valuable in wound care. Some 

triterpenes and polyphenols also promote wound 
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healing by stimulating fibroblast proliferation, 

collagen synthesis, and angiogenesis, which 

accelerate tissue regeneration (14). 

Integrating herbal phytochemicals into hydrogel 

matrices improves their topical performance. 

Hydrogels provide a three-dimensional, hydrophilic 

polymeric network that can encapsulate herbal 

extracts or purified compounds, offering controlled 

release, enhanced skin adhesion, and prolonged 

moisture retention. Abazari et al. (2022) reported 

that polysaccharide-based hydrogels loaded with 

herbal extracts such as Centellaasiatica and Aloe 

vera improved wound healing through synergistic 

antioxidant and anti-inflammatory actions. 

Similarly, Agrawal et al. (2024) highlighted that 

nano-engineered systems incorporating 

phytochemicals like curcumin significantly 

enhance dermal penetration and therapeutic 

efficacy in treating inflammatory skin disorders. 

Despite these benefits, formulation challenges 

remain, including variability in plant-derived 

extract composition, stability issues (e.g., oxidation 

or photodegradation), and the need for 

standardization and regulatory clarity. 

Nevertheless, when properly formulated, herbal 

phytochemical-based hydrogels present a 

promising alternative to synthetic topical drugs, 

combining safety, efficacy, and multifunctional 

therapeutic potential (6). 

 

 

III. Polymers Used in Herbal-Based Hydrogels:  

 
Polymers serve as the structural backbone of 

herbal-based hydrogels, forming a three-

dimensional network that entraps herbal extracts or 

phytochemicals, providing hydration, mechanical 

stability, and controlled drug release (14,15). 

Natural polymers such as alginate, chitosan, 

cellulose derivatives, gelatin, and hyaluronic acid 

are commonly used due to their excellent 

biocompatibility, biodegradability, and 

resemblance to the extracellular matrix of the skin 

(18). Among them, alginate forms hydrogels 

through ionic crosslinking with calcium ions, 

creating moist wound environments favorable for 

healing (16). Chitosan, a cationic polysaccharide 

derived from chitin, exhibits antimicrobial activity, 

enhances cell adhesion, and provides intrinsic 

wound-healing properties (17). Cellulose 

derivatives such as hydroxyethyl cellulose and 

carboxymethyl cellulose are often incorporated to 

improve viscosity, swelling capacity, and 

spreadability of herbal hydrogels (16). Hyaluronic 

acid, a glycosaminoglycan naturally present in skin 

tissue, promotes hydration and cellular 

regeneration, making it ideal for herbal-based 

hydrogel formulations (18). Pullulan, another 

natural polysaccharide, has recently gained 

attention for skin tissue engineering due to its film-

forming ability and biocompatibility (18). 

Synthetic polymers such as poly(vinyl alcohol) 

(PVA), poly(vinyl pyrrolidone) (PVP), and 

polyethylene glycol (PEG) are widely employed to 

enhance mechanical strength, swelling behavior, 

and stability of herbal hydrogels (16). Blending 

natural and synthetic polymers allows the 

development of hybrid hydrogels that combine the 

bioactivity of natural polymers with the structural 

robustness of synthetic ones (Abazari et al., 2022). 

Crosslinking density, polymer concentration, and 

molecular weight significantly influence the release 

kinetics of herbal phytochemicals and the 

hydrogel’s rheological properties (17). 

Biocompatibility and biodegradability remain the 

most critical factors in polymer selection, ensuring 

safety and efficacy for long-term dermal 

applications (15). Therefore, careful selection and 

optimization of polymer type, ratio, and 

crosslinking strategy are essential to design 

effective herbal-based hydrogels for topical therapy 

(14,16). 
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IV. Formulation Strategies: 

Formulation of herbal-based hydrogels for topical 

applications involves multiple strategic decisions 

that influence performance, therapeutic efficacy, and 

patient acceptability. Key formulation 

considerations include selection of the hydrogel 

base, incorporation of the herbal extract or 

phytochemical, optimization of physicochemical 

properties (swelling, viscosity, spreadability), 

release kinetics, skin penetration enhancement, 

stability, and compatibility with skin tissues (19). 

1. Vehicle Design and Hydrogel Architecture 

A critical early step is choosing the hydrogel base 

and its polymeric architecture. Formulators often 

use either physically or chemically cross-linked 

hydrophilic polymer networks that can swell and 

hold large volumes of water, thus providing a 

hydrated interface with the skin and enabling 

sustained release of herbal actives (20). The gel 

network must allow uniform dispersion of the herbal 

extract and enable controlled release while 

maintaining spreadability and adhesion to the skin 

surface (6). Effective incorporation of herbal actives 

into the hydrogel matrix is essential. This involves 

solubilization or dispersion of the extract or 

compound, ensuring compatibility with the hydrogel 

matrix (avoiding phase separation or precipitation), 

and controlling the loading volume to minimize 

burst release. Studies on nano-hydrogels show that 

loading herbal compounds into nanocarriers before 

embedding them in hydrogels can improve 

solubility, stability, and release behavior (1). 

2. Release Kinetics and Skin Penetration 

The hydrogel formulation strategy must regulate the 

release profile of the herbal compounds. Key 

parameters influencing release include polymer 

2.  
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cross-link density, polymer–active interactions 

(ionic, hydrogen bonding), swelling behavior under 

skin conditions, and diffusion path length within the 

gel (23). For topical therapy, optimized skin 

penetration—while minimizing systemic 

absorption—is desired. Strategies include using 

permeation enhancers, nanocarrier inclusion (e.g., 

nanoemulsions, phytosomes), or designing stimuli-

responsive systems (6). 

3. Physicochemical and Rheological 

Optimization 

For topical application, hydrogels must have 

appropriate viscosity, spreadability, adhesion, pH 

compatibility with skin (~5.0–6.5), and moisture 

vapor transmission characteristics. Formulation 

strategies include tuning polymer concentration, 

incorporating rheology modifiers, and adjusting 

cross-linker ratios to achieve a gel that is easy to 

apply, stays in place, and spreads uniformly. 

Validation studies using herbal extracts in hydrogel 

systems demonstrate the importance of optimizing 

viscosity and spreadability for topical acceptability 

(21). 

4. Stability and Compatibility 

Herbal-based hydrogels face additional stability 

challenges: phytochemicals may undergo oxidation, 

photodegradation, or interact with the polymer 

matrix. Therefore, the formulation strategy must 

include selecting antioxidants or stabilizers, 

packaging under light- and oxygen-minimized 

conditions, and optimizing storage parameters. 

Compatibility tests (pH, excipient interaction, 

microbial stability) are essential. Moreover, the 

polymer–extract interface must be non-irritant and 

non-sensitizing for dermal use (19). 

5. Advanced Strategies: Responsive Systems 

and Hybrid Carriers 

Beyond conventional hydrogels, modern 

formulation strategies incorporate advanced 

features: stimuli-responsive hydrogels (pH, 

temperature, or enzyme-triggered), nanocarrier–

hydrogel hybrids (nanoparticles or nanoemulsions 

loaded with herbal actives embedded in the 

hydrogel), and multilayer delivery systems. Such 

approaches aim to improve targeted release, deeper 

skin penetration, and sustained therapeutic action 

(6). 

 

V. Characterization of Herbal-Based 

Hydrogels 

Characterization of herbal-based hydrogels is 

essential to ensure that the formulation meets the 

physicochemical, mechanical, biological and 

release criteria required for effective topical 

therapy (20, 22). 

➢ Physical appearance and homogeneity. 

Visual inspection assesses parameters such as 

colour, clarity, phase separation (syneresis), lumps, 

and uniformity of dispersion of the herbal extract 

within the hydrogel. For instance, a herbal extract-

loaded hydrogel was reported to have a smooth, 

homogeneous texture with no syneresis, indicating 

good physical stability (23). 

➢ pH, spreadability, extrudability& viscosity. 

The pH of a topical hydrogel should be close to 

skin pH (~4.5-6.5) to avoid irritation. Spreadability 

reflects how easily the gel can be applied and 

spread over skin, and extrudability refers to how 

easily it can be dispensed from a container. 

Viscosity and rheological behaviour influence user 

acceptability and retention on the skin. One study 

reported hydrogels with pH values ~6.8-7.0, good 

spreadability values (≈22 cm²/g·sec), and 

viscosities in the range of ~3,300 cP after 3 months 

of storage (see Table 2 in the referenced study). 

➢ Swelling behaviour and water uptake 

Swelling ratio or water uptake tests quantify how 

much aqueous fluid the hydrogel absorbs—an 

important property influencing drug release and 

skin-hydration effects. High water uptake 

correlates with a hydrated microenvironment 

favourable for skin applications (24). 

➢ Mechanical / rheological properties. 

Storage modulus (G′), loss modulus (G″), shear-

thinning behaviour, firmness, adhesiveness and 
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viscoelastic response are measured to evaluate the 

hydrogel’s structural integrity and applicability. 

For example, rheometry showed that herbal-extract 

loaded hydrogels exhibited shear-thinning 

behaviour and maintained self-standing structure 

under physiologic conditions (3). 

➢ Morphology and microstructure. 

Scanning electron microscopy (SEM), transmission 

electron microscopy (TEM), and other imaging 

methods help examine pore size, network structure, 

surface morphology and dispersion of herbal 

actives within the hydrogel network. These features 

impact release kinetics and skin-interface 

behaviour (3). 

➢ Chemical compatibility and functional 

group analysis. 

Fourier-transform infrared spectroscopy (FTIR), 

differential scanning calorimetry (DSC), 

thermogravimetric analysis (TGA) and X-ray 

diffraction (XRD) are used to assess interactions 

between the polymer network and herbal extracts, 

confirm cross-linking, and gauge thermal stability. 

For instance, FTIR spectra revealed characteristic 

peaks for polymers and herbal extract, confirming 

successful incorporation (3). 

➢ Drug content, encapsulation efficiency and 

loading. 

Quantification of herbal phytochemical content 

(often via HPLC, UV-Vis or spectrophotometry) 

determines how much active is present in the 

hydrogel relative to the intended dose. 

Encapsulation efficiency and loading capacity are 

critical for reproducible therapeutic performance. 

➢ In vitro release, permeation and skin 

retention studies. 

Release profiles—cumulative percentage release 

over time—are measured (often using Franz 

diffusion cells) to determine how the herbal active 

is released from the hydrogel matrix. Permeation 

and retention studies evaluate how much of the 

active penetrates/up-takes into skin layers or stays 

on the surface. Controlled release and appropriate 

skin retention are crucial for topical efficacy (22). 

➢ Biological activity and cytocompatibility. 

Since herbal hydrogels act as therapeutic systems, 

their biological activities—such as antimicrobial, 

antioxidant, anti-inflammatory or wound-healing 

effects—are assessed often in vitro (cell lines) or 

ex vivo (skin models). Cytotoxicity and skin 

irritation/sensitisation tests evaluate safety for 

topical use (22). 

➢ Stability studies. 

Physical, chemical and microbial stability over 

time (under accelerated and real‐time conditions) 

are necessary to ensure the hydrogel retains its 

functional properties (pH, viscosity, drug content, 

no phase separation) over shelf life (23). 

 

VI. Applications in Topical Therapy: 

Herbal-based hydrogels developed for topical use 

have shown efficacy across a broad spectrum of 

dermatological and wound-care applications, with 

advantages including targeted delivery, sustained 

release, improved skin retention, and 

multifunctional activity (13,3). 

• Wound healing and chronic ulcers 

Hydrogels loaded with herbal phytochemicals are 

increasingly applied in wound care, especially for 

diabetic foot ulcers (DFUs) and chronic non-

healing wounds. For example, hydrogels 

incorporating herbal extracts provide a moist 

wound environment, deliver antioxidant, anti-

inflammatory and pro-angiogenic actives, and 

significantly improve healing outcomes compared 

to standard dressings (7). Specifically, one meta-

analysis reported that herbal hydrogel treatment 

increased the likelihood of complete wound closure 

by around 70 % versus conventional care (7). 

Another study developed a herbal-extract-loaded 

hydrogel (green tea, ginger, Phyllanthusemblica) 

for acne and wound repair, showing improved 

tissue regeneration and skin repair in a small 

clinical context (3). 
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• Inflammatory skin disorders 

Topical hydrogels containing herbal actives have 

been applied in inflammatory skin conditions such 

as psoriasis, atopic dermatitis (AD), and eczema. 

The hydrogel platform allows delivery of herbal 

anti-inflammatory agents, while providing barrier 

repair, hydration and modulated release. Cao et al. 

(2024) reviewed hydrogel platforms for 

inflammatory skin diseases and concluded that 

hydrogels offer tunable properties (porosity, 

adhesiveness, moisture retention) that match the 

pathophysiology of these disorders (25). 

Similarly, Agrawal et al. (2024) discussed how 

nanotechnology-enabled herbal topical systems 

(including hydrogels) improve phytochemical 

delivery and efficacy in skin disorders. 

• Antimicrobial and anti-infective topical 

therapies 

Herbal hydrogels have also been used to manage 

microbial skin infections and prevent wound 

dressings’ contamination. For instance, hydrogels 

formulated with extracts of plants showing 

antibacterial/fungal activity (e.g., hop, licorice) 

demonstrated good outcomes in controlling skin-

surface infections and supporting wound healing 

(14). The hydrogel vehicle ensures better contact, 

sustained release and reduced systemic absorption. 

• Cosmetic and skin-care applications 

Beyond therapeutic uses, herbal-based hydrogels 

are increasingly employed in cosmetic dermatology 

(anti-aging, skin brightening, UV-damage repair). 

The high water content, skin-friendly polymers and 

embedded plant actives (e.g., flavonoids, 

polyphenols) make hydrogels ideal for hydrating, 

soothing and rejuvenating topical applications (6). 

VII. Challenges and Limitations: 

Despite the promising potential of herbal-based 

hydrogels for topical applications, several 

significant challenges and limitations must be 

addressed before widespread clinical translation 

(6,26). 

 

 

o Standardisation of herbal extracts 

One of the primary obstacles is the variability in 

herbal raw materials: factors such as plant species, 

geographic origin, harvesting season, and 

extraction method lead to inconsistent 

phytochemical profiles and batch-to-batch 

variability in therapeutic performance (36,37). 

Without rigorous standardisation protocols, 

reproducibility and regulatory approval become 

difficult (27). 

o Stability and shelf-life issues 

Many herbal compounds are susceptible to 

degradation (oxidation, photolysis, hydrolysis) and 

may have limited water solubility or poor 

compatibility with hydrogel matrices. This poses 

formulation stability and shelf-life concerns for 

herbal-based hydrogels (Hashempur et al., 2025). 

Moreover, the high-water content of hydrogels 

complicates sterilisation and microbial control, as 

noted in advanced hydrogel systems (13,3). 

o Skin penetration and bioavailability 

The skin’s barrier properties (stratum corneum, 

lipid matrix) limit the penetration of large or 

hydrophilic phytochemicals. Achieving effective 

dermal penetration while retaining topical 

localisation remains challenging (26). Additionally, 

formulating hydrogels that provide both sufficient 

adhesion to the skin and optimal release kinetics of 

herbal actives is complex (26). 

o Mechanical and functional properties of 

hydrogels 

Hydrogels must strike a balance between 

mechanical strength (to resist deformation or 

syneresis), swelling behaviour (for hydration and 

drug release), and compatibility with skin contact. 

Poorly designed hydrogels may detach from skin, 

release the active too rapidly (burst release) or too 

slowly (under-release), or compromise gas/exudate 

exchange in wound applications (26). 

o Lack of robust clinical evidence 

While many in vitro and animal studies exist, 

human clinical trials for herbal-based hydrogels are 

scarce. The lack of large-scale, well-designed, 
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randomized controlled trials (RCTs) limits 

evidence of safety, efficacy, dosing and long-term 

outcomes (2,26). Without this evidence, regulatory 

approval and clinician adoption remain 

constrained. 

o Regulatory and commercial translation 

hurdles 

Regulatory frameworks for herbal-based topical 

therapeutics—including hydrogels—are less 

defined compared to synthetic drugs. Differing 

classification (cosmetic vs drug vs medical device), 

quality control standards, and global regulatory 

variability create hurdles for commercial 

translation (2). Furthermore, scale-up 

manufacturing of herbal hydrogels with 

reproducible quality is nontrivial. 

o Patient-related and practical limitations 

Hydrogel formulations need to be user-friendly 

(easy to spread, non-sticky, comfortable), 

cosmetically acceptable, and stable under storage 

conditions. Variability in skin types, conditions 

(dry vs oily vs injured skin), and patient 

adherence can affect real-world performance of 

herbal. 

VIII. Future Perspectives 

The field of herbal-based hydrogels for topical 

therapy is poised for significant evolution, driven 

by advances in polymer science, delivery 

technologies, and personalised medicine 

approaches. Researchers anticipate several key 

directions that will shape the next generation of 

formulations (28,29). 

▪ Smart, stimuli-responsive hydrogel 

systems 

Future herbal hydrogels are expected to incorporate 

stimuli-responsive behaviours (e.g., pH, 

temperature, enzymes, light) to enable on-demand 

release of herbal phytochemicals at the site of 

application. Such systems would enhance efficacy 

and reduce side-effects by coordinating release 

with the skin’s micro-environment (28). 

 

▪ Hybrid and nanocarrier-embedded 

hydrogels 

Embedding nanocarriers (e.g., nanoparticles, 

liposomes, phytosomes) or combining natural and 

synthetic polymers will enable improved 

mechanical strength, enhanced skin penetration, 

and more precise phytochemical delivery. These 

hybrid hydrogels effectively overcome limitations 

of natural-polymer systems while retaining 

bio-functionality (29). 

▪ Personalised and precision topical 

treatments 

As skin diseases and wound healing vary among 

individuals, future approaches may tailor hydrogel 

formulations to patient-specific parameters (skin 

type, condition severity, phytochemical sensitivity). 

This personalised topical therapy paradigm aligns 

with broader trends in precision medicine (29). 

▪ Sustainability and green manufacturing 

Given rising interest in eco-friendly biomaterials, 

future hydrogel platforms will emphasise 

sustainable sourcing of natural polymers, greener 

cross-linking chemistries, and biodegradable 

matrices. This shift will support both 

environmental and regulatory goals (28). 

▪ Regulatory streamlining and clinical 

translation 

A key future need is development of clear 

regulatory pathways and robust clinical validation 

for herbal-based hydrogels. Systematic clinical 

trials, standardised extract characterisation and 

scalable manufacturing will be critical to translate 

lab-scale systems into commercially viable topical 

therapies (29). 

▪ Integration with digital health and 

diagnostics 

Long-term prospects include integrating hydrogel 

patches with smart sensors, wound-monitoring 

systems, or digital feedback loops that adjust 

release or signal therapeutic progress. Such 

digital-hydrogel platforms could redefine topical 

therapy in skin disease and wound care 

management (28). 
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IX. CONCLUSION 

Herbal-based hydrogels represent a promising class 

of therapeutic systems that combine the 

biocompatibility and moisture-retention capacity of 

hydrogel networks with the diverse 

pharmacological activities of plant-derived 

bioactives. The literature demonstrates that 

incorporating herbal extracts, essential oils, and 

phytochemicals into hydrogel matrices can 

significantly enhance wound healing, antimicrobial 

action, antioxidant capacity, and anti-inflammatory 

effects, making them suitable for a wide range of 

topical applications. Advances in polymer science 

have further enabled the development of hydrogels 

with improved mechanical strength, controlled-

release behavior, and enhanced skin adhesion, 

allowing for more targeted and sustained delivery 

of herbal compounds.. Future research should focus 

on optimizing formulation strategies, exploring 

novel natural and synthetic polymer combinations, 

and conducting rigorous in vivo and clinical studies 

to establish safety, efficacy, and commercial 

feasibility. Overall, herbal-based hydrogels offer 

substantial potential as effective, patient-friendly, 

and multifunctional topical therapeutic platforms, 

bridging traditional herbal medicine with modern 

drug-delivery technology. 

SOME OF THE ADVANAGES FROM THE 

ABOVE RESULTS 

a)Eliminated Mechanical Linkages 

b)It can make Engine clean , efficient and 

responsive 

c)ECU can control the valve velocity acceleration 

and deceleration of valve 

d)Reduction in size and weight 

e)Fuel economy Increases 

f)Power and Torque increase 
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