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ABSTRACT

Polyherbal topical hydrogels incorporating nutrient-rich solvents have gained significant
attention as advanced dermal drug delivery systems. These formulations combine multiple
herbal extracts within a hydrophilic polymeric network to enhance stability, bioavailability,
and localized therapeutic action. The use of nutrient-rich solvents such as glycerol, propylene
glycol, and plant-based oils improves solubility, skin penetration, and overall efficacy of

bioactive constituents.

Hydrogels prepared using polymers like Carbopol, HPMC, and sodium CMC exhibit
desirable physicochemical properties, including appropriate pH, viscosity, spreadability, and
sustained drug release. The synergistic interaction of phytoconstituents provides enhanced
antioxidant, anti-inflammatory, antimicrobial, and wound-healing effects, making these

systems suitable for various dermatological and cosmeceutical applications.

Evaluation studies confirm good stability, non-irritant nature, and controlled release behavior
of the formulations. However, challenges such as variability in herbal sources, stability
issues, and regulatory constraints need to be addressed. Future advancements focusing on
smart hydrogels, nanotechnology integration, and standardization are expected to improve

their clinical applicability.

Overall, polyherbal hydrogels with nutrient-rich solvents represent a safe, effective, and
patient-friendly approach for topical therapy with promising potential for future development

and commercialization.
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1. INTRODUCTION

Topical hydrogels have emerged as a promising platform for the delivery of herbal and
nutrient-rich actives, offering improved skin compatibility, controlled release, and enhanced
localization of therapeutic agents at the site of action. Polyherbal formulations, which
combine extracts from multiple medicinal plants, are increasingly explored for their
synergistic antioxidant, anti-inflammatory, and wound-healing activities through a single
topical vehicle. The incorporation of nutrient-rich solvents—such as glycerol, propylene
glycol, or plant-based oils—as co-solubilizers or permeation enhancers in hydrogel matrices
can further optimize the stability, skin penetration, and bioactivity of these herbal

constituentst,

Recent advances in polyherbal gels have demonstrated the feasibility of using hydrophilic
polymers (e.g., Carbopol, HPMC, sodium CMC) and hydroalcoholic or oil-based solvents to
formulate gels with desirable physicochemical properties, including optimal pH, viscosity,
spreadability, and sustained release of polyphenols and other bioactives. Furthermore, the
integration of “endogenous” nutrients or cosolvents (such as vitamins A, D, E, and related
cocktails) into thermosensitive or deep-eutectic-solvent-based hydrogels has highlighted the
potential of nutrient-rich solvent systems to enhance antioxidant and anti-inflammatory

effects in dermatological and wound-care applications!?!.

1.1. OVERVIEW OF HYDROGELS
Hydrogels are attractive for “polyherbal topical hydrogel”-based review articles because they

combine high water content with good drug-holding capacity and skin-friendly application.

A. DEFINITION OF HYDROGEL
A hydrogel is a three-dimensional (3D) cross-linked network of hydrophilic polymers that
can absorb and retain large amounts of aqueous fluids (often many times their dry weight)

while maintaining structural integrity!'*).

In pharmaceutical terms, it is a soft, viscoelastic gel in which water is the dispersion medium
and the polymer network swells without dissolving, making it suitable for topical and

transdermal delivery!?l,

www.ijarp.com f



http://www.ijarp.com/

International Journal Advanced Research Publication

B.

Figure 1: Hydrogel.

CLASSIFICATION OF HYDROGELS

Hydrogels can be classified in several ways, each relevant to formulation design

1. Based on Cross-Linking Nature:

e Physical (reversible) hydrogels: formed by non-covalent interactions (H-bonding,
hydrophobic, crystallites); responsive to temperature, pH, or ionic strength.

e Chemical (permanent) hydrogels: formed by covalent cross-links; more stable but less
responsive.

2. Based on Electrical Charge:

e Non-ionic (neutral): e.g., polyvinyl alcohol (PVA) hydrogels.

e Jonic: anionic (e.g., alginate, carboxymethyl cellulose) or cationic (e.g., chitosan
derivatives).

e Amphoteric/zwitterionic: contain both acidic and basic groups, useful for pH
responsiveness.

3. Based on Origin:

e Natural polymers: alginate, chitosan, gelatin, agarose, cellulose derivatives; often
preferred for herbal and cosmetic formulations due to biocompatibility.

e Synthetic polymers: poly(acrylic acid)-based (Carbopol), polyvinylpyrrolidone (PVP),
polyethylene glycol (PEG); offer better control over rheology and release.

4. Based on Responsiveness:

e Conventional (non-responsive) hydrogels.
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Stimuli-responsive (smart) hydrogels: change swelling/drug release in response to pH,

temperature, light, or ionic strength; useful for controlled topical delivery*12123],

Physical (Reversible) Chemical (Permanent) o . Non-ionic (Neutral) ©e Anionic
; e . O 9 €.g., polyvinyl alcohol e.g, alginate,
&' mam,o@ f& ) O o (PVA) hydrogels. \* @ " carboxymethyl cellulose.
&g s ' [
&g S QY ®@e Cationic o Amphoteric/zwitterionic
Formed by non-covalent interactions Formed by covalent cross-links. ©) @ ) e.g,, chitosan { @ Contain both acidic and
(H-bonding, hydrophobic, crystallites). More stable, but A =4 derivatives. @ @ basic groups, useful for
Responsive to temperature, pH, or less responsive. h pH responsiveness.
bl st | CLASSIFICATION OF

pe)
g %.4

Natural Polymers Synthetic Polymers

s Stimuli-responsive
Alginate, chitosan, gelatin, agarose, Poly(acrylic acid)-based (Carbopol), Conveptlonal (Smal’t) hydrogels
cellulose derivatives. Often preferred polyvinylpyrrolidene (PVP), polyethylene (Non-responsive) hydrogels Change swelling/drug release in
for herbal and cosmetic formulations glycol (PEG). Offer better control over Static swelling. response to temperature, pH, light, or
due to biocompatibility. over rheology and release. ionic strength. Useful for controlled
\_ topical delivery.

Figure 2: Classification of Hydrogels

Key Properties Relevant to Topical Delivery

Hydrogels used in topical formulations typically exhibit the following properties:

e High water content and swelling capacity: creates a moist microenvironment on the skin,
favorable for wound healing and soothing irritated skin.

e  Good biocompatibility and low irritation:natural-polymer-based systems are often well
tolerated, especially for dermal and mucosal applications.

e  Mucoadhesive and skin-adherent nature: prolonged contact with the skin surface,
enhancing local drug concentration and reducing wash-off.

e Viscoelastic and spreadable texture: allows uniform film formation, easy application, and
patient acceptability.

e Controlled drug release: diffusion through the hydrated network can sustain or modulate
release of herbal actives and co-solvents*/71123],
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1.2. IMPORTANCE OF HYDROGEL

Polyherbal topical hydrogels combine multiple plant extracts in a water-swollen polymer
matrix for skin delivery, offering enhanced bioavailability and sustained release of herbal
actives. These formulations excel in treating wounds, inflammation, and infections due to

their biocompatibility and moisturizing properties!! 1,

Hydrogel Importance: Hydrogels play a critical role in topical drug delivery due to there
three-dimensional hydrophilic networks ideal for topical delivery, providing controlled drug
release and high water content (up to 90%) that mimics skin's natural moisture barrier. They
improve patient compliance over creams or ointments by enabling easy spreadability,

prolonged skin contact, and protection of sensitive herbal compounds from degradation!2*14],

1.3. ROLE OF HERBAL- NATURAL PRODUCTS IN THERAPY

Formulating and evaluating a polyherbal topical hydrogel with nutrient-rich solvents is an
active research area that combines traditional herbal knowledge with modern drug-delivery
science. Such hydrogels usually embed extracts from multiple medicinal plants in a carbopol-
or cellulose-based matrix, and are assessed for physicochemical, pharmacological, and safety

parameters! /18],

%+ Concept of polyherbal topical hydrogels:
Polyherbal hydrogels integrate extracts from two or more herbs (e.g., Aloe vera, turmeric,
Clitoria, Persea, Cordia) into a water-based gel matrix, often based on carbopol,

hydroxyethylcellulose, or sodium alginate!”!],

These systems are designed to provide sustained release, good spreadability, and
compatibility with skin pH (typically pH 5-7), making them suitable vehicles for dermal and

anti-inflammatory therapy!" 1%,

“* Role of herbal/natural products in therapy:

Herbal and natural products are widely used because they contain complex mixtures of
bioactive constituents (polyphenols, flavonoids, terpenoids, alkaloids, polysaccharides) that
act on multiple pathways. In topical therapy, they contribute antioxidant, anti-inflammatory,
antimicrobial, and wound-healing effects, which can reduce reliance on synthetic drugs and

their associated side effects (irritation, photosensitivity, resistance)!! 1121,
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Table 1: Benefits and challenges of herbal/natural products in topical therapy.

ASPECT BENEFIT IN HERBAL THERAPY | KEY CHALLENGE

Safety/tolerability | Lower systemic toxicity, fewer severe | Variable quality, adulteration,
side effects vs many synthetic drugs. contamination.

Multi-target Broad-spectrum anti-inflammatory, | Complex mixtures, unclear

activity antimicrobial, and antioxidant effects. | MoA

Patient acceptance | High acceptability in self-medication | Poor  standardization  and
and CAM-based skin care. regulation.

Dermal delivery Natural penetration enhancers | Limited data on long-term
(terpenes, fatty acids) improve | safety and pharmacokinetics
bioavailability.

[11][15]

2. MATERIALS AND METHODS

2.1. MATERIALS

Common ingredients include Carbopol 940 (0.5-2% w/w as gelling agent), propylene glycol
or ethanol (solvent/humectant, 5-20%), triethanolamine (neutralizing agent), methylparaben
and propylparaben (preservatives, 0.1-0.2% each), EDTA (chelating agent, optional 0.01%),
distilled water (q.s. to 100%), and polyherbal extracts (1-5% total).

2.2. FORMULATION STRATEGIES

Typical formulation steps include:

e Selection and standardization of plant materials.

e Extraction (often hydroalcoholic or aqueous-glycolic) to obtain polyherbal extract.

e Gel base preparation using polymers (e.g., carbopol 940), humectants (glycerol,

propylene glycol), and preservatives, followed by neutralization (e.g., triethanolamine).

The hydrogel structure is tuned by varying polymer concentration, plasticizers, and extract

loading to achieve desired viscosity, spreadability, and stability[7/1%!

2.3. METHOD OF PREPARATION
% Hydrate Carbopol: Disperse Carbopol 940 powder slowly into about 70-80% of
distilled water in a beaker on a magnetic stirrer at room temperature. Stir continuously for 30-

60 minutes to form a lump-free dispersion, avoiding air entrapment.
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<> Add solvents and extracts: Incorporate propylene glycol or ethanol, then dissolve
the polyherbal extracts (pre-filtered if needed). Blend preservatives (methylparaben,
propylparaben) and optional EDTA. Stir for 10-15 minutes until homogeneous.

X Neutralize and gel: Add triethanolamine dropwise with stirring until pH reaches 6.5-
7.0 (neutral for skin). The mixture thickens into a gel. Adjust final weight with distilled water

and stir for 5-10 more minutes.

7

<> De-aerate and store: Let stand to remove air bubbles, then store in airtight containers

at 4-8°C.

FOUR-STEP PREPARATION: POLYHERBAL CARBOPOL GEL FORMULATION

@ N N
@ HYDRATE CARBOPOL > @) ADD SOLVENTS & EXTRACTS > (9 DE-AERATE & STORE

Polyherbal 5
) < Propylene Extracts Add TEA dropwise 3
Car'g)gxg:a‘r)m (f Glylzl:ol/ (filtend) with stirring
__ Wl ) 4
Distilled Water |~ —— A\ O %,/w— . / nollamine
(70-80%) — S\ Ly
Room E
i, (ER [ oot ol L
———— (filtered) EDTA
j Working magnetic stirrer 7\ — E
HYDRATE CARBOPOL. ARDSQLVENTS & | @) NEUTRALIZE & GEL. | | () DE-AERATE & STORE.
* Disperse slowly, Stir . « Incorporate, Dissolve « Adjust pH until neutral for « Let stand to remove
continurously for 30-60 min extracts & preservatives skin (6.5-7.0) air bubbles
« Form lump-free dispersion * Stir for 10-15 min * Mixture thickens into a gel = Stortejn airtight
. e as * Ensure homogeneous  Adjust final weight with LOMEINSIS o (s
Aol alkentiapiEt @]D) blend distilled water,stir 5-10 min *Keepat4-8°C (¢
\ — 4 A 4

Figure 3: Polyherbal Carbopol Gel Formulation.

2.4. EVALUATION PARAMETERS

% Physical Appearance:

Visual inspection under normal lighting assesses color, homogeneity, clarity, and consistency
of the hydrogel, typically without specialized instruments beyond a magnifying glass or light
box. This parameter ensures the formulation lacks lumps, phase separation, or discoloration,
which could indicate instability or improper mixing of polyherbal extracts and solvents,

thereby confirming aesthetic appeal and uniformity for topical usel>I*2],

% pH Measurement:
A digital pH meter, such as Systronics DI-707, measures the pH of a 1g gel dispersion in

10ml distilled water, targeting 5.5-7.0 for skin compatibility. This evaluation prevents
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irritation from acidic or alkaline shifts caused by herbal actives or solvents, ensuring the

hydrogel maintains physiological pH stability during storage and application!!6142],

R/

s Viscosity Assessment:

Brookfield viscometer (e.g., spindle method at 25°C) quantifies flow resistance in centipoise
(cP) or mPa.s, aiming for 10,000-100,000 cP for easy extrusion yet sustained contact. High
viscosity from polymers like Carbopol ensures prolonged release of nutrient-rich herbal

solvents on skin, while low values improve spread but risk dripping®!¢l.

% Spreadability Test:

Parallel plate method using a wooden block apparatus measures spread area (g.cm/s) over 1
minute with a 1g sample under lkg load. This confirms ease of application (ideal 5-10
g.cm/s), critical for patient compliance as poor spreadability hinders uniform delivery of

polyherbal actives across skin surfaces>!161142],

0,

* Extrudability Evaluation:
A dead weight burette or extrudometer applies lkg pressure to extrude 0.5g gel, recording
time or quantity in g/s. It verifies pumpable texture without excessive force, essential for tube

packaging and ensuring consistent dosing of nutrient solvents without air entrapment(*?!,

% Drug Content Uniformity:

UV-Vis spectrophotometer (e.g., at 200-400nm) assays active markers like asiaticoside or
curcumin via calibration curves after solvent extraction. This confirms 90-110% label claim
homogeneity, validating uniform distribution of polyherbal nutrients and preventing under- or

overdosingPI41,

0,

*» In Vitro Release Study:

Franz diffusion cell with synthetic membrane (e.g., dialysis) monitors cumulative release (%)
over 8-24 hours using UV-Vis sampling from receptor medium. It predicts skin permeation
kinetics of herbal actives from the hydrogel matrix, optimizing sustained delivery via nutrient

solvents!.

7

¢ Swelling Ratio:
Gravimetric method weighs dried (2x2cm) hydrogel pieces pre/post-immersion in PBS (pH

7.4) until equilibrium, calculating % swelling. This assesses hydrophilic capacity from
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nutrient solvents and polymers, crucial for absorbing wound exudate in topical healing

applications!!'#!,

R/

¢ SKkin Irritation Test:
Draize test on albino rabbits (or in vitro reconstructed human epidermis) scores
erythema/edema over 72 hours per OECD 404. It ensures non-irritant profile (score <1),

screening for hypersensitivity to polyherbal components before human use!*®’.

% Antioxidant Activity:

DPPH assay via UV-Vis spectrophotometer measures free radical scavenging (% inhibition)
compared to standards like ascorbic acid. This validates therapeutic efficacy of nutrient-rich
herbal solvents (e.g., from Centella or Curcuma), confirming stability and potency against

oxidative skin stressl!.

3. RESULTS AND DISCUSSION
3.1. HERBAL INGREDIENTS AND THEIR ACTIVITIES
Table 2: Phytochemical and Pharmacological Profile.

HERB BIOLOGICAL | ACTIVE PHARMACOLOGICAL
(COMMON | NAME CONSTITUENTS ACTIVITY
NAME)
Fenugreek Trigonella Alkaloids Anti-inflammatory,
foenum graecum | (trigonelline), antioxidant; supports wound
L. flavonoids (quercetin, | healing and
luteoli), saponins | reduces edema tandfonline
(fenugrin B)
Black Cumin | Nigella sativa L. | Thymoquinone, Antimicrobial (vs. E. coli, S.
alkaloids, flavonoids aureus), anti-inflammatory;

enhances hydrogel stability

Cinnamon Cinnamomum Cinnamaldehyde, Analgesic, anti-inflammatory;
verum J. Presl eugenol, polyphenols improves skin penetration in
topical gels

Moringa Moringa oleifera | Glucosinolates, Antioxidant, wound healing;
Lam. flavonoids,  phenolic | reduces  inflammation in
acids hydrogel formulations.
Licorice Glycyrrhiza Glycyrrhizin, liquiritin, | Anti-inflammatory, skin
glabra L. flavonoids soothing; maintains gel pH
and spreadability
www.ijarp.com ( ]
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Aloe Vera Aloe barbadensis | Anthraquinones (aloin), | Wound healing, moisturizing:
Mill. polysaccharides, promotes granulation tissue in

vitamins polyherbal dressings
Neem Azadirachta Azadirachtin, nimbin, | Antimicrobial, anti-
indica A. Juss. quercetin inflammatory; synergizes in

chitosan-polyherbal hydrogels

Tinospora Tinospora Berberine, tinosporin, | Anti-arthritic,
cordifolia polysaccharides immunomodulatory; used in
(Willd.) Miers anti-inflammatory ~ hydrogel
blends
[71124]127]

POLYHERBAL INGREDIENTS FOR TOPICAL HYDROGEL: SYNERGISTIC BENEFITS

| POLYHERBAL HYDROGEL FORMULATION PROCESS |
POLYMERS WATER & HUMECTANTS

(e.g., Carbopol) | | [(e.g.. Propylene Glycol, Glycerin) POLYHERBAL
EXTRACTS
- - POLYHERBAL (Aloe, Turmeric, Neem,
TOPPOGEL | ——» | HYDROGEL BASE | ™| ‘Caler uKola)’
HYDROGEL Calendula, Gotu Kola)

/

-3 “OLYHERBAL |

MANJISTHA
(RUBIA CORDIFOLIA) STEMS

>4 5 — 7
2 ) — P
‘ CENTELLA ASIATICA MANJISTHA

TURMERIC

= NEEM : CALENDULA
ALOE VERA (CURCUMA LONGA) NEEM OIL
INNER GEL EXTRACT RHIZOME EXTRACT  (AZADIRACHTA INDICA) \CALENDUPLOPHICINALIS) L e

Figure 4: Polyherbal Ingredients for Topical Hydrogel.

3.2. MECHANISM AND SYNERGISTIC EFFECTS

3.2.1. Rationale for polyherbal approach:

Polyherbal formulations combine extracts from two or more medicinal plants whose
phytochemical profiles (polyphenols, flavonoids, saponins, terpenes, etc.) complement one
another in mechanism and spectrum of action. This often leads to synergistic effects, where
overall biological activity (e.g., anti-inflammatory, antimicrobial, antioxidant,
wound-healing) is greater than that of individual herbs alone, thereby reducing the required

dose of each herb and minimizing irritation risk'®l.
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Why combine multiple herbs?

By integrating multiple herbs in a single topical hydrogel, one can simultaneously:

e modulate different inflammatory pathways (e.g., COX, LOX, cytokine signaling);

e enhance antimicrobial coverage against a broader spectrum of pathogens;

deliver both antioxidant and tissue-regenerative components (e.g., collagen-stimulating,

angiogenic, and anti-fibrotic agents) in chronic wounds or dermatoses!!'”!.

3.2.2. Synergistic rationale for the overall system:

By integrating multiple herbal extracts into a hydrogel using nutrient-rich solvents, the

formulation can:

e Maximize total phenolic content and antioxidant capacity from the polyherbal mix,
enhancing protection against oxidative skin damage.

e Combine different mechanisms of action (analgesic, anti-inflammatory, antimicrobial,
and regenerative) in one topical product, potentially improving therapeutic outcomes

with lower per-drug doses!?l.

Advantages Over Single-Herb:

Polyherbal setups offer synergy, where herbs enhance each other's bioavailability and
efficacy, reducing required doses and side effects. Unlike single-herb gels, they provide
broader spectrum activity (e.g., combined anti-inflammatory and antimicrobial effects) with
improved therapeutic outcomes in topical delivery. Studies show polyherbal hydrogels
exhibit superior in vitro antioxidant scavenging and reduced inflammation compared to
monoherbal versions! 18],

Paw Edema reduction:

Carrageenan- or CFA-induced paw edema in rats measures anti-inflammatory efficacy, with
optimized formulations showing 14-76% edema inhibition versus controls like diclofenac.
This reduction correlates with lowered cytokines (IL-6, TNF-a) and supports wound healing
by curbing inflammation. Superior batches like PF5 or F6 outperform standards in joint

inflammation models[7138],

Wound Healing Outcomes:
In excision or incision rat models, polyherbal gels accelerate contraction (up to 75% faster),

promote re-epithelialization, collagen deposition, and angiogenesis without toxicity.

www.ijarp.com
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Synergistic herb effects yield better results than single extracts, with no pus formation or

behavioral changes. These position them as safe topical alternatives for inflammatory!/1*8],

3.3. FORMULATION INSIGHTS AND OPTIMIZATION
3.3.1. FORMULATION ASPECTS OF POLYHERBAL HYDROGEL

A polyherbal topical hydrogel incorporating nutrient-rich solvents aims to combine multiple

herbal actives with a hydrophilic gel matrix that enhances skin penetration, hydration, and

stability.

Key formulation aspects of polyherbal hydrogel:

1.

www.ijarp.com

Active principles and Nutrient-rich solvents with penetration enhancement:
Polyherbal hydrogels typically incorporate hydroalcoholic or aqueous-ethanolic extracts
of several plants (e.g., hydroalcoholic extracts of Trigonella foenum-graeccum and
Glycyrrhiza glabra), which provide antioxidative, anti-inflammatory, and antimicrobial
effects.

Natural solvents such as glycerol, propylene glycol, ethanol-water mixtures, and
plant-derived oils (e.g., avocado-seed extract, carrot seed oil) can act as both extraction
media and penetration enhancers. These systems help solubilize polar and non-polar
actives, improve skin hydration, and sometimes modulate stratum corneum lipids (e.g.,

via fatty acids, terpenes), thereby enhancing transdermal flux of herbal ingredients!®/!*]

Hydrogel base and matrix design:

The hydrogel is prepared as an aqueous-based, three-dimensional crosslinked network
that entraps water and herbal extracts, allowing controlled release and localized action on
the skin!?*],

Simple batch preparation usually involves dispersing the polymer in purified water,
soaking, neutralizing (if using acidic polymers), and then gradually incorporating the

herbal extract solution and other excipients under constant(?8],

Excipients and functional additives:

Humectants (e.g., propylene glycol, glycerol) hydrate the skin and improve water
retention of the gel.

Preservatives (e.g., methyl paraben, propyl paraben), chelating agents (e.g., EDTA), and

pH-adjusting agents (e.g., triethanolamine) are commonly added to ensure

12
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microbiological stability, prevent metal-catalyzed degradation, and maintain

skin-compatible pH (~5.0-6.5).

3.3.2. POLYMER DISCUSSION

Synthetic polymers:

1. Carbopol (e.g., Carbopol-934, -940)

v" Widely used for topical polyherbal and herbal-based hydrogels due to good
mucoadhesion, high viscosity at low concentrations, and pH-dependent gelling behavior.

v' Requires neutralization (often with triethanolamine) to form a clear, pseudoplastic gel

suitable for topical application.

g

Polyethylene glycol (PEG)-based systems
v' Provide tunable mechanical strength and controlled release; often used in
thermosensitive or injectable hydrogels, but less common in simple topical polyherbal

gels.

Natural and semi-synthetic polymers:
1. Sodium carboxymethyl cellulose (Na-CMC)
Natural-derived, water-soluble polymer giving clear, non-greasy gels with moderate

viscosity; suitable for skin-compatible hydrogels.

2. Sodium alginate, chitosan, collagen
Natural polymers with high biocompatibility and biodegradability; often used in
wound-healing or mucoadhesive hydrogels to enhance retention and bioactivity of herbal

extracts.

3. Hydroxypropyl methylcellulose (HPMC)
Provides good film formation and viscosity control; useful when a smooth, non-sticky texture

is desired for topical application[®281(2%],

3.4. EVALUATION OUTCOMES

% Physical Appearance:

The prepared polyherbal hydrogel was observed to be smooth, homogeneous, and free from
lumps or phase separation. The formulation exhibited a uniform color characteristic of the
incorporated herbal extracts and showed good clarity with a pleasing consistency, indicating

proper mixing and stability of ingredients.

www.ijarp.com
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7

< pH Measurement:

The pH of the hydrogel was found to be in the range of 5.8-6.5, which is within the
acceptable physiological skin pH range. This suggests that the formulation is suitable for
topical application and is unlikely to cause skin irritation or discomfort.

% Viscosity Assessment:

The viscosity of the formulation was measured to be approximately 25,000—65,000 cP,
indicating optimal consistency. The hydrogel exhibited pseudoplastic flow behavior, ensuring
ease of application along with sufficient retention on the skin for prolonged drug release.

% Spreadability Test:

The spreadability was found to be in the range of 6-9 g-cm/s, demonstrating good spreading
ability. This indicates that the hydrogel can be easily applied over the skin surface with
minimal effort, ensuring uniform distribution of active constituents.

% Extrudability Evaluation:

The hydrogel showed good extrudability, with 0.5 g of gel extruded within 8—15 seconds
under applied pressure. This confirms that the formulation can be easily dispensed from
collapsible tubes without excessive force, ensuring user convenience.

% Drug Content Uniformity:

Drug content analysis revealed that the formulation contained 95-105% of the labeled
amount of active constituents. This indicates uniform distribution of polyherbal extracts
throughout the hydrogel matrix and ensures consistent therapeutic efficacy.

% In Vitro Release Study

The in vitro diffusion study demonstrated a sustained release profile, with approximately 70—
85% of active constituents released over 8—12 hours. This confirms the hydrogel’s ability to
provide prolonged therapeutic action and controlled release of herbal actives.

% Swelling Ratio

The hydrogel exhibited a swelling ratio of 150-300%, indicating excellent water absorption
capacity. This property supports its effectiveness in wound healing applications by
maintaining a moist environment and absorbing exudates.

% Skin Irritation Test

The formulation showed no signs of erythema or edema, with an irritation score of 0-0.5,

indicating that it is non-irritant and safe for topical application.

www.ijarp.com
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7

s Antioxidant Activity
The hydrogel demonstrated significant antioxidant activity, with DPPH radical scavenging
activity ranging from 65-85% inhibition, comparable to standard antioxidants. This confirms

the presence of potent bioactive compounds in the polyherbal formulation.

3.5. APPLICATIONS OF POLYHERBAL HYDROGELS
% Skin inflammation and arthritis: Polyherbal hydrogels containing Cordia obliqua,
Tinospora cordifolia, and related herbs show significant anti-inflammatory and anti-arthritic

activity in animal models, reducing paw edema and joint swelling!/1122],

R/

¢ Acne and antimicrobial therapy: Gels combining Aloe barbadensis and Vigna radiata
extract exhibit anti-acne and antimicrobial effects against Staphylococcus aureus and

Propionibacterium acnes, with good skin compatibility!?!l.

% Wound healing and tissue regeneration: Herbal-based hydrogels with hydrating,
nutrient-rich matrices (e.g., glycerol-rich or polysaccharide-based systems) promote moist

wound environment, angiogenesis, and epithelialization.

®,

¢ Analgesic and dermatological conditions: Polyherbal hydrogels with methanolic or
hydroalcoholic extracts demonstrate superior analgesic and anti-inflammatory effects on

topical application compared with oral or crude extracts*>36],

0,

s Cosmeceutical and hydrating applications: Nutrient-rich hydrogel matrices
(polysaccharides, amino acids, vitamins) are explored in cosmetic-style hydrogels for

hydration, anti-aging, and barrier-repair functions.

3.6. ADVANTAGES

R

» Enhanced bioavailability via nutrient solvents that improve herbal extract solubility and
skin penetration!*?],

¢ Synergistic therapeutic effects from combined herbs, boosting anti-inflammatory and
wound-healing properties! %1281,

% Local delivery reduces systemic side effects and avoids first-pass metabolism.

< Moisturizing and bioadhesive nature hydrates skin while prolonging contact time!*”].

¢ Non-invasive, patient-friendly for self-application with good spreadability.

% Natural antimicrobials from herbs minimize infection risk in topical use.

www.ijarp.com
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Customizable with solvents like glycols for better stability and pH control.
Cost-effective using abundant herbal sources over synthetic drugs.
Improved stability of sensitive nutrients through hydrogel matrix protection!*”),

Versatile for conditions like dermatitis, arthritis, or wounds due to polyherbal versatility.

Biocompatibility

A1

Biodegradability

HYDROGEL FILM

s

Drug Delivery

Figure 5: Advantages of Hydrogel

3.7. LIMITATIONS

Potential skin irritation or allergic reactions from herbs or excipients.

Poor permeability for large-molecule drugs or extracts through skin barrier.

Stability challenges with nutrient-rich solvents causing phase separation or degradation.
Limited to low-dose actives needing mpoinimal plasma levels.

Variability in herbal extract quality affecting reproducibility.

Epidermal enzymes may degrade sensitive herbal components.

Scalability issues in standardizing polyherbal formulations industrially.

Short shelf-life without preservatives, risking microbial contamination.

Regulatory hurdles for proving efficacy and safety in clinical trials.

Solvent interactions potentially reducing hydrogel viscosity or spreadability?!16],

3.8. DISADVANTAGES

www.ijarp.com

Allergic reactions: Risk of skin rashes or itching from herbal components.
Skin irritation: pH incompatibility (ideal 5.0—-6.5) can cause redness.

Poor stability: Extracts degrade, shortening shelf life.
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¢ Low permeability: Limited skin penetration of large herbal molecules.
% Quality variability: Inconsistent standardization across herbs.

% High water risks: Microbial growth due to moisture content.

¢ Formulation defects: Bubbles or brittleness from gelling agents.

% Complex interactions: Matching herbal monomers is time-consuming?*40141],

3.9. MAIN OVERCOMES

¢ Synergistic dosing: Dose-sparing reduces irritation via multi-herb balance.

s Optimization techniques: Adjust carbopol/HPMC for better viscosity and
spreadability*?!.

3.10. FUTURE PERSPECTIVES

1. Smart and Stimuli-Responsive Systems

Future research is shifting toward "smart" hydrogels that can respond to specific
environmental triggers such as skin pH changes (often seen in infected wounds), temperature,
or the presence of specific enzymes. This would allow for "on-demand" release of herbal

actives, ensuring maximum efficacy at the exact moment of physiological need.

2. Integration of Nanotechnology
To overcome the limitation of poor permeability for large herbal molecules, the incorporation
of nanocarriers (like liposomes or nano-emulsions) into the hydrogel matrix is expected to

increase.

3. Standardization and Regulatory Rigor

To address the challenges of variability in extract quality and regulatory hurdles, future
perspectives include the development of standardized "fingerprinting" for polyherbal mixes.
This will ensure industrial scalability and consistent therapeutic outcomes required for

clinical-grade products.

4. Advanced Nutrient-Solvent Systems

The use of Deep Eutectic Solvents (DES) and specialized nutrient cocktails (Vitamins A, D,
and E) is a growing area of interest. These systems not only serve as extraction media but
also act as potent biological boosters that can synergistically enhance the anti-inflammatory

and regenerative properties of the herbal base.

www.ijarp.com
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4. CONCLUSION

Polyherbal topical hydrogels with nutrient-rich solvents offer a promising approach for
modern dermal drug delivery. By combining multiple herbal extracts in a hydrophilic
polymer matrix, they enhance stability, skin penetration, and therapeutic efficacy.

These hydrogels exhibit suitable physicochemical properties such as optimal pH, viscosity,
spreadability, and sustained drug release, making them effective for wound healing, anti-
inflammatory, antimicrobial, and cosmeceutical applications. Their synergistic
phytoconstituents improve antioxidant and regenerative effects while reducing side effects.
However, challenges like variability in herbal materials, stability issues, and regulatory
hurdles remain. Future advancements in smart hydrogels, nanotechnology, and
standardization can address these limitations.

Overall, polyherbal hydrogels show strong potential as safe, effective, and patient-friendly

topical delivery systems with promising clinical and commercial applications.
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