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Abstract

Most of the patients are suffer with wound or accidental injury and they required proper
medication. From these requirement we get idea to study on wound healing by topical medi-
cation. To consider this objective our review study work titled as “Review Study On Wound
Healing by Amorphous Hydrogel ”. These study covers need of hydrogels, mechanism and
release of hydrogel, formulation consideration, preparation methods, evaluation criteria,
regulatory requirements for their packaging, labeling and stability concern. Review study
clearly indicated that Amorphous hydrogels—non-crystalline, free-flowing, water-based
gels—have gained attention for their ability to facilitate wound healing, especially in dry,
necrotic, or sloughy wounds.
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1. Introduction

Wound healing is a complex biological process involving hemostasis, inflammation, prolifer-
ation, and remodeling. An ideal wound dressing must maintain a moist environment, protect
against infection, and promote tissue regeneration. Amorphous hydrogels—non-crystalline,
free-flowing, water-based gels—have gained attention for their ability to facilitate wound

healing, especially in dry, necrotic, or sloughy wounds.

Amorphous hydrogels are composed mainly of:

o Water (up to 90-95%) — provides moisture.

o Gelling agents (e.g., carbomer, carboxymethylcellulose, polyacrylamide).

o Preservatives and sometimes bioactive agents (e.g., antimicrobials, growth factors).
Key properties:

o Maintain moisture balance.

o Non-adherent and cooling.

o Transparent for wound observation.

o Easily conform to irregular wounds.
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Mechanism of Action in Wound Healing

o Moist wound environment: Promotes epithelialization and reduces dehydration.

o Autolytic debridement: Softens and removes necrotic tissue naturally.

o Pain relief: Cooling and soothing effect reduces wound pain.

o Promotes cell migration: Supports keratinocyte and fibroblast activity.

o Delivery platform: Can serve as a carrier for antimicrobial or healing-promoting
agents.

Types of Wounds Treated

Amorphous hydrogels are suitable for:

Pressure ulcers (Stage 11-1V),

Diabetic foot ulcers,

Surgical wounds,

Radiation burns,

Minor burns and scalds Sloughy/necrotic wounds (for debridement)

Advantages of Amorphous Hydrogel

Category Advantage

Maintains moist environment for optimal healing

Promotes autolytic debridement

Wound Healing - - - -
Soothing and cooling effect relieves pain

Non-adherent to wound bed (minimal trauma during dressing changes)

Can encapsulate and release hydrophilic or hydrophobic drugs

Drug Delivery - —— -
Allows sustained or stimuli-responsive drug release

Biocompatibility||Non-toxic, non-irritating, and biodegradable (in some cases)

Flexibility Conforms to wound shapes and body contours

Transparency ||Allows visual monitoring of the wound or skin area

Application Easy to apply and remove
Limitations
Category Disadvantage

Exudate Handling |[Poor absorbency in heavily exuding wounds

Structural Integrity |[May degrade quickly or lose mechanical strength

Maceration Risk  ||Overhydration can macerate surrounding healthy skin

Short Wear Time  |[May require frequent replacement
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Category Disadvantage

Contamination Risk||If not sterile or properly packaged, risk of microbial contamination
Cost More expensive than traditional dressings or simple delivery systems
Storage Sensitive to temperature, pH, and microbial contamination

Applications of Hydrogels

o Wound dressings (burns, ulcers, surgical wounds)
o Transdermal drug delivery

o Ophthalmic gels

o Injectable hydrogels for tissue engineering

o Contact lenses

o Cosmetic and dermatological formulations

Current Research and Innovations:

Drug-loaded hydrogels: Incorporation of antibiotics, honey, silver nanoparticles, and herbal
extracts. Responsive hydrogels: Stimuli-responsive gels (pH, temperature, enzymes) for con-
trolled drug release. Bioengineered hydrogels: Enhanced with collagen, growth factors, or
stem cells to accelerate tissue regeneration.

Clinical Evidence:

Studies show faster healing rates, better patient comfort, and fewer infections with amor-
phous hydrogels in chronic wounds. Several randomized controlled trials have demonstrated:
Improved wound bed preparation.

Enhanced granulation tissue formation.
Reduced healing time for diabetic ulcers and pressure sores.

Amorphous hydrogels are a promising and versatile class of wound care agents that offer
several advantages in managing chronic and complex wounds. Their ability to maintain a
moist environment, assist in debridement, and serve as delivery systems makes them vital in
modern wound management. Ongoing innovations and clinical advancements are expected to
enhance their effectiveness and broaden their applicability in wound healing.

Colloidal silver refers to a suspension of microscopic silver particles in a liquid (usually wa-

ter). It has been historically used for its antimicrobial properties, but its use in modern medi-
cine is controversial due to safety concerns.
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Physical Properties

Property | Description

Appearance ||Clear, cloudy, or light gray liquid depending on particle concentration and size

Particle Size || Typically ranges from 1 to 100 nanometers

Solubility  [{Insoluble in water (suspended, not dissolved)

Can aggregate over time; stability depends on particle size and presence of sta-

Stability bilizers

Conductivity||Conductive due to suspended metal particles

pH Neutral to slightly alkaline (usually pH 6.5-8.0)

Chemical Properties

Property Description

Primarily metallic silver (Ag®), with some ionic silver (Ag") pre-

Oxidation State
sent

Can oxidize to silver ions (Ag"), which are responsible for anti-

Reactivit . . )
y microbial action

Interaction with Light Sensitive to light; can degrade or change color when exposed

Surface Charge (Zeta Po-||Helps maintain colloidal stability by electrostatic repulsion be-
tential) tween particles

Biological and Pharmacological Properties

Property Description

Antimicrobial Broad-spectrum activity against bacteria, fungi, and some viruses

Mechanism of Ac-||Disrupts cell membranes, interferes with enzymes, generates reactive
tion oxygen species (ROS)

Anti-inflammatory ||[Some evidence of anti-inflammatory action, though not well established

Tissue Healing Promotes wound healing in some topical applications

Can accumulate in tissues; long-term use may cause argyria (blue-gray

Toxicit . .
Y skin discoloration)

Safety Concerns

Concern Details
Argyria Irreversible blue-gray pigmentation from long-term use or high doses
Nephrotoxicity Risk of kidney damage with high systemic absorption
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Concern

Details

Neurotoxicity

High doses can affect the nervous system

proval

Lack of FDA Ap-|[Not approved as a drug or supplement by the FDA due to safety and

efficacy concerns

Permitted Uses

Topical wound dressings (in regulated, controlled formulations)
Medical devices (e.g., silver-impregnated catheters or bandages)
Water purification (limited, controlled use)

2. Formulation Considerations for Colloidal Silver Hydrogel

1. Selection of Colloidal Silver

Factor

Consideration

Particle Size

Ideal: 1-100 nm (smaller particles offer greater surface area and antimicrobial
effect)

Concentration

Usually 10-50 ppm (must be optimized for efficacy without toxicity)

Purity

Free from contaminants and stabilizers that may cause irritation

Stability

Stable colloidal system with minimal aggregation or precipitation

2. Gelling Agents

Gelling agents form the hydrogel base, and they must be compatible with silver.

Agent Properties
Carbopol (Carbomer) Common synthetic polymer; good clarity, pH-sensitive
Sodium Alginate Biopolymer; good for wound healing, biocompatible

Hydroxyethyl Cellulose (HEC)||Nonionic, biocompatible; moderate viscosity

Chitosan

Natural polymer with inherent antimicrobial activity

Poloxamer 407 Thermoresponsive; forms gels at body temperature

3. Water Quality :Use deionized or distilled water to avoid ionic reactions that can destabi-
lize silver nanoparticles. Avoid chloride ions (can precipitate silver chloride).

4. Stabilizers / Surfactants: May be added to prevent agglomeration of silver particles:
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Example Role

Citrate Acts as a reducing and stabilizing agent

Tween 80 Nonionic surfactant to maintain dispersion

PVP (Polyvinylpyrrolidone)||Stabilizes particles and can enhance skin adhesion

5. pH Adjustment

Ideal pH: 6.0-7.5
Avoid strong acids or bases, which can oxidize or reduce silver particles.
Use triethanolamine (TEA) for pH adjustment when using Carbopol.

6. Preservatives (Optional)
If necessary, choose preservatives that:

° Are non-reactive with silver
Have minimal skin irritation risk
Examples: Phenoxyethanol, EDTA (if compatible)

7. Packaging

Use light-resistant containers (amber bottles or opaque tubes) to prevent photodegra-
dation of silver.
o Use non-metallic containers to avoid ion exchange reactions.

8. Sterilization

Aseptic processing preferred.
Autoclaving not recommended (can destabilize silver).
o UV sterilization or microfiltration may be used with caution.

Formulating colloidal silver hydrogel requires careful control of pH, silver stability, gelling
agent compatibility, and packaging. It holds great potential in wound healing but must be op-
timized for safety and efficacy through controlled formulation and testing.

3. Preparation Method of Colloidal Silver Hydrogel

1. Materials Required

Ingredient Purpose

Colloidal silver solution (10-50 ppm) Active antimicrobial agent

Gelling agent (e.g., Carbopol 940, Sodium Alginate,/|Forms the hydrogel matrix
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Ingredient Purpose
HEC, Chitosan)

Adjusts pH and activates gelling

Neutralizer (e.g., Triethanolamine, NaOH) agent

Purified/Deionized Water Solvent base

Improves skin feel, stability, and

Optional: Glycerin, PVP, Preservatives shelf life

2. Procedure (Using Carbopol 940 as Gelling Agent)

Step 1: Preparation of the Gel Base

1. Weigh required amount of Carbopol 940 (typically 0.5-1.0% w/w).

2. Slowly sprinkle into deionized water while stirring gently to avoid clumping.
3. Allow hydration for 2—4 hours (may leave overnight at room temperature).
4. Use a magnetic stirrer or mechanical mixer to ensure uniform dispersion.

Step 2: Addition of Colloidal Silver

5. Add colloidal silver solution slowly into the hydrated gel base.
6. Stir gently and continuously to ensure homogeneous mixing.
7. Avoid using metal stirrers or vessels (reacts with silver).

Step 3: pH Adjustment and Gel Formation
8. Add Triethanolamine (TEA) dropwise to adjust the pH to ~6.8-7.2.
9. Upon neutralization, the dispersion forms a clear to opaque gel.

Step 4: Addition of Optional Ingredients
10. Add glycerin (2-5%) to improve skin moisturization and gel smoothness.
11. Add preservatives only if required (ensure they are non-reactive with silver).

Step 5: Final Mixing and Packing

12. Perform final mixing to ensure uniform consistency.

13. Remove air bubbles by allowing the gel to stand or apply mild vacuum.

14. Fill into light-protective, non-metallic containers (e.g., HDPE, amber glass).

4. Evaluation procedure of Colloidal Silver Hydrogel

1. Organoleptic Evaluation

Parameter ||Observation

Appearance|| Transparent or slightly opaque gel

Color Pale yellow to gray (depending on silver content)
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Parameter |[Observation

Odor Characteristic or odorless

Texture Smooth, non-gritty, spreadable

2. pH Measurement

Target Range: 6.0 — 7.5 (skin-compatible, avoids irritation)
Method: Use a calibrated digital pH meter

Adjust with Triethanolamine (TEA) or NaOH if required.

3. Viscosity
Indicates flow behavior and spreadability

Method: Brookfield Viscometer
Viscosity depends on gelling agent (e.g., Carbopol, HEC)

4. Spreadability
Ensures ease of application on the skin
Method: Slide or parallel plate method

e Formula:
Spreadability=MxL/T
e  Where:

e M =weight tied to upper slide
e L =length moved by slide
e T =time taken

5. Drug Content (Silver Assay)

e Determines actual silver concentration in the hydrogel
e  Method:

e Atomic Absorption Spectroscopy (AAS)

e Inductively Coupled Plasma (ICP)

e Target content: e.g., 10-50 ppm of silver

6. Particle Size and Distribution (of Silver)

Affects stability and antimicrobial efficacy

Method: Dynamic Light Scattering (DLS) or Nanoparticle Tracking Analysis (NTA)
Ideal range: 1-100 nm

7. Zeta Potential
Measures surface charge and stability of silver particles
Zeta potential > £30 mV indicates stable dispersion
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oo

. Microbial Limit Test / Sterility
Especially for wound care and ophthalmic gels
Method: Plate count method or membrane filtration
Acceptable microbial load per pharmacopeial standards (IP/USP/Ph. Eur.)

(o]

. Antimicrobial Efficacy Test
To confirm bioactivity of colloidal silver
Method:
Agar well diffusion or disk diffusion
Zone of inhibition against bacteria like S. aureus, E. coli, P. aeruginosa

10. In-vitro Drug Release / Permeation Study
Assesses release profile of silver

Method:

Franz diffusion cell

Dialysis bag technique

Medium: Phosphate buffer (pH 7.4)
Measurement via UV or AAS

11. Stability Studies

Conduct as per ICH Guidelines (Q1A)

Conditions:

Accelerated: 40°C + 2°C / 75% RH + 5% for 3-6 months
e Long-term: 25°C £ 2°C / 60% RH + 5%

Observe:

e Physical changes (color, separation, precipitation)

e pH, viscosity, drug content, and microbial load

12. SKkin Irritation / Compatibility Test (Optional)
e In-vivo on animal models or in-vitro using reconstructed skin models
e  Confirms non-irritant nature of the gel

5. Regulatory Requirements for Colloidal Silver Hydrogel

1. Product Classification

The regulatory pathway depends on how the product is intended to be used:

Classification |Regulatory Authority Example

FDA (USA), CDSCO (India), EMAJ|/Antimicrobial wound healing
Drug

(Europe) hydrogel
Medical FDA (USA), CDSCO (India), CE|/Silver-impregnated wound dressing
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Classification ||Regulatory Authority Example
Device (EU MDR)

Skin-soothing gel (without therapeutic

Cosmetic Lower regulatory requirements .
claims)

2. Indian Regulations (CDSCO / D&C Act)

If marketed as a medicated hydrogel or drug product:

e Regulated by: Central Drugs Standard Control Organization (CDSCO)
Requirements:

e Formulation dossier (Form 44 if new drug)

e  Stability studies (as per Schedule Y and ICH guidelines)
e Clinical data (if required for novel use or concentration)
e Labeling compliance (as per Drugs and Cosmetics Rules)
e  Manufacturing license under GMP-certified facility

If marketed as a medical device (Class B or C):

e Regulated by: CDSCO Medical Device Division
Requires:

e Device registration under MDR, 2017

e Essential Principles Checklist (ISO 13485 compliance)

e Biocompatibility and risk assessment (ISO 10993 series)
e Performance evaluation data

3. U.S. FDA Requirements

If sold as a drug (OTC or Rx):

e Monograph status not granted for colloidal silver

e FDA has declared colloidal silver unsafe and ineffective for systemic or topical drug use
without approved NDA.

e Cannot make therapeutic claims unless backed by clinical trials and NDA.

If sold as a medical device (e.g., silver-impregnated dressing):

e 510(k) clearance required for substantially equivalent devices.
e Must provide:

e Biocompatibility data

e  Sterility assurance

e Labeling and Instructions for Use (IFU)

e Bench and clinical performance data
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4. European Union (EU MDR)

Classified as Medical Device (Class Ila or Ilb) under EU Medical Device Regulation (EU

MDR 2017/745).
Requires:
e CE Marking

e Conformity assessment via Notified Body

e Clinical Evaluation Report (CER)

e Technical file including design, risk analysis, and performance data
e Compliance with ISO 10993, I1SO 13485, and 1SO 14971

5. Quality and GMP Requirements

Standard Requirement

GMP Compliance||As per WHO GMP / Schedule M (India) / FDA 21 CFR 210 & 211
ISO 13485 For medical device quality management

ISO 10993 Biocompatibility and toxicology testing

ICH Q1-Q6 Quality guidelines for drug development

Stability Studies ||As per ICH Q1A (accelerated & long-term)

6. Labeling and Claims

No false or unapproved therapeutic claims (e.g., “cures infection,” “treats all wounds”).
Must include:

e Concentration of colloidal silver

e  Storage conditions

e Warnings (e.g., not for internal use)

e Batch number, Mfg/Exp dates, Net weight

7. Documentation Checklist

Document Required For

Product Dossier (CTD Format) Drug or device approval
Composition & Formula Quality control

Batch Manufacturing Record (BMR)||GMP compliance
Analytical Method Validation Assay and quality testing
Certificate of Analysis (CoA) Product release
Toxicology & Biocompatibility Device or drug safety
Clinical Evaluation/Trial Data If required for approval
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Note: Safety Warnings

e FDA (USA) has issued warnings against colloidal silver products marketed as cures for
serious diseases.

e Must avoid internal use claims and ensure safe concentration limits for topical use.

The regulatory path for colloidal silver hydrogel depends on its intended use, claims, and
composition. If marketed as a medical device, it must comply with device-specific standards
(e.g., ISO, CE, FDA 510(k)). If marketed as a drug, it must meet stricter requirements
including clinical proof, quality assurance, and safety evaluations. Always consult your local
regulatory authority before product development or marketing.

6. Current Trends in Colloidal Silver-Based Hydrogel

1. Advanced Wound Care Applications

Silver hydrogels are being widely used in burns, diabetic ulcers, pressure sores, and
surgical wounds.

Enhanced by nanotechnology, colloidal silver ensures broader-spectrum antimicrobial
activity, especially against multidrug-resistant (MDR) strains.

2. Incorporation of Natural Bioactives

Blending with herbal extracts (e.g., aloe vera, curcumin, neem) for synergistic wound
healing and anti-inflammatory action.

Demand for "green" or plant-based silver nanoparticles using eco-friendly synthesis
methods is rising.

3. Smart Hydrogels

Development of stimuli-responsive hydrogels (responsive to pH, temperature, enzymes,
or light).

Used for controlled silver ion release, reducing toxicity and improving therapeutic
efficiency.

4. Multifunctional Hydrogels
Combination of antimicrobial, anti-inflammatory, antioxidant, and regenerative effects.
Includes growth factors, chitosan, or collagen to support faster tissue regeneration.

5. Use in Medical Devices

o Integrated into wound dressings, catheters, and contact lenses to prevent biofilm
formation and infection.
o Regulatory-approved silver-based devices are seeing increased demand in hospital

and home care.
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6. Cosmeceutical and OTC Markets

Emerging use in acne gels, skin creams, and personal care products due to silver’s anti-
inflammatory and antimicrobial properties.

Marketed as “natural” or “non-antibiotic” solutions.

7. Future Aspects and Research Directions

1. Personalized and 3D-Printed Hydrogels

Customizable silver-loaded hydrogels using 3D bioprinting for patient-specific wounds
or implants.

Incorporation of sensors in smart hydrogel matrices for real-time infection or moisture
monitoring.

2. Hybrid and Composite Hydrogels

Development of composite hydrogels combining colloidal silver with:

e Zinc oxide, graphene oxide, or carbon nanotubes for enhanced antibacterial and
mechanical strength.

Magnetic or electrically conductive materials for wound stimulation therapy.

3. Improved Safety and Biocompatibility

e Focus on minimizing silver toxicity through dose control, slow-release mechanisms, and
encapsulation.

Research on biodegradable and non-irritating polymers for longer wear and better skin
compatibility.

4. Regulatory Acceptance and Standardization

e Push for global harmonization of silver hydrogel regulations (GMP, 1SO, FDA
guidelines).

Development of standardized in-vitro models and validated clinical trials to support
safety and efficacy.

5. Antiviral and Pandemic-Driven Applications

Exploration of colloidal silver hydrogels in antiviral applications (e.g., topical use for
herpes, COVID-related lesions).

Future potential in barrier creams, hand sanitizers, and nasal sprays with sustained
protection.

6. Integration with Telemedicine
Smart hydrogel dressings may enable remote monitoring via mobile apps and sensors to

track wound healing status.
Colloidal silver-based hydrogels are evolving from basic antimicrobial gels to smart,
multifunctional, and personalized wound care systems. Future innovations will focus
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on safety, controlled delivery, regulatory approval, and integration with digital
healthcare, making them a key component in advanced biomedical therapies.

8. Mechanism of Silver Release from Hydrogel Matrix

1. Diffusion-Controlled Release

Silver nanoparticles or ions diffuse through the porous hydrogel network and are gradually
released to the wound site.

e Follows Fick’s Law of Diffusion:

dC
J=—-D—
dx

Where J = flux, D = diffusion coefficient, C = concentration.

2. Swelling-Controlled Release
Upon contact with wound exudate, the hydrogel swells and increases porosity, facilitating
silver diffusion.

3. Degradation-Controlled Release
In biodegradable hydrogels (e.g., chitosan-based), silver is released as the polymer degrades
over time.

4. lon Exchange
Silver ions may be released via exchange with wound-site cations (e.g., Na‘, K*) in the

moist environment.

9. Factors Affecting Silver Release

Factor Impact

Hydrophilic polymers (e.g., Carbopol, alginate) swell more and

Type of Polymer .
yp y release silver faster

Cross-linking Density  |High crosslinking slows release by reducing pore size

pH of the Environment ||Acidic pH may enhance silver ion solubility and release

Temperature Elevated temperature (e.g., body temp) can accelerate diffusion

Silver Form Ionic silver (Ag") releases faster than metallic or encapsulated forms

Hydrogel Degradation

Faster degradation = faster silver release
Rate
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10. In Vitro Silver Release Studies

1. Franz Diffusion Cell Method

pH 7.4)
Conditions

: 37°C, continuous stirring
Sampling: Periodic withdrawal and replacement of medium

http://ymerdigital.com

Setup: Donor compartment (silver hydrogel), receptor compartment (phosphate buffer

e Analysis: Silver concentration measured via:
UV-Vis spectroscopy
Inductively Coupled Plasma—Mass Spectrometry (ICP-MS)
Atomic Absorption Spectroscopy (AAS)

2. Dialysis Membrane Method
e Hydrogel is placed in a dialysis bag submerged in buffer
e Samples collected over time from the external medium

11. Storage of Colloidal Silver Hydrogel for Wound Healing

1. Storage Conditions

Parameter |[ldeal Range Reason
15°C - 25°C room|[To prevent degradation or aggregation of silver
Temperature ( P g_ g9
temperature) nanoparticles

Humidity < 60% RH Excess moisture can destabilize the gel
Light . : - . -

g Ehos Protect from light (UV &|Silver is light-sensitive and may oxidize or

P sunlight) discolor
ure

. K tai tightl I . . .

Air Exposure °ep cl((:):(ra] dalner 'gntly Prevents oxidation and microbial contamination

2. Container Requirements

Feature|Details

Type

Use opaque or amber-colored plastic or glass containers (e.g., HDPE, PET, amber

glass)

Material||Non-metallic to avoid ion exchange or silver precipitation

Closure ||Air-tight, tamper-evident caps to prevent microbial contamination and evaporation
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3. Stability Concerns

Risk Outcome
Light . . . o .
May cause color change, silver ion degradation, and reduced antimicrobial
exposu .
re activity

Heat exposure ||Can lead to gel liquefaction or increased particle aggregation

Improper storage can introduce microbes, affecting product sterility and shelf
life
pH drift Can affect the consistency and effectiveness of silver release

Contamination

4. Labeling Requirements

e Labels should clearly indicate:

e “Store in a cool, dry, and dark place”

e “For external use only”

e  “Do not use if discolored or contaminated”
e Storage temperature range (e.g., 15-25°C)
e Batch number, Mfg/Exp dates

5. Shelf Life Estimation

Typically 6-24 months, depending on formulation and packaging.

Must be supported by real-time and accelerated stability studies under ICH guidelines
(e.g., 25°C/60% RH and 40°C/75% RH conditions).

6. Transport Considerations

Avoid exposure to heat, sunlight, and physical agitation.

If cold chain is used, do not freeze (freezing may break gel structure and destabilize
nanoparticles).

11. Conclusion

Colloidal silver hydrogel represents a promising and effective therapeutic approach for
wound healing due to its broad-spectrum antimicrobial activity, moisture-retentive nature,
and biocompatibility. The incorporation of silver nanoparticles into hydrogel matrices
enhances wound healing by preventing infection, reducing inflammation, and promoting
tissue regeneration.

The hydrogel provides a sustained and controlled release of silver ions, ensuring prolonged

antimicrobial effects while minimizing cytotoxicity. Its hydrated environment supports faster
epithelialization and minimizes scab formation and scar development.
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These study will be helpful to all the scholars as a guidance for formulation and development
of hydrogels. Overall, colloidal silver hydrogel is a safe, effective, and patient-friendly option
for managing acute wounds, burns, chronic ulcers, and post-surgical incisions. However,
further clinical studies are required to fully establish long-term safety, optimize dosage, and
assess potential resistance or toxicity with extended use.
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