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Abstract 

Hydrogels have emerged as advanced drug delivery systems in novel cosmetics, offering 

controlled release, enhanced bioavailability, and improved stability of active ingredients. Their 

three-dimensional polymeric network enables high water retention, making them suitable for skin 

hydration and targeted therapy. This review explores the formulation, advantages, mechanisms, 

and applications of hydrogel-based drug delivery in cosmetics. The article further highlights recent 

advancements, challenges, and future prospects in this field 
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1. Introduction 

The cosmetic industry is rapidly evolving with novel formulations incorporating advanced drug 

delivery systems. Hydrogels, composed of hydrophilic polymer networks, have gained attention 

for their ability to encapsulate and release active ingredients in a controlled manner (Caló & 

Khutoryanskiy, 2015). Their biocompatibility, tunable mechanical properties, and ability to 

enhance permeation make them ideal for skincare formulations (Basu et al., 2019). This review 

discusses the role of hydrogels in modern cosmetics, focusing on their formulation, applications, 

and technological advancements. 

 

2.1 Composition-Based Classification 

Natural Hydrogels: Composed of biopolymers such as alginate, chitosan, hyaluronic acid, and 

collagen, offering excellent biocompatibility and biodegradability (Chang & Zhang, 2011). 

Synthetic Hydrogels: Made from polymers like polyvinyl alcohol (PVA), polyethylene glycol 

(PEG), and polyacrylamide, providing mechanical stability and tunable properties (Bawa et al., 

2009). 

 

2.2 Crosslinking Mechanism 

Physically Crosslinked Hydrogels: Formed through hydrogen bonding, hydrophobic 

interactions, and ionic interactions, leading to reversible gel formation (Baldwin & Kiick, 2010). 

Chemically Crosslinked Hydrogels: Involves covalent bonding, enhancing structural stability 

and controlled drug release (Alvarez-Lorenzo et al., 2017). 
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Table 1. Classification of Hydrogels in Cosmetic Applications 

Type Example Characteristics Applications 

Natural Hydrogels Hyaluronic,  

Chitosan, 

Alginate 

Biodegradable, 

Biocompatible 

 

Moisturizers, 

Anti-Aging Creams 

Synthetic Hydrogels PVA, PEG, 

Polyacrylamide 

 

High Stability, 

Tunable Properties 

Controlled Drug 

Release, 

UV Protection 

Physical Crosslinked Agarose Pectine Reversible Gel 

Formation 

Skin Hydration 

Serums 

Chemically 

Crosslinked 

PEGDA Polyacrylate Permanent Structure Acne Treatments, 

Sunscreen 

 

3. Mechanisms of Drug Release in Hydrogel-Based Cosmetics 

Hydrogels facilitate sustained and targeted release through various mechanisms: 

Diffusion-Controlled Release: Drug molecules diffuse through the hydrogel matrix based on 

concentration gradients (Bajpai et al., 2008). 

Swelling-Controlled Release: Polymer swelling regulates the release of encapsulated bioactives 

(Boateng et al., 2008). 

Stimuli-Responsive Release: pH-sensitive, temperature-responsive, and enzyme-triggered 

hydrogels allow on-demand release (Borges et al., 2014). 

 

Table 2: Mechanisms of Drug Release in Hydrogel-Based Cosmetics 

Mechanisms Description Examples 

Diffusion - Controlled Drug Diffuses Out of the 

Hydrogel Matrix 

Vitamin C, 

Retinol Formulations 

Swelling - Controlled 

 

Hydrogel Swells  

and Releases the Active 

Ingredient 

Moisturising Gels, 

Hyaluronic Acid 

Stimuli - Responsive Ph. or Temperature - 

Sensitive Hydrogels Control 

Drug Release 

Anti - Aging Peptides, 

Sunscreens 

 

 

4. Applications in Novel Cosmetics 

With advancements in nanotechnology and biomaterials, hydrogel formulations are becoming 

more sophisticated and customized for specific skin needs. The integration of nanogels, stimuli-

responsive hydrogels, and hybrid hydrogel systems has expanded the scope of hydrogel-based 

drug delivery in dermatological and cosmetic formulations (Vashist et al., 2014; Ullah et al., 2015). 

For example: 

Nano-Hydrogel Systems – Improve active ingredient stability and penetration. 

Stimuli-Responsive Hydrogels – Release active compounds in response to pH, temperature, or 

UV exposure. 

Hybrid Hydrogels – Combine natural and synthetic polymers for enhanced performance. 

 

Hydrogels have been widely incorporated into skincare and personal care products for various 

applications: 
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4.1 Moisturizing and Hydration 

Hyaluronic acid-based hydrogels provide deep hydration by retaining moisture in the skin barrier 

(Caló & Khutoryanskiy, 2015). 

 

4.2 Anti-Aging and Wrinkle Reduction 

Encapsulation of retinol, peptides, and antioxidants in hydrogels enhances penetration and efficacy 

while minimizing irritation (Basu et al., 2019). 

 

4.3 Acne and Blemish Treatment 

Hydrogels loaded with salicylic acid, benzoyl peroxide, or niacinamide enable targeted delivery, 

reducing side effects associated with conventional formulations (Anjum et al., 2016). 

 

4.4 Skin Lightening and Pigmentation Control 

Hydrogel-based delivery of kojic acid, vitamin C, and arbutin ensures slow release for prolonged 

skin brightening effects (Chen et al., 2014). 

 

4.5 Sunscreen and UV Protection 

Photoprotective hydrogels stabilize UV filters, preventing photodegradation and enhancing SPF 

performance (Bajpai & Pathak, 2016). 

 

5. Recent Advancements in Hydrogel-Based Cosmetics 

Nano-Hydrogel Systems: Integration of nanoparticles with hydrogels for enhanced penetration 

(Cheng et al., 2023). 

Smart Hydrogels: pH-sensitive and temperature-responsive hydrogels for personalized skincare 

(Bawa et al., 2009). 

Bioactive-Loaded Hydrogels: Enrichment with probiotics, vitamins, and growth factors for 

multifunctional benefits (Borges et al., 2014). 

 

Table 3: Recents Advancements in Hydrogel- Based Cosmetics Formulations 

Advancements Key Benefits Examples In Cosmetics 

Nano- Hydrogel  

Systems 

Enhanced Penetration and 

Stability 

Anti-Aging Serums 

Smart Hydrogels Responsive to Environmental 

Changes 

Ph. Sensitive Creams 

Bioactive Hydrogels Improved Skin Repair 

Hydration 

Peptide-Loaded Moisturizers 

 

6. Challenges and Future Perspectives 

Despite their advantages, hydrogel-based cosmetics face challenges, including stability issues, 

scalability in manufacturing, and regulatory considerations. Future developments should focus on 

optimizing hydrogel formulations, exploring biodegradable alternatives, and integrating 

nanotechnology for improved functionality (Caló & Khutoryanskiy, 2015). 

 

7. Conclusion 

Hydrogel-based drug delivery systems have revolutionized the cosmetic industry by providing 

enhanced efficacy, controlled release, and improved user experience. Advancements in hydrogel 



 

 

 

[20] 
 

Journal of Advanced Multidisciplinary  

Research Studies and Development 

 

ISSN : 2583-6404 

Jan - Feb 2025 

Volume No.: 04, Issue No.: 01, 2025  

technology hold great promise for next-generation cosmetic formulations, addressing consumer 

demands for effective and innovative skincare solutions. 
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