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ABSTRACT 

Hyaluronic acid have excellent biocampatability so it is widely 

used in cosmeceutical formulations and also it is naturally 

occurring glycosaminoglycan .This reduces the scope for 

ratcheting up demand on Cosmeceuticals, making them a focus, 

which capture both element: improving skin social health/ as 

well appearance.HA is essential for skin hydration, elasticity, 

and structural integrity which has made it one of the major 

ingredients in contemporary skincare. This review discusses the 

chemistry, physicochemical properties and multifunctional 

excipient role of HA in topical formulations. The skin 

penetration, hydration potential and biological activity of HA is 

greatly affected by its behavior depending on the molecular 

weight. It is also discussed in the context of anti-aging, as well 

as skin repair and regeneration. Recent studies have shown that 

newer techniques are being used for drug delivery, including liposomes, hydrogels, 

microneedles and nanoencapsulation systems which improve the delivery route as well as 

stability and efficacy of HA containing products. Novel trends like hybrid formulations, 

personalized skincare and sensor-based systems are massively changing cosmeceuticals in the 

future as well. Moreover, HA has been proven to be safe with low toxicity and high 

tolerability in topical and injectable therapies. So, the conclusion is that hyaluronic acid 

shows a versatile & trusted biomolecule in the cosmeceuticals industry, because of 

continuous discoveries its performance, stability, and therapeutic potential in advanced 

skincare applications will be improved. 
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1. INTRODUCTION 

Cosmeceuticals are a quickly expanding  group of products that combine cosmetics and 

pharmaceuticals (Cosmeceuticals)  to  offering  people both cosmetic and health benefits. The 

word "COSMECEUTICALS" means  combination of cosmetic & pharmaceuticals  was 

coined to refer to topical products containing biologically active ingredients  that can make 

skin healthier and improving skin function. People are commmonly used these 

Cosmeceuticals  products a lot to treat skin problena like aging, hyperpigmentation, dryness, 

and photoaging.
[2,3]  

Dermatological research and formulation technology have made  

tremendous development over the years. This has resulted in the development of precisely 

targeted & more effective cosmeceutical products.
 [4] 

 

In the last few years, there has been interested in using natural and sustainable ingredients in 

cosmeceutical products. Probiotics and we see great interest in them for what they do 

regarding skin microbiota balance and also for improving the skin’s barrier function.
[5-7]

 Also 

they play a role in better hydration, in reducing inflammation, and in protecting against 

environmental stressors. 

 

 

Fig 1: Advancement of Cosmeceuticals. 
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 In the field of marine based resources which are very much at the fore we see microalgae put 

forth as very good sources of bioactive compounds for use in cosmeceuticals. What we find 

in them is very strong antioxidant, anti inflammatory and photoprotective action which makes 

them very good to put into topicals.
[8-10]

 Also, we see that in cosmeceuticals use of active 

ingredients like peptides and other functional molecules is common for the purpose of skin 

rejuvenation and to delay signs of aging.
[11,12] 

 

2. HYALURONIC ACID CHEMISTRY 

Hyaluronic acid (HA) also goes by hyaluronan; it is a natural linear polysac within the group 

of glycosaminoglycans. Wide spread in connective, epithelial, and neural tissues, it plays key 

role in the integrity and hydration of the skin.
[12] 

From a chemical point of view HA is made 

up of a repeat sequence of disaccharide units of D-glucuronic acid and N-acetyl-D-

glucosamine that are put together by alternating beta-(1-3) and beta-(1-4) glycosidic bonds.
 

[13,14]
 That structure which is very unique gives the molecule high polarity and hydrophilicity 

which in turn enables it to bind and hold a large amount of water. 

 

     

Fig 2.Chemical Structure of Hyaluronic Acid (HA). 
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Molecular weight of hyaluronic acid is ranging from thousands to millions, so come under 

the high molecular weight polymer. The molecular weight plays a great role in what it’s 

physicochemical and biological do out it’s viscosity, it’s elasticity, and it’s bioactivity for that 

matter.
[15] 

Also it is the polymeric form of HA that gives it it’s viscoelastic properties which 

in turn is what puts it in a class for maintaining skin moisture and turgor.  

 

Also what we note is that in terms of its chemical structure hyaluronic acid does not contain 

sulfate groups which is what sets it apart from other glycosaminoglycans. This lack of 

sulfation gives it very good biocompatibility and non immunogenic properties which in turn 

makes it a great fit for topical and medical use.
[14] 

  

Also we see that within it’s structure there are many hydroxyl, carboxyl and acetamido 

groups present which in turn enable it to be modified chemically and to interact with bio 

molecules.  These functional groups play a role in hydrogen bonding and electrostatic 

interactions which in turn improve its water retention capacity and stability in 

formulations.
[15] 

 

Also what we have seen in recent research is the issue of molecular weight based structural 

variations which play a role in the rate of degradation, permeability, and interaction with skin 

receptors. What we see is that low molecular weight HA tends to go in deeper into the skin, 

while high molecular weight HA does what it does to form a protective surface layer on the 

skin’s outer area.
 [16,17]

 

 

Also we see from advances in polymer science that there has been development of HA based 

nanostructures and derivatives which in turn improve stability and functional performance of 

cosmeceutical formulations.
 [16] 

These improvements see better target delivery and enhanced 

overall efficacy of hyaluronic acid in skin related applications. 

 

3. CHARACTERISTICS OF HYALURONIC ACID (HA)  

3.1 Structure of a Chemical and Hydrophilicity  

HA is a linear which is also a natural product made up of repeating disaccharides of D-

glucuronic acid and N-acetyl-D-glucosamine which are linked via beta(1-3) and beta(1-4) 

glycosidic bonds.
[17] 

 

Also it is very hydrophilic which it uses to form a water filled matrix that in turn maintains 

tissue hydration, elasticity and volume.
 [17,18]
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3.2 viscocity of HA 

HA viscosity is a function of molecular weight and concentration. What we see is that high 

molecular weight HA forms viscous and elastic gels which in turn provide structural support, 

at the same time low molecular weight HA offers better skin penetration.
[18] 

 

 

3.3 Water Retention Capacity of HA 

HA has the capacity to hold up to 1000 times its weight in water, which helps keep skin firm, 

and elastic, and hydration.
[17,19] 

Such characteristics are important for making cosmetics for 

minimizing dryness and make skin smoother.
 [19]  

 

3.4 Effect of molucular weight of HA 

The viscosity, elasticity, biodegradability, and biological action of HA depend upon its 

molecular weight.
[18]

 Low molecular weight HA helps in increases dermal penetration, 

whereas high-molecular- weight HA improves hydration and helps keep the skin strong.
[18] 

 

Molecular Weight Effects 

 

Fig 3: Molecular Weight Effects. 

 

3.5 Methods for analysis and characterization of HA 

Common methods to evaluate HA include: Also included are these which are common for 

HA evaluation:  

Molecular weight by size-exclusion chromatography  
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Chemical composition by spectroscopic methods.
[20]

 

These maintain consistency and quality in HA based formulations.
[20]  

 

3.6 Chemical altration 

Cross-linking HA helps to enhance stability, can make it more stronger, and resistance to 

enzymatic degradation. 
[21]

 Hyaluronic acid can retain its hydrating properties once modified 

through cross-linking and will broaden its use as an ingredient in cosmetics, drugs, and 

food.
[21] 

 

3.7 Characteristics of dermal fillers 

The performance of HA fillers depends on gel cohesivity, elasticity and viscosity.
[22] 

High elasticity → resists deformation , maintains shape and volume. 

Cohesiveness (high) → means in uniform integration with the tissue around it.
[22]

 

 

3.8 Clinical and rheological implications 

Elastic modulus (G'), viscosity and cohesiveness are rheological properties which determine 

the behavior of fillers in different tissues. 
[22]

 An appreciation of these things, will enable the 

clinicians to select the best HA product for cosmetic and medical purposes. 
[22] 

 

 

Table: 2   Physicochemical Properties of HA. 

Property Description Functional Significance 

Hydrophilicity Polar groups caused strong 

affinity towords the water 

Maintains hydration & 

moisture 

Viscosity It Depend on MW & 

concentration 

Improves texture, stability and 

spreadability 

Water Retention Hold thousand time more 

weight in water 

Overcome dryness & improves 

skin turgor 

Molecular Weight Effect Different behavior for low 

MW vs high MW  

Controls penetration and 

surface hydration 

Biodegradability By the  hyaluronidase 

enzymes 

Ensures safety and non-toxicity 

Chemical Modifiability Cross-linked or modified Enhances stability and 

controlled release 

Rheological Properties Has viscosity, elasticity, 

cohesiveness 

Determines performance in 

dermal fillers 

 

4. ROLE OF HYALURONIC ACID AS EXCIPIENT IN TOPICAL FORMULATIONS 

Due to its humectant, moisturizing and film-forming properties, hyaluronic acid (HA) is 

widely used in topical formulations. It pulls water from the dermis layer into the epidermis 
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layer, thus controlling osmotic pressure, regulating water balance which helps keep the skin 

hydrated resulting in moisture balance in the skin layer.
[23,24,26] 

 

 

Fig 4: MOA of HA. 

 

HA-based products like creams and gels increase skin elasticity, smoothness and help 

maintain a2s functional skin barrier, making HA an essential ingredient in both anti-aging 

and cosmetic products.
[23,25] 

Molecular weight of HA has a significant impact on its ability to 

penetrate into or through the skin: low molecular weigh HA penetrates to a greater degree, 

therefore providing increased hydration and repair of skin, while high molecular weight HA 

mainly has the role of maintaining moisture at the surface level of the skin.
[23,24,26] 

 

Topically applied hyaluronic acid has been proven through clinical trials to dramatically 

alleviate dry skin, improve skin texture (smooth, silky), and decrease the visible signs of fine 

line aging.
[26,28]

  Can be combined with other bioactive ingredients such as vitamins, peptides 

or plant extracts to further improve skin rejuvenation.
[27] 

 

The lyophilised sugar hyaluronic acid is an excellent dermal drug delivery system that acts as 

a medium for the delivery of a range of bioactive substances. Due to its physical and 

chemical properties, Hyaluronic Acid has a high viscosity, an ability to form a gel, and 

compatibility with the skin enhance the controlled release and sustained hydration of the 

product. All of these properties play an important role in the formulation of cosmetic and 

pharmaceutical topical products.
[23,24] 
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In addition, Hyaluronic Acid helps to create a film on the skin to prevent water loss and 

protects against environmental stress, which help in boosts the long-term enhancing the 

effectiveness of topical treatments.
[25,27] 

Nanocarrier and liposome (lipid encapsulated) 

formulations of HA are also available to improve the delivery and stability of co-formulated 

active ingredients.
[23,24,29] 

  

 

To summarize, HA in topical products serves both a functional purpose (improving texture, 

viscosity and stability) and provides a bioactive function (increased skin hydration, elasticity 

and anti-aging effects).
[23,29] 

 

5. APPLICATIONS OF HYALURONIC ACID IN COSMECEUTICALS 

5.1 Reversing signs of aging and wrinkles 

Hyaluronic acid (HA) is a popular ingredient in cosmeceuticals which it uses to improve skin 

hydration, elasticity, and the appearance of wrinkles.
[30,31]

 Also a great humectant, it draws in 

and locks in water in the epidermis and as a result maintains skin firmness and softness. In 

clinical research it was shown that topical application of HA and products which contain HA 

greatly improve fine lines and skin texture.  

 

5.2 Skin Repair and Regenrated  

HA is a key player in skin repair and wound healing which we see in its role in promoting 

cell proliferation, migration and extracellular matrix remodeling of.
[34,35]

 Also we see that HA 

based formulations are used post procedure (laser, chemical peels) in damaged skin to speed 

up the healing process and reduce inflammation of.
[34] 

Also it’s biocompatible and non-

immunogenic which makes it a great option for repeat topically application of.
 [35] 

 

5.3 Moisture and Skin Hydration 

HA is a great moisturizer by binding large amounts of water which in turn supports skin 

hydration and barrier function.
[36,33] 

Also it is reported that high molecular weight HA forms a 

protective film which in turn reduces transepidermal water loss, while low molecular weight 

HA gets in to the dermis for long term hydration.
[33]  

 

5.4 Delivery of Bioactive Ingredients 

 HA may function as a carrier or excipient in cosmeceutical products which in turn improves 

the delivery and results of co applied active ingredients like vitamins, peptides, or botanical 

extracts.
[32,33]

 Also it’s film forming property which is to say that it helps maintain the 
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stability of other actives while at the same time improve the sensory appeal of the 

products.
[33] 

 

5.5 Modern Applications 

Recent innoavtions have brought to the fore nanoencapsulation systems and mitochondria 

targeted HA formulations which in turn enable controlled release of bioactives and improved 

anti aging results. HA is also used in combination with other functional ingredients in 

cosmeceuticals which target skin whitening, elasticity and antioxidant activity.  

 

Applications of HA in Cosmeceuticals. 

Application Mechanism of Action Outcome / Benefit 

Anti-aging & Wrinkle 

Reduction 

Enhances hydration and supports 

collagen structure 

Reduces fine lines and 

improves skin firmness 

Skin Repair & 

Regeneration 

Promotes cell proliferation and 

tissue remodeling 

Accelerates wound healing 

and skin recovery 

Moisturizing / 

Hydration 

Binds and retains large amounts 

of water 

Maintains skin moisture and 

softness 

Drug Delivery / 

Carrier System 

Acts as a vehicle for bioactive 

ingredients 

Improves penetration and 

efficacy of actives 

Barrier Protection 
Forms protective film on skin 

surface 

Reduces transepidermal water 

loss (TEWL) 

Skin Texture 

Improvement 
Enhances hydration and elasticity 

Provides smooth, soft, and 

glowing skin 

Post-procedure Care 
Reduces inflammation and 

supports repair 

Speeds recovery after 

cosmetic treatments 

 

6. KEY ADVANCES IN HA-BASED COSMECEUTICALS. 

 Recent reports investigated the use of HA in different advanced formulations as nanocarriers, 

hydrogels, and microneedles for improved penetration through the skin, stability, and 

therapeutic efficacy.
[39,46]

 

 

6.1 HA Microneedles  

Microneedle delivery of HA is a minimally invasive and painless approach for the delivery of 

actives through the stratum corneum into the deeper layers of the skin. In addition to 

improving skin hydration and collagen synthesis, dissoluble HA microneedle arrays can be 

used as a vehicle for transdermal delivery of co-formulated bioactives such as vitamins, 

peptides, or plant extracts.
[41,42]  
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6.2 Liposomal and Nanocarrier Systems 

These carriers we see to present sustained release, better skin penetration and reduced 

systemic exposure in to the picture.
[43,44] 

Also HA coating reports to increase biocompatibility 

and receptor targeted delivery thus which in turn enhances the efficacy in anti aging and 

regenerative applications of HA based products.
[43] 

 

6.3 Hydrogels  

HA hydrogels are known to form a 3-D network capable of incorporating large amounts of 

water, and therefore helps to maintain skin hydration. HA hydrogels can also be used as a 

reservoir for the delivery of bioactives. Hydrogels can be employed on their own, or 

incorporated in microneedle systems for improved efficacy and patient compliance.
[44,45]  

 

6.4 Clinical Applications and Innovations 

Recent data reports that HA microneedles and liposomal systems improve wrinkle reduction, 

skin elasticity, and in total skin appearance. In advanced formulations we see support for 

wound healing, post procedure repair and anti inflammatory delivery which in turn gives a 

prolonged effect, minimized irritation and improved cosmeceutical performance.
 [39,41,46] 

Also 

we note that HA based liposomes and nanoparticles improve the solubility, stability and 

bioavailability of the enclosed actives. 

 

7. RECENT ADVANCES 

 
Fig 5: Modern innovation in Hyaluronic Acid. 
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There have been considerable advances in the cosmeceutical use of HA, centring on the 

development of novel delivery systems, combinations and formulations to enhance hydration, 

anti-aging and targeted delivery.
[47,55] 

 

7.1 Microneedle-Based Delivery 

Micron needle patches provide pain free transdermal delivery of products which in turn 

improves HA bioavailability and also that of other actives.
[47,49]

 As for design variables which 

include needle length, density, and polymer make up we see that they in fact improve the 

safety and efficacy of the product.
[47] 

Also we see that HA microneedles are great for 

delivering liposome enclosed bioactives which in turn gives us a controlled release and skin 

regeneration effect.
 [48,50]

 

  

7.1 Liposomes and Nanocarriers 

HA based liposomes and nanoparticles improve stability, penetration, and also extended 

release of cosmetic actives.
[48,51]

 We see that vitamins, peptides, or herbal extracts’ 

encapsulation which in turn improves anti aging and skin repair results.
[48] 

Also we report that 

which which soluble HA microneedle arrays paired with RGD modified liposomes did play a 

role in better therapeutic results and reduced pain during photodynamic therapy.
[52] 

 

7.3 Hydrogels and Hybrid Systems 

HA hydrogels are key for hydration, elasticity, and release of bioactives.
[53]

 Hybrid systems 

composed of HA and polymers or nanoparticles have emerged as cosmeceutical 

multifunctional formulations for targeted delivery, sustained activity, and biocompatibility.
[54] 

 

7.4 New Directions  

New directions in HA cosmeceuticals include smart delivery systems, stimuli-responsive 

formulations, and nanoencapsulation technologies,to enhance skin penetration, efficacy, and 

safety.
[ 47,49,51]

 These advances improve hydration, anti-aging effect, and bioavailability of co-

formulated actives, showcasing the latest developments in HA applications. 

 

8. SAFETY AND TOXICITY 

HA is put forth as a safe and biocompatible material for topical, injectable, and dermal use. 

Also, due to its low immunogenicity as well as that fact that it naturally occurs in human skin 

we see it used in long term cosmeceutical applications also which it does very well. 
[55,58] 
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8.1 Topical Safety  

Topical HA based formulations like gels, creams and serums show very good tolerability, out 

issue very little in the way of irritation or allergic reactions we see that in very sensitive 

people also we did not see that its safety is compromised when HA combines with other 

bioactive compound.
[57,58] 

 

8.2 Injectable Safety  

HA used in dermal fillers is for the most part safe, what side issues we see are of a mild 

temporary nature such as swelling, redness, or bruising. Very serious problems like 

granuloma or vascular occlusion are rare but can be avoided by proper technique.
[59,60] 

 

8.3 Wound Healing and Therapeutic Uses  

HA plays a role in tissue repair and also in the reduction of inflammation in cases of wound 

healing and vulvar/vaginal health issues, also we note that the adverse event profile for these 

uses is low.
[61] 

 

Profile of HA 

Type Safety Level Side Effects 

Topical Very safe Rare irritation 

Injectable Safe Mild swelling 

Therapeutic Safe Minimal risk 

 

9. FUTURE TRENDS OF HA  

 

Fig. 6 : FUTURE OF HA. 
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HA plays major role in the cosmoceutical industry beacause of its function like hydration, 

skin regenaration and biocampatability. Present day research reports into the development of 

better formulations, personal care approaches which are tailored to the individual, and new 

delivery systems to better the cosmetic and therapeutic results.
[63,68] 

 

 

9.1 Multifunctional and Hybrid Formulations. 

Hyaluronic acid we see to be used in combination with other bioactive agents like 

nicinamide, peptides, and plant derived antioxidants. These hybrid systems which in turn 

improve skin penetration, improve stability, and present synergistic effects for great anti-

aging results.
[63,65] 

Also we see that these formulations address multiple skin issues which 

include wrinkles, dehydration, reduced elasticity and in the process improve skin health and 

appearance.
[63] 

  

9.2 Smart Skincare & Sensor-Based Skincare  

Advances in wearable & sensor-based technologies are allowed the integration of smart 

systems into cosmeceutical formulations. Sensors can monitor parameters pH, like skin 

hydration, & environmental exposure, allowing real-time adjustments in formulation delivery 

when they will combine with hyaluronic acid based product.
[66] 

By this way enhances product 

safety, efficacy, & patient compliance, particularly in patient with sensitive or aging skin.
[66] 

 

 

Fig. 7: Smart Skincare System. 
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 9.3 Emerging Delivery Technologies 

 Novel drug delivery platforms like nanoencapsulation, liposomes, microneedle patches, and 

stimuli responsive carriers have improved the penetration and bioavailability of hyaluronic 

acid also report that they do for
[64,67]

 Also we see that these systems which provide a 

controlled and sustained release of active ingredients, reduce irritation and which in turn 

enhance therapeutic results. These technologies are a great advance in transdermal and 

targeted drug delivery also see ref.
[64] 

 

CONCLUSION 

Hyaluronic acid is a highly versatile & multifunctional biomolecule whicha have significant 

importance in cosmeceutical products because of its superior hydrating, biocompatible, & 

non-immunogenic properties. Because of its special physicochemical properties, including as 

its high water retention capacity and viscoelastic behavior, it can effectively improve the 

hydration, elasticity, and general health of the skin. The molecular weight dependent activity 

of hyaluronic acid further increase its functionality in both surface hydration & deeper skin 

penetration.  

  

New achievement in technologies of formulation such as liposomes, hydrogels, microneedles, 

& nanoencapsulation systems are improved in the delivery, stability, & efficacy of 

Hyaluronic Acid in topical applications. In addition, the development of hybrid formulations 

combining HA with other bioactive compounds has enabled synergistic effects for enhanced 

anti-aging and skin regeneration outcomes. Make an strategies such as personalized skincare 

& smart sensors -based technologies are anticipated to further transform  Hyaluronic Acid 

based cosmeceuticals.  

  

Hyaluronic Acid shows an excellent safety with minimum side effects,which  makes it 

suitable for long-term use in cosmetic & dermatological applications. Future research will 

focus on advanced delivery systems, increasing formulation stability, & exploring novel 

applications to increase its therapeutic potential. Hyaluronic acid is important component in 

the development of innovative, safe, & effective cosmeceutical products. 
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