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ABSTRACT: 

Hydrogels are a 3D cross-linked network of hydrophilic polymers that can retain a large amount of the water and can 

quickly absorb water hence showing the hydration property in the cosmetic field. Hydrogel is extremely versatile and 

environment friendly and multifunctional across a variety of industries. With the unique textured gel, Hydrogel eye 

patches are Beauty products. Hydrogels can be used for hygiene products, medical applications, smart wound healing, and 

drug delivery as sustained-release formulations. The marketed products of hydrogels are Hydroheal gel, Hyaluheal, 

Hydrogel eye patch, hydrogel face patch, hydrogel sunblock, etc. The main concerns with the eyes are the 

hyperpigmentation around the eyes, wrinkles, fine lines, and puffiness. Hydrogel eye patches work by targeting dark 

circles, wrinkles, and fine lines and help reduce puffiness. Eye patch and patches in addition can hydrate and nourishes 

the skin with the high-quality ingredient hydrogels. Your eyes are the most delicate part of your skin, with hydrogel 

formulas gently rejuvenating your skin without irritating. The purpose of this paper is to present a brief review of the 

basic concept of the hydrogels eye patch, eye patch, and its applications. 
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INTRODUCTION: 

As individuals mature, the skin loses its ability to renew itself. The skin within the space below the eyes is especially prone to the 

aging method as a result of its thinness. It may be a major cosmetic drawback, and plenty of people get treatment for this 

condition, however, there are few investigations relating to the cause and tiny analysis into the potential treatment of this 

condition. This condition affects people of a large variety of ages, both sexes, and all races. Moreover, it worsens with the 

aging method of skin sagging and altered hypodermic fat distribution. Cosmetic conditions that area unit neither health-

threatening nor related to important morbidity however they may affect the individual’s emotional well-being area 

unit gaining exaggerated attention. 

As a result, it's common to develop wrinkles under the eyes over time. Superficial wrinkles are related to textural changes within 

the skin surface caused by intrinsic aging and photoaging of topographically defined areas. The fine lines of wrinkling is 

also discrete initially so, over time, become grouped and multidirectional. Causes of Wrinkles- UV Rays- If you don’t use the 

required eye protection, the UV rays will start breaking the collagen in your skin. this may cause wrinkles and fine lines. 

Environmental pollution also can cause wrinkles. Smoking- This habit exposes the skin to extra oxidative stress, which breaks 

the collagen and elastin. This further restricts nutrients from reaching the blood vessels of the face as they get narrow restricting 

the bloo Grammar d circulation which causes wrinkles. High Sugar Diet- Food with high sugar content is low on 

antioxidants and may fasten the aging process resulting in fine lines and wrinkles under the eyes. 

Infraorbital dark circle refers to conditions that present with relative darkness of the infraorbital eyelids. Infraorbital dark circles 

are a condition that can be a significant beauty concern for womanish cases. Although it's a condition that doesn't beget morbidity, 

it can impact the quality of life from the medical point of view. Having infraorbital dark circles makes you look tired, sad, or 

hungover. General fatigue, especially lack of sleep, worsens dark circles under the eyes. 

The eyelids are the thinnest skin in the body, leading to being easy for the blood vessels to show through the skin causing a 

swollen and dark appearance called puffy eyes. Puffy eyes can be caused by several factors such as fluid retention due to high 

alcohol or salt intake, emotions especially crying, allergies, hormone changes, insufficient sleep, and other factors as well. 

An understanding of the eye conditions associated with the delivery of the hydrogel treatment requires an understanding of the 

main parts of the eye and the function of each part. 

The eye consists of two compartments; the anterior segment (which is the front of the eye) and constitutes 1/3 of Part while the 

opposite 2/3 of the part is the posterior 17 segment (which is the back of the eye). the attention is in direct contact with the 

environment and guarded by the eyelids, tear film, and also the cornea. The cornea could be a transparent layer that covers the 

front of the attention (iris, which is the colored a part of the eye); it's highly innervated tissue with no blood supply. It refracts and 

transmits light to the lens and retina. It depends on the bodily fluid for nourishment and removal of waste products. The front 

surface of the cornea is roofed with a tear film. The cornea consists broadly of three tissue layers each separated by a membrane. 

The cornea could be a complex barrier to the absorption of medicine into the attention. additionally to the cornea; tear turnover, 

nasolacrimal drainage, and reflex blinking made topical administration of medicines using eye drop is barely really apt to treat 

the periocular diseases. 
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The cornea is connected to the sclera through the limbus region. The sclera is the white part of the eye that's tough in nature and 

is substantially comprised of collagen fibers. It preserves the shape of the eye. The sclera is covered by a mucous 

membrane called the conjunctiva (which covers the inside of the eyelid as well). The conjunctiva is a thin, transparent, 

mucous tissue that covers the front of the eye, except the cornea. It's enriched with blood and 

lymph vessels that help to nourish the optical tissues. Its exterior is covered by the mucus that helps to lubricate the eyeball 

during movement and conduct wettability to the optical surfaces. 

 

 

Fig 1: Schematic illustration of the main parts of the anterior and posterior segments, I) the cornea and tear film; II) blood-retinal 

barriers; III) blood-aqueous barriers. Routes of elimination from the vitreous (encircled in blue) are; 1) venous blood flow after 

diffusing across the iris surface; 2) aqueous humour outflow; 3) diffusion into the anterior chamber (1, 2, and 3 are referred to as 

diffusion through the blood-aqueous barriers); 4) diffusion through the blood-retinal barrier. 

The uvea comprises the iris, ciliary body, and choroid supersystem. The iris is the chromatic part of the eye. The 

ciliary bodies are tissues located posterior to the iris and are responsible for the product of 

the aqueous humour and control of vision by adaptation of the lens. The anterior chamber is the space between the iris and the 

cornea while the posterior chamber is the space between the iris and the lens (posterior to the iris and anterior to the lens); both 

are absorbed by the aqueous humor. The aqueous humour is a transparent fluid that fills the anterior and posterior chambers [20]. 

The main parts of the posterior portion are vitreous humour, retina, choroid, and optical nerve. The vitreous humour is 

a clear viscous gel that fills the posterior depression of the eye. It's located between the lens and the retina. The vitreous helps 

to maintain the structure of the eye. The retina is a complex tissue that lies between the vitreous and sclera. The choroid is the 

vascularized tissue comprising the blood- retinal- barrier and separates the retina from the sclera. 

The main parts of the posterior segment are vitreous humour, retina, choroid, and optic nerve. The vitreous humour is a clear 

viscous gel that fills the posterior cavity of the eye. It is located between the lens and the retina. The vitreous helps to maintain the 

structure of the eye. The retina is a complex tissue that lies between the vitreous and sclera. The choroid is the vascularized tissue 

comprising the blood-retinal-barrier and separates the retina from the sclera. 

HYDROGELS [20] 

Hydrogels are three-dimensional polymeric cross-linked networks that can absorb water in a dry state and swell without 

dissolving or changing chemical structure. Hydrogels preserve the three-dimensional shape upon swelling due to the presence of 

cross-linking points (junction points). Hydrogels are considered to be soft and highly flexible when came in contact with water. 

These points are physical or chemical crosslinking points that will form a meshwork structure that will prevent the complete 

solubilization of the polymer matrix.  

The cross-linking in hydrogels can either be covalent or non-covalent. Covalently cross-linked hydrogels can be prepared during 

polymerization by the addition of cross-link monomers, which possess more than one polymerizable function. Hydrogels that are 

cross-linked by non-covalent interactions are sometimes referred to as physical hydrogels. Non-covalent interactions between the 

polymer chains that can occur to give a material with hydrogel-like properties include ionic, hydrophobic, entanglement, 

hydrogen, or van der Waals bonds.  
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In both covalent and non-covalent hydrogels, these bonds can be called junction points. The number of junction points is also 

referred to as the degree of cross-linking or the cross-linking density determines the many physical and mechanical properties of 

the hydrogel. The amount of polymer chain entanglement and the internal volume of the hydrogel, often referred to as the 

hydrogel pore size can often be correlated to the cross-link density which is usually determined by the percentage of cross-linker 

used during the polymerization reaction. Generally, the higher the formed and the cross-link density, the smaller the pore size or 

less permeable will be the hydrogel. Often the cross-link density is varied to vary hydrogel properties. Another factor that could 

be affected by the degree of cross-linking is the rheological and flow properties of the prepared hydrogels. Generally, hydrogels 

made with a relatively low cross-linking density may be partially soluble and injectable. 

 

FIG 2. The figure shows the swelling and deswelling of the dry hydrogel when comes in contact with the water and the formation 

of hydrogen bonding. 

TYPES OF HYDROGELS  

Hydrogels were first classified by Wichterle in 1960. And ever since many types of hydrogels are been described. 

As mentioned previously hydrogels are cross-linked polymers. Based on the starting polymer hydrogels can be classified as 

natural, semisynthetic, and synthetic. Natural polymers such as polysaccharides, cellulose, starch, chitin, gelatin, and hyaluronic 

acid (HA) are widely used for food and pharmaceutical applications. These natural polymers are often used in the manufacture of 

different dosage forms (such as tablets, micro, and nanoparticles, films, and beads) being used as binders, fillers, stabilizers, 

thickening agents, and disintegrators.  

Semisynthetic polymers are derived by the modification of natural polymers. The resulting hydrogels can display more tunable 

mechanical properties Eg Chitosan which is the deacetylated derivative of natural polymer chitin. The use of synthetic polymers 

offers the potential to further control the properties such as pore size, degradation time, and mechanical strength of hydrogels. 

Examples of synthetic polymers include Phosphoryl choline (PC) and Acrylic acid(especially HEMA). Hybrid hydrogels 

synthesized from a mixture of synthetic and natural polymers can possess both advantages. Examples include polyvinyl alcohol 

(PVA) – gelatin hydrogel. 

Hydrogels can further be classified based on how they are prepared. The polymer chains can be homopolymers (derived from a 

single monomer), copolymers, block copolymers, and interpenetrating networks (IPN). An IPN is the cross-linking of a 

polymer chain in the presence of another polymer (semi-IPN) or another monomer mixture (IPN). The two polymer chains are 

entangled with each other without chemical cross-linking between them. 

Hydrogels can also be classified into Non-biodegradable and biodegradable. Non-biodegradable hydrogels are often covalently 

cross-linked hydrogels, and a well-known example is soft contact lenses. Examples of non-biodegradable/resorbable include PVA 

and PVP Polymer. Degradable or resorbable hydrogels are designed to clear from the human body after a specified period. The 

degradation products must be biocompatible and non-toxic. The degradable element can be either in the polymer main chain or 

within the cross-links of a hydrogel. Example include a poly(lactic acid)-b-poly(ethylene glycol)-b-poly(lactic acid) diacrylate 

cross-linker could be modified using poly (ethylene glycol) dimethacrylate (PEGDM). 

Hydrogels can also be classified into non-responsive (conventional hydrogels) and stimuli-responsive (smart hydrogels). 

Non-responsive hydrogels once swollen will remain in the same shape and size with changing conditions such as pH, 

temperature, and ionic strength. Stimuli-responsive hydrogels change conformation with changes in surroundings (e.g. pH and 
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ionic strength). Examples of non-responsive include PVA. The physical and mechanical properties of stimuli-responsive 

hydrogels can be changed, including swelling and pore size when there is a change in the local environment surrounding the 

hydrogel. Changes in hydrogel properties can be reversible once the stimulus is removed. In addition to changes in pH and ionic 

strength, other stimuli include changes in temperature, electricity, magnetic field, pressure, and biological changes such as 

enzyme, antibody, and glucose concentrations. An example of stimuli-responsive includes a polymer with basic group poly(2-

vinyl pyridine), acidic group, and polyacrylic acid (PAA).  

 

 

Fig 3: Classification of the hydrogels 

 

Fig 4: Factors affecting the swelling and collapsing process of smart hydrogels. The swelling and deswelling are reversible and 

depend on the stimuli such as pH, temperature, radiation, and ionic strength. 
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Hydrogels that collapse at a specific temperature are known as thermoresponsive hydrogels. Much effort has focused on 

hydrogels that are swollen at ambient temperature but which collapse at physiological temperature entrapping the drug inside and 

slowing its release. The gel transition can be fast, within seconds once the transition temperature is reached. The transition 

temperature for hydrogels that collapse is called the low critical solution temperature (LCST). LCST is the temperature below 

which a polymer or hydrogel exists in an extended form. When the LCST is reached, the polymer conformation changes as the 

polymer chain interactions increase to expel water (and entrapped drug) with the polymer collapsing to a more globular form. 

At temperatures below the LCST, the hydrogel is swollen with water with hydrogen bonds between the polymer chains and water. 

Once the temperature increases above the LCST, the hydrophobic interactions between the polymer chains begin to predominate 

over the hydrophilic non-covalent interactions the polymer chains have with water. This causes the polymer to collapse becoming 

insoluble in water. The term volume phase transition temperature (VPTT) is also used to describe the temperature at which the 

hydrogel undergoes a transition from a completely swollen form to a solid form (dwelled). Natural polymers that could be used 

for the synthesis of thermoresponsive hydrogels are cellulose, chitosan, and gelatin. Upon deswelling the drug, molecules could 

be entrapped in the hydrogel matrix and slow release of the drug could be achieved. The most widely investigated synthetic 

polymer for thermoresponsive hydrogel formulation is poly (N- isopropyl acrylamide) (PNIPAAm). It has an LCST of 

approximately 32 degrees Celcius. 

The most widely investigated synthetic polymer for thermoresponsive hydrogel formulation is poly (N- isopropyl acrylamide) 

(PNIPAAm). It has an LCST of approximately 32 degrees Celcius. 

 

Fig 5: The effect of temperature on the conformation of PNIPAAm polymer in water solution. Below LCST the polymer chain is 

relaxed and extended. Above LCST the polymer becomes insoluble in water and collapse (the process is reversible). 

HYDROGEL IN OPHTHALMIC APPLICATION 

Hydrogel has been examined in applications such as tissue engineering, artificial replacement of organs, coating of implantable 

devices, drug delivery, gene delivery, scaffolding, and wound dressings. One of the major successes of the use of hydrogels as 

wound dressings. Hydrogel wound dressings can absorb exudates from wounds and are useful to treat necrotic wounds. Examples 

of the available hydrogel wound dressings in the clinic are Intrasite®, Neoheal®, Purilon®, and AquafloTM. [20] 

In ophthalmic applications, the most successful area for hydrogel products is soft contact lenses (SCL). Contact lenses are widely 

used for vision correction and cosmetic purposes. Some contact lenses are used for medical purposes such as bandage contact 

lenses and intraocular lenses (IOL). The first SCL was synthesized from poly (2-hydroxyethyl methacrylate) (pHEMA) hydrogel. 

Since then several polymers have been developed and used for contact lenses including methacrylic acid and N-vinylpyrrolidone. 

An important development was the introduction of silicone hydrogel contact lenses. The silicone in the contact lens structure 

offers the advantage of higher oxygen permeability compared to SCL which allowed extended wear overnight and for several 

days. Bandage contact lenses are used to protect the cornea after injury or surgery and allow it to heal properly. 

HYDROGEL AND WATER [20] 

Hydrogels have many advantages because they are biocompatible and have the ability of hydrogels to load and release drugs. 

These two characteristics are highly affected by the amount, type, and distribution of water inside the hydrogel. The water inside 

hydrogels can be thought to have two main functions;  

(i) control the transport of materials (nutrients, cells, drugs) in and out of the hydrogel and  

(ii)  to provide flexibility and an environment similar to body tissues. 

The water in hydrogels is classified as free (bulk) and bound water, which is non-covalently associated with the polymer within 

the hydrogel. Bound water is further classified into slightly and tightly bound water. When a dry hydrogel device (e.g. film) is 



                                  © 2022 IJRTI | Volume 7, Issue 8 | ISSN: 2456-3315 

 

IJRTI2208260 International Journal for Research Trends and Innovation (www.ijrti.org) 1626 

 

placed in an aqueous environment the water binds initially to the polar, hydrophilic groups through tight hydrogen bonding 

leading to what is called (primary bound water) and the matrix starts to swell. Once the gel matrix swells, hydrophobic groups 

will be exposed to water. Extra water entering the gel will interact with the hydrophobic groups forming (secondary bound water); 

both are called total bound water. The polymeric matrix continues to absorb water until it reaches equilibrium and complete 

swelling is observed. This extra water will fill the pores and spaces within the hydrogel, and once equilibrium is reached, this 

water is called free or bulk water. The total water in a hydrogel is the sum of free and bound water.  

Sometimes water in hydrogels is classified according to its ability to freeze. Non-freezable water is a term used to describe water 

molecules that are tightly bound to the polymer matrix. The bulk and loosely bound water is called freezable water. 

The amount of water at the polymer surfaces can play an important role in biocompatibility (platelet and protein adhesion) and 

drug release from hydrogels. Higher water content often results in a softer hydrogel that has less effect on the surrounding tissues 

(less inflammation and foreign body response). The presence of water also reduces the interaction between polymer and protein, 

and typically reduces protein adsorption on the surface of the hydrogel device leading to increased biocompatibility. Proteins 

display less conformational change in the presence of associated water around a hydrated surface and the adsorption of a protein 

to the hydrogel surface can be reversible. 

In general when the total water content increased the biocompatibility of a hydrogel matrix increases as well. Researchers were in 

disagreement on which type of water is responsible for biocompatibility; free, slightly bound, or bound water. Free or bulk water 

is largely responsible for the improvement in biocompatibility but the slightly bound water on the polymer surface is the type of 

water responsible for the reduction in protein adsorption while Research and reviews suggested that bound water is the key 

player. 

Table No. 1: SOME LIMITATIONS AND SOLUTIONS FOR HYDROGEL [1] 

LIMITATIONS  SOLUTIONS 

 Stimuli-sensitive hydrogels might show too 

slow response. 

 Fast-acting thinner and smaller hydrogels 

are introduced. 

 Drug deactivation may occur during 

polymer binding in the covalent binding 

method 

 Use of appropriate linkers in which instead 

of direct covalent binding of the drug to 

polymer, drug release could be tuned. 

 Difficulty in incorporating the drug-loaded 

colloidal carriers in hydrogels. 

 Mixed-delivery systems such as liposomes 

in hydrogels are prepared. 

 Drug deactivation and initial burst release in 

the entrapment method are observed. 

 Teethering method. 

 The needle during injection of pH-sensitive 

and temperature-sensitive hydrogels can be 

clogged. 

 Dual-responsive hydrogels are prepared. 

 

HYDROGEL UNDEREYE PATCH DESIGN FROM DIFFERENT ANGLES 

 

FIG 6: is a top right side perspective view of an under-eye patch showing the new design.[5] 
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FIG 7: 2 is a bottom left side perspective view thereof.[5] 

 

FIG 8: is a front elevation view thereof.[5] 

 

FIG 9: is a right side elevation view thereof.[5] 
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And FIG 10: is a left side elevation view thereof.[5] 

 

 

FIG 11:is the rare elevation view thereof.[5] 

 

FIG 12:is a top plane view thereof.[5] 

 

FIG 13: is a bottom plan view thereof.[5] 

HYPOTHESIS AND AIMS  

Hydrogels are potentially good materials for continued development in Under eye applications. Hydrogels may be exploited in 

cosmetic under-eye treatment and offer possible solutions to improve the treatment of dark circles, wrinkles, fine lines, and 

puffiness that affects most of the aging populations around the world [20]. 

Hydrogels can be made to associate with a large amount of water, so they are soft and may better match tissue properties for 

hydrogel-based under-eye patches. Although hydrogels have limitations (e.g. easy to tear), they may be more biocompatible (low 

foreign body response) than currently used under-eye patches [20].  

Hydrogel patches for under the eyes are becoming a regular “must-have” product among regular skincare products. There are so 

many patches and they all claim to do magic to the skin around your eyes.  Eye patches can re-hydrate dry under-eye skin, and 

reduce wrinkles, dark circles, and puffiness.  They are designed to regenerate and tone tired, stressed skin. 

Hydrogel under eye patches was invented by a scientist from South Korea. In the beginning, patches resembled Band-Aids: they 

were made out of cloth and were soaked in emulsion that made patches very sticky.  Hydrogel Patches were very expensive and 

not many people could afford them.  Nowadays, patches are relatively affordable and anyone can purchase them. 

Simply put, under-eye patches are mini patches that are designed to be applied to the delicate skin under your eyes. The majority 

of these patches are made out of hydrogel; however, some patches are made out of cloth, bio-cellulose, and other products. 

Hydrogel Eye patches are soaked in essence or serum and contain a concentrated amount of vitamins, minerals, moisturizing, and 

many, many other beneficial ingredients. 

The main purpose of hydrogel under eye patches is to moisturize the delicate skin under your eyes. The skin around the eyes 

contains less amount of sebaceous glands which makes the skin in this area to be prone to dryness.  Also, the skin around the eye 

is much thinner which makes it very delicate and prone to wrinkles and other signs of aging.  Good moisturizing is extremely 

important for this area and patches are an excellent addition to your regular skincare. Patches can also reduce puffiness and dark 

circles under the eyes and minimize wrinkles.  The purpose of patches is to enhance skincare and provide beneficial effects on the 

skin. Hydrogels are often chosen as eye patch ingredients because of their high water content and their hydrophilic base which 

creates a matrix to the skin thus allowing high efficacy in delivering active ingredients into the skin. Hydrogel patches not only 
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have a superior moisturizing and regenerative effect on the skin but are also able to control skin temperature and enhance 

physiological activity. Furthermore, hydrogel patches have good elasticity and are convenient to apply. 

The aim of this work is the fabrication of hydrogels as an ingredient in under-eye patches. The fabricated hydrogels will be 

studied regarding water permeability and other ingredients' role in under-eye patches. Introducing different types of hydrogel eye 

patches. The hydrogels will also be examined regarding total water content, water distribution, and swelling in different solvents. 

INGREDIENTS USED FOR UNDER-EYE PATCHES AND MECHANISM OF ACTION 

INGREDIENTS  ROLES 

WATER Water being a universal solvent, used as a main solvent in many of the cosmetic 

preparation, In hydrogel preparation it control the transport of materials (nutrients, 

cells, drugs) in and out of the hydrogel & provides flexibility to the body tissues. 

VITAMIN C 

[ASCORBIC ACID] 

Vitamin C mainly used as an antioxidant and minimizes the radio-active species 

which are causing the damage to the cells. As there in increase in age the levels of 

vitamin c decreases, Topical vitamin C increases the messenger RNA (mRNA) level 

of collagen I and III and their processing enzymes in the human body. And being 

used for wound healing, decreasing facial wrinkles, prevents skin aging. And 

application of Vitamin C shows therapeutic effect of antiaging. 

VITAMIN A 

[RETIONOL] 

Retinol is effective in the treatment of acne, reducing wrinkles, and increasing the 

skin protection against UV radiation. Also regulates keratinization. Mainly used as 

an antiwrinkle agent in dried form, and also increases the stability and shelf life of 

the patches. 

VITAMIN E 

[TOCOPHEROL] 

It functions as an antioxidant which protects the integrity of the tissues. And also 

found to be anti-inflammatory that protects the skin from oxidative stress and 

scavenges free oxygen radicals, and decreases the ageing. By inhibiting the nitric 

oxide production prevents the sunburn. 

VITAMIN B3 

[NIACINAMIDE] 

Niacinamide is having many applications in the cosmetic industry ,and many of the 

reports highligted its good skin penetration, is effective in skin lightning process by 

inhibiting the melanosomes transfer from melanocytes to kerainocytes, helps in 

reducing the dark circles.   

VITAMIN B5 

[PANTHENOL] 

Mainly used to metabolize the panotheonic acid into the skin, 

And moisturizes and keeps the skin elasticity maintained with softness. Also used as 

an emollient. 

MINERALS Many minerals like sulfur, clay, gold, silver, copper, clay, zinc oxide are used as 

ingredient in eye patches. Many of them shows cleasing, moisturizing, 

antimicrobial, as well as antibacterial activity. Silver being most effective in 

sterilization and also reduces the pore size, and prevent eye disorders. 

ALOE VERA  Aloe Vera helps in providing the skin hydration, smoothness, gives the elasticity to 

the skin, as an ingredient in the patch helpful in antiaging effect shows antiwrinkle 

property. 

COENZYME Q10 

[ubiquinone] 

It functions as a carrier of the electrons in cellular respiration and used for the aged 

or damaged skin. CoQ10 is a nonenzymatic agent that can stimulate repair processes 

as a natural antioxidant, removing the damaged biomolecules before they 

accumulate to cause altered cell metabolism or viability. 

GLYCERIN Being reported to function as a denaturant, skin conditioner, humectant, and 

viscosity decreasing agent, plays an important role in skin hydration and normal 

skin health care.  

RICE BRAN Rice bran being a byproduct of rice, said to be rich in antioxidants such as vitamin 

E, gamma oryzanol. Useful as an antioxidant agent. 

GREEN TEA Green tea has more antioxidant properties than vitamins C and E. This combination 

has anti‐inflammatory, anticancer, antibacterial, and antiacne properties. 

CARRAGENAN Carrageenans are polysaccharides that constitute the cell walls of various red 

seaweeds. -ey are also made of sulfated D-galactose. -erefore, this matrix composed 

with carrageenans and water creates a fresh lmogenic gel that spreads the 

incorporated active ingredients. 

EVALUATION METHODS OF HYDROGELS 

 General appearance 
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The hydrogel films are been checked for the general appearance. The thickness of the films and the resulting hydrated gels were 

measured using a caliper and the values were recorded.  

 Hydrogel patch acidity  

The hydrogel patch is dipped in 10 ml of distilled water (acidity 6.5±0.1) for 2 hrs at room temperature. The hydrogel patch 

acidity is then measured with a pH meter. Measurements are repeated three times, and the mean values are used. 

 Tensile strength and elongation rate 

 The hydrogel patch form is cut into a piece measuring 1 cm2 and then mounted on a texture analyzer (Com Ten Industries, 

United States). Tensile strength and elongation rate are determined using a crosshead speed of about 100 mm/minute. 

Measurements are repeated three times, and the mean values are used. The tensile strength and elongation rate are calculated from 

measured values using the following formula: = 

Tensile strength=force (kgf)/ Area (cm
2
 ) 

Elongation rate = × length difference /initial length  x 100 

 Consistency 

 The hydrogel patch is placed in a penetrometer (Herzoo, Germany). The penetration value determined the consistency 5 seconds 

after the cone penetrated through the patch. Consistency rates are measured when the hydrogel patch is made and on week 12 of 

storage.  

 Hydrogel patch shrinkage 

 The hydrogel patch is cut into rectangular pieces each with an area of about 36 cm2. Areas and weight are measured every 10 

minutes for 2 hrs from the beginning of the experiments. The times when there is area shrinkage are recorded. 

 Equilibrium water content percent measurements (EWC%) 

The term equilibrium water content percent (EWC%) refers to the maximum percentage of water absorbed by a xerogel to reach 

full hydration. To calculate the EWC% hydrogel discs of 1 cm in diameter were cut from fully hydrated hydrogel films and 

weighed which is considered as the weight of the disc in equilibrium with water (We). The discs were then fully dried by placing 

them in a vacuum oven at 70oC until they reached constant weight (Wd). 

    (%) = (   −   /   ) ×                                  ……(1) 

 Swelling ratio (SR) measurements in different solvents and solvent mixtures  

The term swelling ratio (SR) refers to the ratio between the weight of solvent absorbed by the hydrogel and the dry weight of the 

gel. It indicates the increase in the size of the dry xerogel when fully hydrated. To calculate the SR a hydrogel discs of 1 cm in 

diameter were cut from fully hydrated hydrogel film and weighed. The discs were then fully dried by placing them in a vacuum 

oven at 70oC until they reached a constant weight (Wd). To measure the SR in different solvents each dry disc was placed in 5 

mL of water, methanol, ethanol, water: methanol (1:1), or water: ethanol (1:1) at 25oC. The SR was measured in different solvent 

systems to allow the loading of a wide range of drugs with different solubilities. The discs were left in the solvents for 48 hours to 

ensure complete hydration. After 48 hours the discs were removed from the solvents; the surfaces of the discs were wiped 

carefully to remove extra solvents and weighed at equilibrium (We). Equation 2 was used for the calculations.  

   = (   −  /    )                           …… (2) 

 Scanning electron microscopy  

SEM Quanta TM Scanning Electron Microscopy (FEI Quanta200 FEGESEM, Eindhoven, The Netherlands) which is maintained 

at the UCL School of Pharmacy is used for the examination of the inner structure of the hydrogels and their pore size. The 

hydrogel samples are freeze-dried before SEM analysis. The fully hydrated gels are frozen at -40oC then dried using VIRTIS- 
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Advantage freeze-dryer for three days. The dried samples are cut and adhered to aluminum SEM stubs using carbon-coated 

double-sided tape. To make them electrically conductive, they are sputter-coated with gold before imaging. 

 Percentage water retention percent (deswelling) of the hydrogels  

The percentage of water retention (WR%) is measured using a gravimetric method at 48oC. Hydrogel samples are freeze-dried for 

3 days and weighed (Wd) then fully hydrated at room temperature (~25oC) in (10 mL) deionized water for 48 hours. The fully 

hydrated samples are weighed at equilibrium (We) and quickly transferred to pre-heated water at 48oC in the incubator. The 

samples are weighed at predetermined time intervals (Wt) (1, 3, 5, 10, 20, 30, 40, 60, and 120 minutes). Before each measure the 

sample is removed from the incubator, quickly weighed, and returned to the incubator. Water retention is calculated for each time 

point using Equation 3.  

  % =     × [   −      ]          ………..(3) 

 Ingredients loading into hydrogel films  

The ingredients soaking method is used for the loading of 0%, 10%, and 30%  hydrogels. Discs of 1 mm thickness and 1 cm in 

diameter are cut from fully hydrated films. The discs are then fully dried to remove all water at 70oC in a vacuum for 24 hours. 

The fully dried discs are then soaked in a drug solution for 24 hours. After incubation, the discs are removed carefully from the 

drug solution and placed in 3 mL DW for 30 seconds to remove extra liquid presumably adsorbed to the surface of the films and 

dried at ambient temperature under vacuum for 24 hours and stored to be used for release studies. The amount of drug-loaded for 

each disc was calculated as the difference in UV absorbance reading between the starting solution and the solution left after 

loading. The loading efficiency is also calculated. The loading efficiency is a representation of the percentage of liquid loaded 

from the actual amount placed in the loading solution. It can be calculated using Equation 4.  

                   = (              /                                 ) ×     …….(4) 

 Distribution of water inside the hydrogel, free to bound water ratio  

Differential scanning calorimetry (DSC) is a technique that can be used to measure the free to bound water ratio of hydrogels. The 

principle is that only free water and slightly bounded water are frozen so the endotherm obtained from DSC represents the amount 

of frozen water only. Equation 5 assumes that the heat of fusion of freezable water in hydrogels is the same as in ice. The amount 

of bound water is the difference between the total water content and freezable water. The melting enthalpies achieved from DSC 

were used to calculate the bound to free water ratio as in Equation 5, where (Wb) is the amount of bound water, (Wf) is the 

amount of free water, (Wfb) is the amount of lightly bound water, (Qendo) is the melting enthalpies derived from the DSC chart 

and (Qf) is the melting enthalpies of free water. 

   (%) =    % − (   +    ) ×    , 

   (%) =    % − (     /  ) ×    , …………(5) 

Experiments are performed on DSC Q2000 (TA Instruments, Waters, LLC) using a rate of 3°C/min from -40 to 20°C. Typical 

sample size range from 4 to 10 mg. Calibration with indium (Tm = 156.6, ∆Hf =28.71 J/g) is performed according to the 

manufacturer instructions. Nitrogen is used as a purge gas with a flow rate of 50 mL/min for all the experiments. TA zero 

aluminum hermetic pans and lids are used. Data is analyzed using TA Instruments Universal Analysis 2000. 

 Swelling index  

The hydrogel patch is cut into pieces measuring 1.2 cm × 1.2 cm × 0.04 cm. The initial weight of the pieces is recorded, and then, 

they are dipped into 30 ml of distilled water. The weight is measured in intervals of 1, 2, 3, 9, 12, 24, and 72 hrs during the first 

and second weeks. The swelling index of the hydrogel patches is calculated from measured values using the following formula:  

Swelling Index= (Wn-Wo)/Wo x100%     ……(6) 

• Wn = hydrogel patch weight after hydration 

 • Wo = hydrogel patch weight before hydration 
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Table No. 2 ASSORTMENT AND COMPOSITION OF HYDROGEL EYE PATCH  

ACROSS THE WORLD [15] 

No. Name, 

country of origin 

Elastomers Active substances 

1 FarmStay Black Pearl & Gold 

Hydrogel Eye Patch, Korea 

carrageenan, guar 

gum, agar-agar, 

xanthan gum, 

carbomer 

allantoin, hydrolyzed collagen, 

ubiquinone, ceramide NP, lecithin, 

niacinamide, tocopheryl acetate, sodium 

hyaluronate, castor oil, aloe juice, 

colloidal gold, pearl powder 

2 Kocostar Tropical Eye Patch 

Pitaya, Korea 

carrageenan, carob gum, 

xanthan gum 

niacinamide, allantoin, caffeine, castor 

oil, aloe juice, ginkgo Biloba extracts, 

pomegranate, white mulberry fruit, 

green tea leaves, peppermint leaves, 

chamomile flowers, rosemary, sodium 

hyaluronate 

 

3 Elite Lab Black 

Pearl Hydrogel 

Eye Patch, Ukraine 

not specified collagen, Dead Sea salt, seed oil 

grapes, aloe vera, green extract 

tea, hyaluronic acid, vitamin C, and 

vitamin E. 

4 Vigor Collagen 

Eye Patch, Ukraine 

not specified collagen, panthenol, caffeine, kelp 

extract, hydrolyzed elastin, lecithin, 

sodium hyaluronate 

5 TETe 

Cosmeceutical 

100% Collagen 

Hydrogel Patch, 

Switzerland 

carrageenan, carob gum, 

guar gum 

sodium hyaluronate, cucumber extract, 

rose water, aloe vera, hydrolyzed 

collagen, betaine, allantoin, root 

extracts 

Baikal helmet, green leaves 

tea, houttuynii heart, wormwood, yuzu 

fruit 

 

6 Qiriness Le Wrap 

Yeux Hyal-eclat 

Radiant Eye 

Contour Patch, 

Switzerland 

Not specified adenosine, vitamin B3, caffeine, 

extracts of green tea leaves, Irish moss, 

mallow root, hyaluronic acid, soleros, 

aloe vera 

7 Petitfee & Koelf Collagen & Co 

Q10 Hydrogel Eye Patch, Korea 

carob gum, xanthan gum, 

carrageenan 

grapefruit extracts, bamboo stalks, 

pine needles, Baikal sagebrush, green 

tea leaves, heart-shaped houttuynia, 

wormwood, 

yuzu fruit, aloe vera, ginseng root, 

caviar, lavender flowers, peppermint 

leaves, 

chamomile flowers, sodium 

hyaluronate, betaine, 

caffeine tripeptide-1, hydrolyzed 

collagen 

 

8 Rearar Dia Force Pure Marine 

Hydro-Gel Eye Patch, Korea 

carob gum, xanthan gum, 

carrageenan, 

agar-agar, 

hydroxyethylcellulose 

hydrolyzed collagen, pearl extracts, 

kelp, undaria pinnate, chlorella, leaves 

green tea, yuzu fruits, bamboo stalks, 

pine needles, spirulina, grapefruit, 

heart-shaped houttuynia, Baikal sage 

root, diamond powder 

 

9 Via Beauty 

Hydrogel Eye 

Rejuvenating 

Patch, China / Ukraine 

Not specified hyaluronic acid, vitamins A, E, soy 

polypeptides, plant amino acids, 

allantoin 

10 Liquid patches "Morning care" 

Tsukerka, 

Not specified extracts of ivy, fucus, 

horsetail, kelp, rosemary, 
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Ukraine green tea leaves, sage, wheat protein 

11 Secret Key Gold Racoony 

Hydrogel Eye Spot Patch, Korea 

carrageenan, guar 

gum, carob gum 

sodium hyaluronate, lavender extracts, 

peppermint leaves, freesia flowers, 

rosemary, chamomile, green tea, 

betaine, 

rose water, hydrolyzed collagen, 

allantoin, aloe vera, colloidal gold 

12 Aomi Gold-Snail Hydrogel Eye 

Patch, Korea 

carob gum, carrageenan, 

guar gum, agar 

sodium hyaluronate, hydrolyzed 

collagen, 

incense extract, oligopeptide 1, pearl 

powder, diamond powder, 

snake venom filtrate, colloidal gold, 

allantoin 

13 Esfolio Black Caviar Hydrogel 

Eye Patch, Korea 

carrageenan, carob gum, 

guar gum, agar, xanthan 

gum 

sodium hyaluronate, hydrolyzed 

collagen, 

tocopherol acetate, snake venom filtrate, 

caviar extract, allantoin, pearl powder, 

aloe vera, colloidal gold 

14 The Orchid Skin Smoky Under 

Clear Eye Patch, Korea 

cellulose modified, 

carbomer 

niacinamide, hydrolyzed collagen, 

sodium hyaluronate, aloe vera, 

allantoin, tocopherol acetate, extracts of 

sage, rose, 

pomegranate fruit, strawberry fruit, 

apple fruit 

15 BeauuGreen Collagen & Gold 

Hydrogel Eye Patch, Korea 

carrageenan, carob gum, 

xanthan gum 

allantoin, niacinamide, tocopherol 

acetate, 

sodium hyaluronate, hydrolyzed 

collagen, 

colloidal gold 

16 Eyenlip Salmon Oil & Peptide 

Hydrogel Eye Patch, Korea 

agar-agar, carob gum, 

xanthan gum, 

carrageenan 

hydroxyethyl urea, acetyl hexapeptide-

8, copper tripeptide-1, palmitoyl 

tripeptides 1, 5, 7, palmitoyl 

pentapeptide-4, palmitoyl dipeptide-7, 

palmitoyl hexapeptide-12, ceramide NP, 

allantoin, salmon 

fat 

17 FarmStay Water-Full Hydrogel 

Eye Patch, Korea 

carrageenan, carob gum, 

xanthan gum 

allantoin, arbutin, tocopherol acetate, 

pearl extracts, kelp, spirulina, 

macrocystis, green algae, sodium 

hyaluronate, colloidal platinum, 

hydrolyzed 

collagen 

18 Jayjun Green Tea Eye Gel 

Patch, Korea 

carrageenan, guar 

gum, micro cellulose 

niacinamide, sodium hyaluronate, 

extracts 

peonies, licorice, mustard, 

white mulberry, sophora, sesame, 

Baikal sage, coconut, 

pine needles, green tea, allantoin 

19 The Saem Gold Snail Eye Gel 

Patch, Eye Patches, China / 

Great Britain 

base: liquid paraffin, 

dimethicone, glycerin 

hydrolyzed collagen, diamine butyral 

dipeptide 

20 The Saem Gold Snail Eye Gel 

Patch, Korea 

xanthan gum, 

carbomer 

sunflower oil, sodium hyaluronate, aloe 

faith, tea tree essential oil, extract 

grapefruit, avocado oil, collagen, 

allantoin, snake venom filtrate 

21 Misoli Gold 

Hydrogel Eye 

Patch, 

Korea 

carrageenan, carob gum, 

xanthan gum 

sodium hyaluronate, extracts of 

cucumber, Baikal root, green 

tea, wormwood, yuzu fruit, grapefruit, 

pine needles, 

rosewater, aloe vera, colloidal gold, 

allantoin 

22 Holika Holika 

Spot Band Eye 

agar-agar, xanthan 

gum, cellulose 

niacinamide, adenosine, tocopherol, 

ubiquinone, hydrolyzed collagen 
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Zone Patch, Korea 

 

APPLICATIONS OF HYDROGELS [20] 

Hydrogel is a versatile product with enormous uses in a variety of sections in engineering, biology, and pharmaceutical sciences. 

Polyelectrolyte hydrogels are especially useful as they either carry or develop charges on the chain, and bind with opposite-

charged species to form complexes, which highlight their numerous applications in drug delivery, protein, peptide, pesticides 

nutrient, hormone, agriculture, horticulture, biotechnology, cell construction, pharmaceutical, and biomedical application. 

BIOMEDICAL APPLICATION 

Hydrogels copy the behavior of human organs in response to changes in the environmental conditions such as pH, temperature, 

enzymes, and electric field, which find applications in medical implants, prosthetic muscles or organs, robotic grippers, diagnostic 

devices for artificial muscles, stabilization of bone implants, intimal thickening in animals and decreasing thrombosis. One of the 

advanced applications of hydrogels is their ability to convert electrochemical stimuli into mechanical work (contraction), i.e., 

reversible contraction and relaxation under physicochemical stimuli for the development of artificial muscles, which function like 

the human muscle and tissue but with electrically driven muscle-like actuators. 

BIOTECHNOLOGY APPLICATION 

Hydrogels have been used as immediate matrix membranes in sensors with desired hardness, elasticity, selective diffusion of the 

analyte, and refractive indices. Smart hydrogels have been used to concentrate dilute aqueous solutions of macromolecular 

solutes, including proteins and enzymes, without disturbing the activity of the enzyme by adjusting the temperature or pH of the 

environment depending on the size and net charge. Example-Smart hydrogels in solutions, by reversible swelling and shrinking in 

response to a small change in the environmental situation, are also functional in purification devices. 

PHARMACEUTICAL APPLICATION 

 PVA based hydrogels 

Commonly includes insulin, liver, stomach, colon, intestine, brain, blood, systema nervosum, and tumor-targeted 

delivery, and also the controlled drug delivery system is that the most vital consider the applying hydrogels within the 

pharmaceutical industry. 

 PEG–PCL based hydrogels 

Diacrylates of PEG and PCL are used for controlled drug delivery and tissue regeneration and exhibit negative 

thermosensitive swelling behavior thanks to hydrophilic and hydrophobic block copolymer and have a wide range of 

elasticity, functionality, and compatibility. These hydrogels are widely suitable for pharmaceutical applications. 

 PNIPAAM–PEGDA based hydrogels 

Temperature-responsive hydrogels are typically manufactured from polyacrylamide derivatives and are efficient within 

the pulsatile release of drugs where hydrophobic interactions are required for shrinking at well-known temperatures. 

Thus, the discharge of drug delivery are often turned on and off at will. The development of a temperature-sensitive 

composite hydrogel for pharmaceutical applications supported PNIPAAM–PEGDA. Additionally, both micro-and nano-

particles had excellent loading efficiency. 

SEPARATION TECHNOLOGY 

A massive environmental problem includes pollution which incorporates a spread of dyes, employed in the plastic, paper, 

cosmetic and textile industries are discharged in large amounts and are non-biodegradable, toxic, and carcinogenic. Conventional 

approaches like coagulation, chemical precipitation, solvent extraction, membrane filtration, oxidation, and biological treatment 

for the removal of those dyes from industrial wastewaters, don’t seem to be always efficient. Hence the concept of adsorption is 

taken into account economic and effective method to remove these dyes. Similarly, heavy metal ions, which are highly toxic, non-

biodegradable, and carcinogenic also are considered water pollutants, and various thermal, physical, chemical, electrical, and 

biological methods are applied for his or her treatment. The hydrogels which include the IPN and Semi IPN is been investigated 

as a source for the removal of those water pollutants by sorption mechanism. 

ELECTROCONDUCTIVE HYDROGELS AND BIOSENSORS 

Electroconductive hydrogels (ECHs) are polymeric blends or co-networks that combine integrally Conductive Electroactive 

Polymers (CEPs) with widely hydrated hydrogels. Electroconductive hydrogels belong to the general class of multifunctional 

smart materials. As an emergent class, these technologies are giving rise to the technical field for devices and systems as a 

biorecognition membrane layer in various biosensors. Eg.- the poly(HEMA)-based hydrogel and poly(aniline) were fashioned 

into a biosensor by the incorporation of the recombinant cytochrome P450-2D6, this electroconductive hydrogel is characterized 

by its electrical, switching, and optical properties, and demonstrated for faster switching. In another instance, an electroconductive 

hydrogel fashioned from poly(hydroxyethyl methacrylate) [poly(HEMA)] and polypyrrole (PPy) was investigated for its potential 

application in the clinically important biomedical diagnostic biosensors, by the incorporation of analyte-specific enzymes. 

AGRICULTURE INDUSTRIES  
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An agricultural approach has recently been investigated which involves the controlled release of the nutrients from fertilizer-

loaded hydrogels into the crops. A large portion of the fertilizer applied to soil is lost by leaching, principally in highly porous 

soils, in chemical processes, excessive rain, and so on. Several different polysaccharides, such as chitosan, pectin, and 

carboxymethyl cellulose have been used to prepare hydrogels as a fertilizer release system to encourage the soil. Several authors 

have contributed to the application of hydrogel as soil conditioners. Some hydrogels indicated for moisture retention of a specific 

soil due to hydrogel is essential to a plantation forest establishment, as water influences soil properties such as aeration, 

temperature and nutrient transport, water uptake, and transformation, which affect plant growth. 

CONTACT LENSES 

Hydrogels are ideal candidates for the fabrication of micro-optical arrays with dynamically tuneable focal lengths, which can be 

prepared in an inexpensive and scalable fashion. Methods of fabrication of microlens arrays include photolithography, photo-

thermal patterning, and assembly of polymer particles, accompanied by their melting. Such methods frequently require precise 

and several fabrication steps. Also, microlens arrays are typically composed of optical elements with fixed focal lengths, in 

somewhat large diameters, and with slow speeds of focal length switching. These microgel-based microlens arrays are promising 

devices for the future development of micro-optics technology. 

COSMETIC INDUSTRY 

The continuous development of new active ingredients for cosmetics and personal care products is one of the most important 

areas of research in this industry. There are a significant number of novel cosmetic products based on this new generation of 

active ingredients. Chitosonic Acid and carboxymethyl hexanoyl chitosan are novel chitosan-based materials that have recently 

been accepted by the Personal Care Products Council as a new cosmetic ingredient with the INCI (International Nomenclature of 

Cosmetic Ingredients) name Carboxymethyl Caprooyl Chitosan. Although some articles have reported that chitosan and its 

derivatives can be used as a delivery system for cosmetics, to the best of the author's knowledge, no studies have demonstrated 

that chitosan and its derivatives can be used as key active ingredients in the formulation of cosmetics.  

CONCLUSION 

Hydrogels are crosslinked polymer networks that absorb substantial amounts of aqueous solutions because of their high water 

content, these gels resemble natural living tissue quite the other style of synthetic biomaterial. Hydrogels have a novel 

combination of characteristics that make them useful in several applications. These hydrogels have moisturizing properties 

therefore scaling and dryness don’t seem to be expected with this delivery system. The goal of the delivery of ingredients is to 

keep up the active ingredient within the skin within limits for long periods. In this context, a variety of strategies has been 

explored to scale back the discharge rate of the drug from hydrogels either by enhancing the interactions between the active 

ingredient and therefore the hydrogel matrix and/or by increasing the diffusive barrier to drug release from the hydrogel. 
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