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ABSTRACT 

 

      Ophthalmic administration of drugs is primarily associated with the 

treatment of ocular diseases. 90% of the ophthalmic dosage forms are given 

topically. However, following the topical route, only 5% ocular bioavailability 

is achieved. The aim of my work is to address the problems associated with the 

conventional topical application. The present investigated the preparation and 

characterization of Eosin Y (a model photosensitizer) liposomes loaded p-

HEMA hydrogel films and its in vitro release profile triggered by an external 

stimulus (Argon Ion Laser).  

A validated HPLC method was developed for quantification of Eosin Y 

in aqueous medium as per USP guidelines. The delivery system was prepared 

by dissolving Eosin Y loaded liposomes in the monomer solution (2-HEMA –

EGDMA) using ammonium persulfate as the initiator of reaction for the 

formation of pHEMA hydrogel films. 
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The delivery system showed 60% transmittance and 49% moisture content. In 

absence of laser, the in vitro release of free Eosin Y and Eosin Y loaded 

liposome were 24.3±3.5% and 0.47±0.1%, respectively which were increased to 

35.9±6.8% and 0.79±0.3%, and  43.2±19.4% and 1.0±0.6%, in presence of 5 

and 10 minutes of laser exposure, respectively. 

The in vitro release data indicated that liposomal formulation was acting as a 

barrier to the release of drug in addition to the hydrogel matrix. The drug 

release can be triggered by an external laser stimulus which exposure time can 

be manipulated to optimize the release profile. 

This drug delivery device can benefit millions of people suffering from anterior 

eye diseases like dry eye, glaucoma (3.2 million of women of the United States 

suffer from dry eye, nearly 2.7 million Americans suffer from Glaucoma). 
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1.1. Eye 

The eye is one of the most complex and unique sensory organs of the human 

body. It is a highly specialized organ of photoreception giving us the sense of 

sight. It comprises of unique anatomical and physiological features exhibiting 

distinctive pharmacokinetic and pharmacodynamic properties. Anatomically, 

the eye is divided into segments: the anterior segment and the posterior 

segment. The tear film layer, cornea, iris, conjunctiva, aqueous humor, ciliary 

bodies and lens comprise the anterior segment of the eye; while the posterior 

portion is comprised of sclera, choroid, retina, retinal pigment epithelium, optic 

nerve and vitreous humor1 (Figure 1). 

 

	
	

 

 

 

 

 

 

 

 

 

 

Figure 1: Anatomy of the eye2  
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1.2. Ocular Anatomy and Physiology  

The human eye measures about one inch in length (approximately 24.2mm; 

transversely and horizontally) with a refractive power of 65 diopters3 

approximately. Each part of the eye plays a significant role in capturing the light 

and focusing it onto the retina.  

 

1.2.1. Extra-ocular structures 

1.2.1.1. Eyelids 

Eyelids are thin fold of skin covering and protecting the human eye. Along the 

eyelid margin lies the row of eyelashes which further protects the eye from 

foreign debris. The eye lid is made up of different layers: the external surface is 

covered by a thin layer of skin; the internal surface is lined with the palpebral 

portion of the conjunctiva which is a vascularized mucous membrane 

continuous with the bulbar conjunctiva.4  

Conjunctiva which lines the inner portion of eyelids and covering sclera is 

composed of non-keratinized, stratified squamous epithelium with goblet cells, 

and also stratified columnar epithelium. The conjunctiva is typically divided 

into three parts: palpebral conjunctiva- which lines the eyelids and is highly 

vascularised; fornix conjunctiva- it is the space where the bulbar and palpebral 

conjunctiva meet. It is located superiorly and inferiorly behind the upper and 

lower eyelids, respectively. Inferior fornix also known as inferior conjunctival 
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sac or cul-de-sac is the place where topical ocular medications are usually 

instilled. The third part is the bulbar conjunctiva which covers the eyeball and 

the anterior sclera. It is less vascularised.1 

Eyelids along with eyelashes protect the eye from mechanical injuries. Blinking 

of the eye helps to spread out tears over the cornea and conjunctiva and protects 

the eye from potential danger. 

1.2.1.2. Orbits 

These are the bony cavities of the skull which holds the eyes. The bony cavities 

have multiple fissures and foramina that conduct nerve, muscles and blood 

vessels.  In the orbit, the connective tissue, adipose tissue and six extraocular 

muscles support and align the eyes for vision. There are six extrinsic muscles: 

four recti and two oblique muscles. These muscles arise from the posterior 

aspect of the orbit and are inserted into the sclera. The six muscles are:  

• Medial Rectus (MR) 

• Lateral Rectus (LR) 

• Superior Rectus (SR) 

• Inferior Rectus (IR) 

• Superior Oblique (SO) 
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• Inferior Oblique (IO) 

 

Figure 2: Extraocular muscles of human eye5 

 

1.2.1.3. Lacrimal System  

This system is comprised of the secretory glands and the nasolacrimal ducts. 

The secretory system includes the lacrimal glands, the accessory glands and the 

meibomian glands. In each eye, the nasolacrimal system consists of lacrimal 

punctum, superior and inferior lacrimal canal, lacrimal sac and nasolacrimal 

duct. The lacrimal gland secrets the tears and the excretory ducts conveys the 

tear fluid onto the surface of the eye. Through the lacrimal canaliculi, the 

lacrimal sac and nasolacrimal duct, the tear fluid is conveyed into the cavity of 

the nose emptying the fluid into the inferior nasal conchae from the 

nasolacrimal duct.6  
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Tears play an integral role for the proper functioning of the eye. Tears lubricate 

the eye by keeping it moist and help to flush out the dirt or dust entering the 

eye. It also has anti-bacterial property. It is a three-layer lubrication barrier 

which covers the conjunctiva and the cornea. The outermost layer is the anterior 

lipid layer composed of lipids secreted by the meibomian glands. The second 

layer is the middle aqueous layer which constitutes 98% of the tear film. The 

third layer is the posterior mucus layer adherent to the corneal epithelium 

composed of a mixture of mucins produced by the goblet cells in the 

conjunctiva.6  

                 

 

Figure 3: The Lacrimal Drainage System7 

 

1.2.2. Ocular Structure 

The eye is divided into two principal anatomical parts: the anterior and the 

posterior segments. 
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1.2.2.1. Anterior Segment  

The anterior segment includes structures like cornea, iris, lens, anterior 

chamber, posterior chamber, aqueous humor, and ciliary bodies. 

1.2.2.1.1. Cornea 

It is the most anterior part of the eye in front of the iris and pupil. It is convex 

shaped and is completely transparent.  For maintaining transparency, cornea is 

devoid of blood vessels. Dissolved oxygen present in the tears supplies oxygen 

to the cornea. The average horizontal diameter of an adult human cornea is 

about 11.5mm and has a vertical diameter of 10.5mm. The curvature of the 

cornea remains constant throughout life.8 The human cornea is composed of 

five distinct layers: corneal epithelium, Bowman’s membrane, the lamellar 

stroma, the Descemet’s membrane and the endothelium. The corneal epithelium 

is composed of an outer lipid layer and an inner mucous layer. The corneal 

epithelium is composed of two to three layers of superficial cells, two to three 

layers of wing cells and one layer of basal cells. The epithelial layer is 

extremely impermeable. The corneal epithelial cells get renewed every 7-

8days.9 The corneal lamellar stroma is 500 µm thick. It provides structural 

integrity to the cornea. The stroma is separated from the epithelium by 

Bowman’s layer which is 10-15 µm in thickness. The stromal extracellular 

matrix is filled up with collagen fibrils.10 The corneal endothelium consists of 

single to several layers of cuboidal cells. They help in the formation of the 

Descemet’s membrane which separates the endothelia from the stroma.11 The 
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endothelium presents a membrane bound ion transport system which helps to 

establish an osmotic gradient from a hypo-osmotic stroma to a hypertonic 

aqueous. This leads to a constant maintenance of 78% of water in the stroma.11  

The penetration of drugs through cornea occurs by diffusion. The corneal 

epithelium and endothelium allows the passage of lipophilic drugs whereas the 

stroma allows the passage of hydrophilic drugs.  

 

Figure 4: Different layers of the cornea12 

 

1.1.2.1.2. Iris 

The iris is circular structure of the eye which is responsible for controlling the 

amount of the light entering the retina by adjusting the size and the diameter of 

the pupil. The iris consists of two layers: the pigmented vascular layer and the 

pigmented epithelial cellular layer. The outer edge of the iris is connected to the 

sclera and the anterior ciliary body. The iris and the ciliary body together known 
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as the anterior uvea. This anterior uvea provides a secondary drainage pathway 

for the aqueous humor.13  

1.1.2.1.3. Ciliary bodies 

The ciliary bodies consist of ciliary muscles which control the shape of the lens. 

The ciliary bodies consist of the ciliary epithelium which helps in the 

production of aqueous humor. The ciliary bodies are ring shaped tissues which 

separates the posterior chamber of the aqueous humor from the vitreous body. 

The ciliary body consists of ciliary muscles, vessels, and the fibrous connective 

tissue.14 The ciliary bodies are attached to the lens by connective tissue called 

zonular fibres. The relaxation and the contraction of these ciliary muscles help 

to change the shape of the lens for accommodation to light. The ciliary body has 

three main functions: the accommodation to light, holding the lens in position 

and the secretion of aqueous humor. 

 

1.1.2.1.4. Lens 

The lens is a transparent, biconvex structure. The main function of the lens is to 

refract light along with cornea to be focussed onto the retina. The ciliary 

muscles help in adjusting the shape of the lens to form the real image of the 

object on to the retina. This adjustment of the lens is called accommodation. 

The lens is held in place by the suspensor ligament which attaches the lens to 

the ciliary body. The lens is devoid of any nerves and blood vessels. The lens is 
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composed of three main parts: the lens capsule, the lens epithelium and the lens 

fibres. The lens capsule is smooth, transparent, elastic and is composed of 

collagen secreted by the lens epithelium.15 The lens epithelium is composed of 

simple cuboidal epithelial cells. They maintain the homeostatic function of the 

lens. The lens fibres are long, thin, transparent cells which are firmLy packed. 

They form the bulk of the lens.  

 

1.1.2.1.5. Aqueous humor 

It is a transparent watery fluid secreted by the ciliary epithelium and is drained 

through the outflow channel into the extraocular venous system. The aqueous 

humor plays a vital role in the maintenance of intraocular pressure. It is 

composed of amino acids, 98% water, electrolytes like salts of sodium, 

potassium, calcium, etc., ascorbic acid, glutathione, immunoglobulins. Aqueous 

humor is secreted into the posterior chamber by the non-pigmented epithelium 

of ciliary bodies.16 The secretory mechanism in the ciliary epithelium together 

with the ultrafiltration from the capillaries in the ciliary processes results in the 

formation of the aqueous humor which travels from the posterior chamber to the 

anterior chamber. The secretory mechanism involves active transport of 

electrolytes, coupled fluid transport, and carbonic anhydrase action. The 

aqueous humor is drained from the anterior chamber through the porous tissue 

in the iridocorneal angle and the Schlemen’s canal. This route is called the 
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conventional drainage route. Drainage through the ciliary body, suprachoroid, 

and sclera to the Episcleral space is called the uveoscleral drainage route or the 

unconventional drainage route.17  

 

                         

Figure 5: Schematic diagram illustrating conventional outflow pathway2 

 

1.1.2.2. Posterior segment 

The posterior segment consists of the sclera, choroid, retina, vitreous humor and 

the optic nerve. 

 

1.1.2.2.1. Sclera 

Sclera is an opaque, elastic, resilient tissue of the eye. It covers approximately 

95% of the eye. Anteriorly it begins at the limbus and terminates at the optic 
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nerve canal posteriorly. The primary function of the sclera is to protect the eye 

and maintain the shape of the eye ball. The human sclera is white in colour. 

This white appearance is because of the scattering of all wavelengths of light by 

dense irregular bundles of collagen in sclera. Sclera is thicker in males than in 

females. Human sclera is thickest near the optic nerve, where it is 

approximately 1 mm in thickness and thinnest at the insertion of extra ocular 

muscles (0.3 mm). The tendon of the extra ocular muscles is of same thickness 

here at this point of insertion, so with merging of these tendons, the collective 

thickness of sclera reaches to 0.6 mm here. Sclera gradually thickens towards 

cornea and at limbus the thickness of sclera is 0.83 mm.18 

 

1.1.2.2.2. Choroid 

It is the vascular layer of the eye lying between retina and sclera containing 

connective tissues. The human choroid is thickest at the far extreme rear of the 

eye (at 0.2 mm), while in the outlying areas it narrows to 0.1 mm. The choroid 

provides oxygen and nourishment to the outer layer of retina and is also a part 

of the uveal tract.19 
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1.1.2.2.3. Retina 

Retina lines the inner surface of the eye surrounding the vitreous cavity. The 

retina is protected and held in the appropriate position by the surrounding sclera 

and cornea. The neural retina consists of six major classes of neurons: 

photoreceptors, bipolar cells, horizontal cells, amacrine cells and ganglion cells, 

which capture and process light signals, and the Müllerian glia, which act as the 

organizational backbone of the neural retina. The cells of the neural retina are 

arranged in several parallel layers.20-22 The function of the retina is to receive 

light that the lens has focused, convert the light into neural signals, and send 

these signals on to the brain for visual recognition. 

 

 1.3. Ocular barriers 

Designing ocular drug delivery system is one of the interesting and challenging 

tasks where the pharmaceutical scientists have been struggling for ages due to 

the complex anatomical features of the eye.  The physiological barriers of the 

eye pose a challenge for the pharmaceutical scientists to target drug to the 

specific ocular tissue and achieve optimal bioavailability. The eye comprises of 

mainly three barriers whose function is mainly to protect the delicate tissues of 

the eye from foreign toxicants. These barriers act specifically depending upon 

the route of administration, such as: topical, systemic, subconjunctival, 

periocular, etc. The most commonly preferred route of administration for the 
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eye is the topical drug delivery route. It is a non-invasive route. Eye drops, 

which is one of the conventional dosage form accounts for 90% of the marketed 

ophthalmic formulations.23 Though it is highly patient compliant, the ocular 

bioavailability of the drug is very poor. Following topical instillation, majority 

of the drug is washed out by the flow of the lacrimal fluid provided the lacrimal 

turnover rate is only about 1µL/min.24 The washed-out drug reaches systemic 

absorption which is another non-productive removal of the drug. After the drug 

loss from the ocular surface, another obstacle is the lacrimal fluid eye barrier 

where cornea limits drug absorption from the lacrimal fluid into the eye due to 

the tight junctions of the apical corneal epithelial cells.25 Lipophilic drugs have 

a higher permeability through cornea than hydrophilic drugs.26 However, 

conjunctiva has a higher permeability than cornea for hydrophilic and large 

molecules.27 The next barrier is the blood-ocular which comprises of blood 

aqueous and blood retinal barrier. The blood aqueous barrier prevents the access 

of plasma albumin and limits the access of hydrophilic drugs from the plasma 

into the aqueous humor. The blood retinal barrier which comprise of the retinal 

pigment epithelium (RPE) and tight walls of retinal capillaries restrict the 

distribution of drugs into the retina.28   
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1.4. Different routes of ocular drug administration 

The most commonly used route for ocular drug administration is the topical 

route. It is mostly employed to treat anterior segment diseases. Eye drops are 

the most commonly used dosage forms for topical ocular delivery.  It has the 

benefits of high patient compliance, non-invasive. But the bioavailability of 

drugs is very low owing to resistance provided by the precorneal factors like 

solution drainage, blinking, tear film, tear turn over, induced lacrimation and the 

anatomical barriers of the eye.29 The tear volume of the human eye is around 

7µL and the cul-de-sac region of the eye can hold around 30µL of the instilled 

eye drops.  The restoration time of the tear film is around 2-3 minutes and most 

of the eye drop solutions get washed away within 15-30 seconds after 

instillation. Low contact time of the drug with the absorptive membrane is so 

low which leads to the poor bioavailability of the drug which is estimated to be 

about 5%.30 

 

In systemic drug administration, the blood aqueous and blood retinal barriers 

limits the access of the drug to the anterior segment and posterior segment 

respectively. The tight junctional complex between the endothelium of the 

ciliary blood vessels and non-pigmented ciliary epithelium prevents the entry of 

drugs from the blood stream into the anterior segment. Whereas in the posterior 

segment, retinal capillary endothelial cells and RPE resist intercellular 
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permeation of the drug from the blood to the retina. These factors lead to the 

bioavailability of drugs less than 2%. Though this route is patient compliant and 

non-invasive yet this route poses a high risk of causing systemic toxicity.29  

 

Periocular and intravitreal route of administration are being used to treat the 

posterior segment eye diseases to overcome the inefficiency of the topical and 

systemic routes. The periocular route consists of subconjunctival, sub-tenon, 

retrobulbar and peribulbar. Following periocular injections, drugs can reach the 

posterior segment by three different pathways: transscleral pathway; systemic 

circulation through the choroid; and the anterior pathway through the tear film, 

cornea, aqueous humor, and the vitreous humor.31 

 

Subconjunctival injection of drugs overcome the conjunctival epithelial barrier 

which is a rate limiting step for water soluble drugs. The transscleral route 

bypasses the corneal conjunctival barrier. But there are reports of rapid drug 

elimination following sub-conjunctival pathway.32-34 The drainage of the 

formulation leads further leads to systemic toxicity and low bioavailability of 

drugs to the retina. In the intravitreal route, the drug molecules are directly 

inserted into the vitreous humor. Drug distribution inside the vitreous humor is 

not uniform which is dependent on the pathophysiological condition and the 

molecular weight of the drug.29 The half-life of the drug in the vitreous humor is 
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of concern for ocular bioavailability. It has been found that hydrophilic and 

large molecular weight compounds increase the half-life of the drug in the 

vitreous humor.24 

 

To overcome the drawbacks mentioned above, novel ocular drug delivery 

systems such as nanoparticles, liposomes, dendrimers, cyclodextrins, implants, 

viral and non-viral vector based delivery system, polymeric micelles, use of 

hydrogels in the form of soft contact lenses are being designed to achieve 

optimal ocular bioavailability of drug. 

 

1.5. Contact lenses as an ocular drug delivery device 

Contact lens was first invented in 1887 by a Swiss physician Adolf Gaston 

Eugen Fick.35 Those glass lenses were difficult to fit and covered almost the 

entire eye surfaces. This was followed by the formation of first plastic contact 

lenses in 1938 and in 1950, first lens to cover cornea evolved. The idea of using 

contact lens for delivering drugs dates back to 1960s.36 It has been surveyed that 

93% of the eye care providers would like to use contact lenses as a drug 

delivery device if there is an option to do so.36 Contact lenses are biocompatible 

and highly compliant for the wearers who wear it regularly for vision 

correction. Contact lenses can be designed for delivering drug for an extended 
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period of time, thereby eliminating the need for multiple eye drop instillations.37 

One of the important advantages is to increase the corneal bioavailability. The 

improved bioavailability is due to the position of the contact lens which lies in 

the immediate vicinity of the cornea with a thin fluid layer in between called the 

post lens tear film (POLTF). There is a thin layer on the anterior side of the lens 

in between air and the contact lens called pre-lens tear film (PLTF). Both the 

tear films are few micron thicknesses. After insertion, the contact lens releases 

drug to both films viz: POLTF and PLTF. The drug release into the post lens 

tear film can diffuse either into the cornea or radially diffuse to reach the outer 

tear lake. Drug diffusing into the cornea must overcome the barrier of corneal 

epithelium which is hydrophobic in nature and then has to cross the water like 

layer called stroma to reach the endothelium. Finally, the drug molecules reach 

the anterior chamber which provides minimal resistance to mass transport due 

to convective mixing.38 The ratio of the POLTF thickness and corneal 

permeability gives the time scale for corneal transport of the drug. The POLTF 

thickness is about 5µm and the corneal permeability of most ophthalmic drug 

ranges from 10-5 to 10-7 cm/sec. Thus, the time scale for corneal transport is 

between 1 second to a minute.39 The time scale for radial transport in the 

POLTF can be estimated as L2/D, where L is the lens radius and D is the drug 

diffusivity in tears. The contact lens radius is about 5 mm and the maximum 

drug diffusivity in tears for typical ophthalmic drugs is about 10-9 m2/s giving 

the radial diffusion time scale of at least an hour. As the time scale of the radial 
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transport is longer than the time scale for corneal transport, majority of the drug 

diffuses into the cornea. It can be anticipated that the concentration of drug in 

the POLTF is negligible if the drug transport from contact lens takes more time 

than the drug transport across cornea. If the drug concentration is negligible, 

then the release of drug from the contact lens occurs under sink condition. As 

the drug concentration is assumed to remain low, therefore avoidance of corneal 

and systemic toxicity can also be achieved as fewer drugs will get washed out 

by the lacrimal fluid. Drug releases into the PLTF by the contact lenses can 

choose two paths: enter the systemic circulation or enter the ocular environment 

through conjunctiva. It is difficult to predict the ratio of drug release into the 

PLTF and POLTF because of the blinking reflex. If the drug release into the 

POLTF is under sink condition, at least 50% of the drug will diffuse into the 

POLTF which will further transport across the cornea. Thus, the corneal 

bioavailability will be around 50% compared to 1-5% of eye drops.39 

 

1.5.1. Types of contact lenses 

• Rigid gas permeable Contact lenses40 

 These are rigid lenses made of durable plastic that transmits oxygen. 

They tend to be less expensive over the life of the lens since they last 

longer than soft contact lenses. They are not as comfortable as soft 

contact lenses. 
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• Soft Contact Lenses40 

Soft contact lenses are made of soft, flexible plastics that allow oxygen to 

pass through to the cornea. Soft contact lenses may be easier to adjust to 

and are more comfortable than rigid gas permeable lenses. 

• Extended Wear Contact Lenses40 

Extended wear contact lenses are available for overnight or continuous 

wear ranging from one to six nights or up to 30 days. Extended wear 

contact lenses are usually soft contact lenses. They are made of flexible 

plastics that allow oxygen to pass through to the cornea. 

• Disposable (Replacement Schedule) Contact Lenses40 

Most of soft contact lens wearers are prescribed some type of frequent 

replacement schedule. “Disposable,” as defined by the FDA, means used 

once and discarded.  

 

1.5.2. Essential physical properties of contact lenses 

Contact lenses primarily constitutes of hydrogels. Hydrogels are three 

dimensional hydrophilic networks. These hydrogels are constituted of polymer 

chain which can swell in aqueous environment but will not dissolve in it.41 They 

are highly porous. The hydrophilic nature of the hydrogels helps it to retain 

large of water within them which leads to high biocompatibility. Contact lenses 

are either classified as hard or soft contact lenses. Soft contact lenses are 
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comfortable to wear and are currently in research to use it as a device to treat 

ocular diseases. The first soft contact lens material used was poly-2-

hydroxyethyl methacrylate (pHEMA). It contained around 38-40% of water in 

its full hydrated state.42-43   

Physical properties of contact lenses are of important consideration for the 

quality of lens to be used as a drug delivery device. Some of the important 

physical properties are:  

 

• Transparency of the lens  

Transparency is an important criterion for contact lens. It should not 

affect the vision of a person. Drug loaded contact lens should exhibit the 

same property as contact lens without drug. Recent approaches have 

enabled to create drug loaded contact lenses with acceptable optical 

clarity. pHEMA gels loaded with liposomal formulation exhibit 

transparency of 80% compared to the 90% transparency of pHEMA gels 

without drug contained in it.44 The marketed contact lenses (like Acuvue 

Moist, Zeiss Contact Day 30 Air Aspheric, Sauflon 56 UV, and Pretty 

Eyes) have a transmittance value above 90% in the visible light range.45 

Currently marketed contact lenses have UV blocking property too. 

According to American National Standards Institute, for a contact lens to 
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be classified as UV-blocking, the lenses should have a minimum 

absorption 95% of UVB and 70% of UVA.46 

 

• Oxygen permeability 

It is one of the important criterions as absence of oxygen to the corneal 

cells can lead to corneal edema. The Dk/t of a contact lens gives the 

oxygen permeability value (‘D’ stands for diffusivity, ‘k’ stands for 

partition coefficient, and ‘t’ stands for lens thickness)42 Silicone hydrogels 

have higher oxygen permeability than conventional hydrogels. Marketed 

silicone hydrogel lenses show high oxygen permeability value. For 

example, NIGHT&DAYTM shows a value of 140. 

Oxygen permeability of drug eluting contact lenses can be increased by 

lenses containing multilayer scheme of liposomes. Anuj Chauhan and his 

group (2010)67 had shown that contact lenses having a loading of 35% of 

vitamin E, did not the oxygen permeability of the contact lenses.  

 

• Wettability 

Wettability of a contact lens determines the physiological compatibility 

of the lens and also it determines its stability in the tear fluid. It can be 

estimated by contact angle measurements.  
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• Water content 

 The high entrapment of water forms the soft contact lenses and this water 

content determines the oxygen permeability of the soft contact lens 

(SCL). 30 It also imparts comfortness. The water content of a contact lens 

is determined by equilibrium water content (EWC). pHEMA lenses 

generally contain water around 38-40% in its full hydrated state.68  

 

• Tensile properties 

Tensile properties of soft contact lenses imply resistance to damage while 

handling, durability of the lens. Effron and his group had shown that 

lenses containing 40% of HEMA shows moderate tensile strength. They 

concluded that hydrogel materials with high strength display fewer 

tendencies to change their geometric patterns.  

 

 

1.5.3. Current strategies used to generate contact lens based drug delivery 

system 

Ø Soaking of lenses in drug solution 

Here the preformed soft contact lenses are soaked in drug solution for a 

specific time period. Several in vitro assays of drug release from soft 

contact lenses (pHEMA gels) soaked in drugs such as pilocarpine, 

dexamethasone, timolol and antibiotics have been performed. In majority 
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of the cases it had shown that higher bioavailability of drug has been 

achieved over eye drops. Anuj Chauhan and his group have shown that 

20% of the drug timolol entrapped in contact lens entered the cornea 

which is larger than percentage of drug entered using eye drop.69  

This method has some limitations. First, the drug uptake on the contact 

lens surface depends on factors like the water content and thickness of the 

lens, physical and chemical properties of the drug like, molecular weight 

and solubility of the drug in the contact lens matrix. Second, the drug gets 

diffused out very quickly from the surface with diffusing out the entire 

drug in just few hours. For example, drugs like pilocarpine and 

ciprofloxacin got diffused out of the contact lens within 1 to 3 hours. 

Ketotifen fumarate got released from the surface of drug soaked silicon 

contact lenses in less than 4 hours. Thus, this method fails to achieve 

sustained and extended drug delivery. However, to sustain the drug 

delivery various methods have been ttested. One such example is the use 

of Vitamin E aggregates incorporated within contact lens matrix to create 

barriers for diffusion so as to extend the release time of the drug from the 

lens surface. Third, it is difficult to achieve the exact amount of the drug 

on the surface of the lens for every lens.  
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Ø Molecular Imprinting 

This method allows the creation of macromolecular memory for a 

template molecule embedded within a flexible macromolecular network. 

In this technique, high affinity binding sites for the drug is created inside 

the hydrogel matrix. Before polymerization of the monomers, drug is 

added so that the monomers should arrange in a way that they interact 

with the drug molecules. After polymerization is done, the drug is 

removed so as to create memory template. This can control the release 

profile of drug by controlling the drug affinity relating to the number of 

interactions between the drug and polymer. Control in therapeutic loading 

and extended release of drug have been achieved with careful attention to 

functional monomer/template ratio, the varieties of functional monomer, 

polymer backbone and the network structure. It has been shown that 

imprinted hydrogels containing HEMA and small amount of methacrylic 

acid showed the release of timolol in the next 8-10 hours with addition to 

the higher loading of the drug. By altering the monomer to template ratio, 

the release of the same drug got prolonged and only 50% of the drug got 

released by next 3 days.  

When multiple functional monomers are used, drug loading and drug 

release duration time gets increased as compared to the use of single 

functional monomer. Bryne and his team had shown six times increase in 

the drug loading of ketotifen fumarate and 10 times lower diffusion 
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coefficients in more functionalised imprinted contact lenses than less 

functionalised ones.  

 

Ø Copolymerization 

This technique involves the incorporation of the functional monomers so 

that it can interact with the target drug molecules in the hydrogels. 

Cationic monomers, such as methacrylamide propyltrimethylammonium 

chloride have been used to enhance the loading capacity and to extend the 

release of anionic drugs based on an ion-exchange reaction. Ions present 

in the tear fluid compete with the drugs present in the hydrogel matrix for 

the ionic groups of the hydrogel. It has been shown that acrylic acid 

incorporated in hydrogels has an affinity for insulin, timolol and 

oxyprenolol. Combination of functional monomers improves the drug 

loading and the release profile of the drug. Combination of the 

hydrophobic monomer 3-(trimethoxy-silyl) propyl methacrylate and the 

ionic monomer N, N-dimethylaminoethyl methacrylate, improved the 

loading of insulin and protamine and their extended release from pHEMA 

soft contact lenses. Several other monomers like 4-vinyl-pyridine (VP) 

and N-(3-aminopropyl) methacrylamide (APMA) are used. They increase 

the drug loading of ibuprofen by 10% and diclofenac by 20%. 

 

 



27	
		

Ø Dispersion of colloidal nanoparticles on the contact lens surface 

This technique involves the incorporation or dispersion of the drug loaded 

colloidal particles such as nanoparticles, liposomes, microemulsion, etc. 

into the hydrogel matrix. The colloidal particles containing drug are 

dispersed into the hydrogel matrix during polymerization. The 

nanocapsules prevent the drug from interacting with the contact lens 

material and it adds as an additional barrier to the release of drug. The 

drug first has to diffuse out of the nanocapsules and reach the surface of 

the hydrogel matrix and then diffuse from the surface of hydrogel to the 

tear fluid. Dispersion of lidocaine loaded dimyristoyl phosphatidylcholine 

liposomes in the contact lenses was prepared. Lidocaine was released for 

7 days with 2 separate time scales; there was an initial burst that released 

about 15%–30% of the drug in the first few hours, and then there was a 

much slower release over a time scale of days. Drug loaded nanocarriers 

can be immobilized on the surface of the contact lenses that have been 

previously functionalised.  

 

1.5.4. Use of Contact lenses for treating ocular diseases 

Contact lens based drug delivery system has currently become popular subject 

for research in the field of ophthalmic drug delivery. It is generally used for 

treating anterior segment diseases.  
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Use of contact lenses is under extensive research for the treatment of glaucoma. 

Glaucoma is a condition of increased pressure of the eye which gradually leads 

to the loss of sight. It affects 60.5 million individuals worldwide.48 and is the 

second leading cause of blindness following cataract.49 An increase in the 

intraocular pressure can leads to the damage of the retinal nerves. So the 

restoration of the intraocular pressure to the normal level is the most important 

treatment for glaucoma. Currently several different classes of drugs are being 

researched using soft contact lenses as the drug delivery device. North used 

conventional soft contact lenses to treat glaucoma. He previously soaked the 

lenses in a 4 % pilocarpine solution. He was one of the first persons to try using 

lenses for glaucoma treatment.50 Several In vitro and in vivo studies are also 

conducted to evaluate the efficacy and bioavailability achieved by using lenses. 

Kaufman and his team also showed contact lenses pre-soaked in 1% pilocarpine 

solution showed better control of intraocular pressure than using 8% pilocarpine 

solution which was marketed for topical ophthalmic administration.51 Braga and 

his team used the supercritical solvent impregnation method on silicone based 

soft contact lenses to load acetazolamide. The drug was released for 8 hours and 

it was efficient to decrease the intraocular pressure.52 However, in vitro studies 

of acetazolamide loaded into molecularly imprinted pHEMA hydrogel lenses 

showed that the drug released was less than 50% within two weeks.53 Chauhan 

and his team encapsulated ophthalmic drugs in liposomes and then dispersed 

them in the contact lens matrix. This study showed the releases of drugs for up 
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to 8 days.54 In vivo study conducted on rabbits using timolol loaded on 

molecularly imprinted contact lenses showed a 3.3 and 8.7-fold greater ocular 

bioavailability than non-imprinted contact lenses and eye drops respectively.55 

In one of the study, glaucomatous dogs were tested using timolol loaded into 

silicone hydrogel contact lenses containing Vitamin E as biocompatible 

diffusion barriers showed a higher bioavailability as compared to eye drops.56 

This controlled release of anti-glaucoma drugs can provide greater patient 

compliance as glaucoma patients also needs vision correction. Pilot study for 

glaucoma therapy has also been conducted in humans using contact lenses. 

Patients were given pre-soaked lenses to wear for 30 minutes for 2 weeks. The 

intraocular values were equal to that of eye drop treatment with no toxicity 

noted.57 

 

Contact lenses can also be used for the treatment of dry eye. It is a condition 

when patients do not have enough tears for lubricating the eye. The common 

treatment method is the use of re-wetting agents.58-59 Hyaluronic acid and 

hydroxypropyl methylcellulose are good re-wetting agents. It has been found 

that soaking silicon hydrogel lenses and commercial hydrogel lenses in 

hyaluronic acid solution did not load enough the drug and the release was 

completed under 1 hour.60  However molecularly imprinted hydrogel lenses 

released hyaluronic acid at around 6µg/hr for 24 hours.61   
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1.6. Photosensitizer 

The first law of photochemistry states that "only light absorbed by a molecule 

can produce photochemical change in that molecule". When light encounters a 

molecule, it can either be scattered or absorbed. A molecule that has absorbed a 

quantum of light is said to be excited, and molecules which get excited by the 

absorption of visible light are termed as chromophores. The absorption 

spectrum of a molecule reflects its probability of transition between the ground 

state and any of the vibrational and rotational levels of its first and higher 

excited states.  

Most photosensitizers emit some of the energy from the first excited singlet 

state as fluorescence. Two different spectra are usually measured when the 

fluorescence properties of photosensitizers are evaluated: the fluorescence 

excitation and emission spectra. The fluorescence excitation spectra are 

obtained when the emission is detected at one wavelength, and the excitation 

wavelength is varied. Non-aggregated photosensitizers show identical 

fluorescence excitation spectra and absorption spectra. Whereas, aggregated 

photosensitizers usually show low or no fluorescence. The difference between 

the excitation and emission peak is called the Stoke's shift.70 

The fluorescence properties of photosensitizers may be utilized for the detection 

of cancers. Many photosensitizers preferentially accumulate in neoplastic 
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tissues, and their fluorescence properties may be beneficial in the detection and 

diagnosis of such lesions.  

 

A good photosensitizer should absorb photons efficiently (i.e., high absorption 

coefficient), have a high quantum yield of triplet formation, and the triplet state 

should be long lived to have time to react with neighbouring target molecules.  

Verteporfin is a photosensitizer belonging to the benzoporphyrin group. It is 

used for the treatment of Age Related Macular Degeneration disease (ARMD). 

Porphyrin based photosensitizers are used in photodynamic therapy.71 

 

1.6.1. Eosin Y 

Eosin Y is a red crystalline water-soluble dye. The equilibrium solubility of 

Eosin Y was measured and was found to be 107.77 ± 9.44 mg/mL (n=3) in 

water. It is used in textile dyeing and ink manufacturing industry. Eosin Y 

belongs to the xanthene group of compounds. The sodium salt of this powder 

form is used for biological staining purposes. Eosin is most often used as a 

counter-stain to haematoxylin in H&E (haematoxylin and eosin) staining. Eosin 

Y is an acidic dye and shows up in the cytoplasm. The absorbance wavelength 

of Eosin Y is 524nm.72  

                                          

 

 



32	
		

 

Figure 6: Structure of Eosin Y72 

 

1.7. Liposomes 

Liposomes are spherical shaped vesicles made from non-toxic phospholipids 

and cholesterol. Cholesterol imparts stability to the liposomes.73 Liposomes are 

promising drug delivery system owing to their size, hydrophilic-hydrophobic 

properties. The size of liposome vesicle can vary from 0.025µm to 2.5µm. 

Liposomes may have one or more bilayer membranes. The vesicle size is an 

important parameter in determining the circulation half-life of liposomes in 

systemic circulation. Both size and number of bilayers of liposomes also affect 

the amount of drug entrapped in the liposomes. Based on their size and number 

of bilayers, liposomes can also be classified into one of two categories: 

multilamellar vesicles (MLV) and unilamelar vesicles. Unilamelar vesicles can 

also be classified into two categories: large unilamelar vesicles (LUV) and 

small unilamelar vesicles (SUV).74  
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For a decade, liposomes are being investigated for ophthalmic drug delivery. It 

is a biodegradable and biocompatible nanocarrier. It can enhance the permeation 

of poorly absorbed drug molecules by binding to the corneal surface and 

improving residence time. It can encapsulate both the hydrophilic and 

hydrophobic drug molecules owing to it hydrophobic outer bi-lipid layer and 

inner hydrophilic core. Owing to their versatile nature, liposomes have been 

widely investigated for the treatment of both anterior and posterior segment eye 

disorders. The corneal permeation of liposome is of the order 

SUV+> MLV+> SUV−> SUV>MLV>free drug85 where (+) and (-) indicates 

positive and negative charges respectively.74 

 

1.8. Objective, hypothesis and specific aims 

The objective of this work was to prepare and characterize a photosensitizer 

loaded liposome dispersed in hydrogel film and to study the in vitro release 

characteristics of the photosensitizer from the matrix in the presence and 

absence of a laser which acts as an external stimulus. 

We hypothesize that “Application of an external stimulus (laser) can modify 

the release profile of photosensitizer from the pHEMA hydrogel films.” 
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The specific aims of this investigation are: 

Aim 1: Preparation and characterization of hydrogel films and preparation 

of marker loaded hydrogel films and studying the in vitro release 

characteristics of both hydrophilic and hydrophobic markers from this 

hydrogel matrix. 

Aim 2: Development and validation of a HPLC method for the 

quantification of Eosin Y in aqueous samples. 

Aim 3: Preparation and characterization of Eosin Y liposomes. 

Aim 4: Studying the effect of an external stimulus (laser) on the in vitro 

release of Eosin Y from contact lenses when present in free or in a 

liposome. 
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Chapter 2 

Preparation and characterization of hydrogel films and preparation of 

marker loaded hydrogel films and studying the in vitro release 

characteristics of both hydrophilic and hydrophobic markers from this 

hydrogel matrix 
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2.1. Introduction 

Ocular drug delivery mainly consists of four different routes: topical route, 

injections, systemic administration and surgically implanted devices.62 Till now, 

the most common method employed for treating eye diseases is through topical 

route mainly in the form of eye drops.63 However, due to short residence time, 

only 1-5% of the drug crosses the corneal barrier and reaches the intraocular 

tissues. So, for maintaining therapeutic levels multiple dosing of the eye drops 

is required. To overcome these drawbacks of eye drops, several ophthalmic 

dosage forms have been tested such as suspension of nanoparticles, 

nanocapsules, ocular inserts like collagen shields, etc. Among these, contact 

lenses are being widely studied due to high degree of comfort and 

biocompatibility. On instillation of medicated contact lens in the eye, drug 

diffuses through the lens matrix into the thin tear film named post-lens tear film 

(POLTF) trapped between the lens and the cornea, and the drug has a residence 

time about 30 min in the eye. An increase in the residence time leads to a 

significant increase in the bioavailability. Both mathematical models and 

clinical data suggest that the bioavailability for ophthalmic drug delivery can be 

as large as 50%, which is to around 10 order of magnitude larger than that for 

drops.  

Researchers in the field have identified different material development 

strategies to extend the release time of pharmaceuticals from these lenses. The 
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base material can be modified during the polymerization process like in 

molecular imprinting technique where high affinity cavities are created to retard 

the diffusion of the loaded drug.64 The method of drug loading into the lens can 

also be varied to modify the release rate. The drug can also be loaded and 

attached to the contact lens surface using microemulsion65, cyclodextrins66, 

liposomes67 which encapsulate the drug by providing another barrier to the drug 

diffusion and transport. The diffusion and drug loss from the surface of the 

commercially available lenses can also be modified by using coating or 

diffusion barrier as has been demonstrated for drug used in glaucoma68, 

anaesthetic69 and anti-inflammatory70 drugs from contact lenses. 

Primarily contact lenses were made from hydrogel materials. In the present 

situation, Silicone hydrogel contact lenses are well recognized for their high 

oxygen permeability. Hydrogels are gels in which the liquid phase is water. 

Cross-linking can render these gels insoluble and provide additional mechanical 

strength. Such gels swell by imbibing small to large quantities of water or 

biological fluids keeping their cross-linking points. These gels are 

biocompatible and like natural living tissue. Hydrogels can be adopted to 

perform a variety of biocompatible tasks including controlled and targeted 

solute delivery. Hydrogels are generally synthesized by free radical 

polymerization.71 Poly (hydroxyethyl methacrylate) (p-HEMA) hydrogel is 

synthesised by free radical polymerization using 2-hydroxyethyl methacrylate 
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(HEMA) as the monomer, ammonium persulfate as a catalyst (thermal initiator) 

and ethylene glycol di-methacrylate (EGDMA) as the cross-linker. It was 

invented by Drahoslav Lim and Otto Wichterle for biological use.75 p-HEMA 

functions as a hydrogel by rotating around its central carbon. In air, the non-

polar methyl side turns outward, making the material brittle and easy to grind 

into the correct lens shape. In water, the polar hydroxyethyl side turns outward 

and the material becomes flexible. Pure p-HEMA yields lenses that are too thick 

for sufficient oxygen to diffuse through, so all contact lenses that are p-HEMA 

based are manufactured with copolymers that make the gel thinner and increase 

its water of hydration.76 

                                                                  					

													  

(a)                                                       (b) 

Figure 7:  Structures of (a) Ethylene glycol di-methacrylate and (b) poly-(2-

hydroxyethyl methacrylate)75 
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2.2. Objectives 

• Preparation of p-HEMA hydrogel films. 

• Characterization of p-HEMA hydrogel films 

• Preparation of marker loaded hydrogel films and studying the In vitro 

release characteristics of both hydrophilic and hydrophobic markers from 

this hydrogel matrix. 

 

2.3. Materials 

Table 1: List of materials used for preparation of p-HEMA hydrogel films and 

for evaluating the in vitro release characteristics of model markers from these 

films 

Materials Supplier  

2-HEMA Acros Organics, Lot no: A0352094 

EGDMA Tokyo Chemical Industry Co. LTD., Lot No: 

DICVA-FA 

Ammonium persulfate Sigma-Aldrich, Lot No: 082K1135 

Rhodamine 6G Sigma-Aldrich, Lot No: 0001425911 

FD & C Blue dye Warner Jekinson 

Ethylene glycol Acros Organics, Lot No: A019241801 

Sodium chloride (NaCl) Fisher Scientifics, Lot No: 037047A 
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Potassium chloride (KCl) Sigma Chemical Company, Lot No: 28F-0987 

Calcium chloride(CaCl2) Fisher Scientifics, Lot No: 975163 

 

2.4. Method 

2.4.1.  Preparation of p-HEMA hydrogel films 

The method of preparation involves various steps as depicted in the figure 8. 

Water (4.2 mL) and the cross-linker [21.2 µL of ethylene glycol dimethacrylate 

(EGDMA)] were added to p-HEMA (5.8 mL). The solution was purged with 

nitrogen for 30 minutes and an increasing amount of initiator (ammonium 

persulfate) was added (0.8, 1.0, 1.2, 1.4, and 1.6 mg) to 1 mL of the monomer 

solution. The mixture was poured between two glass plates with a separator of 

254 µm thickness, and was purged further with nitrogen for 20 minutes. The 

glass plates with the monomer solution was placed in an oven at 55°C for 4.5 

hours in a well closed box. Before adding Ammonium persulfate to the 

monomer solution, it is dissolved in ethylene glycol-water (70:30) mixture.  
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Figure 8: Schematic representation of the preparation of p-HEMA hydrogel 

films 

 

2.4.2. Characterization of p-HEMA hydrogel films 

2.4.2.1. Preparation of simulated tear fluid (STF) without enzymes 

Prepared by mixing NaCl (6.8 g), NaHCO3 (2.2 g), CaCl2 (0.08 g), KCl 

(1.40 g) in deionized water (q.s. 1L). The pH of the prepared solution was 

adjusted to 7.4 which was stored at 4°C until needed. 

2.4.2.2. Effect of initiator concentrations 

To study the effect of initiator concentrations on leeching from the hydrogel 

matrix and its influence on the pH of the tear film, hydrogel films were kept in 
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10 mL of simulated tear fluid (STF) (pH 7.4) for 24 hours and pH changes and 

changes in the volume in the fluid was determined.  

2.4.2.3. Transmittance of the hydrogel films 

Samples were punched out from the main hydrogel films having a diameter of 

0.8cm. These samples were then placed on the Biotek glass plates designed for 

measuring the transmittance. The circular shaped samples were then placed on 

the plate. The samples were soaked in water before measurement. The 

transmittance of water was also measured. The transmittance of the hydrogel 

films with different initiator concentrations were obtained using UV-

Spectrophotometer (Synergy H1 Hybrid Reader). The study was done in 

triplicates. 

2.4.2.4. Weight loss of the hydrogel films 

The weight loss of the hydrogel films was determined between 25⁰ C to 120⁰ C 

using Thermogravimetric Analysis (Shimadzu TGA-50). The weight of the 

hydrogel films taken were between 7-10mg. An atmosphere of nitrogen was 

maintained. The heating rate (C/min) was 10.00.  

2.4.2.5. Moisture Content of the hydrogel films 

To confirm whether the weight loss between the specified temperature was due 

to loss of water, the moisture content of the hydrogel films was measured using 

Karl Fischer Tritrimetry (Metler DL18 Karl Fischer Titrator).  



43	
		

2.5. Preparation of marker loaded hydrogel films and studying the in vitro 

release characteristics of both hydrophilic and hydrophobic markers from 

this hydrogel matrix 

 

2.5.1. Preparation of marker loaded hydrogel films 

The two markers used were: FD&C Blue No. 1 Dye and Rhodamine 6G. Here 

FD&C Blue No. 1 dye is being used as the hydrophilic marker, whereas 

Rhodamine 6G is being used as the hydrophobic marker. 

2.5.1.1. Preparation of FD&C blue dye loaded hydrogel films 

FD&C blue dye (282.1mg) was added to DI water (4.2 mL). It was vortexed for 

30 seconds to dissolve the dye. To it 2-HEMA (5.8 mL) and EGDMA (21.2 µL) 

were added and the same procedure was followed as depicted in figure 8.  

2.5.1.2. Preparation of Rhodamine 6G loaded hydrogel films 

Rhodamine 6G(150 µg) was dissolved in 2-HEMA. To it EGDMA (21.2 µL) 

was added. To it, DI water (4.2 mL) and the same procedure was followed as 

depicted in figure 8.  
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2.5.1.3. In vitro release characteristics of FD&C Blue dye from hydrogel 

matrix 

FD&C blue dye is an organic compound. The equilibrium solubility was 

measured and found to be of 337.11 mg/mL (n=1) in water. It is classified as a 

triarylmethane dye. The molar mass of this compound is 792.85 g/mol. To study 

the release characteristics of blue dye dispersed in the hydrogel matrix, each 

circular sample were punched out from each of the films (five hydrogel films 

having different initiator concentrations). These samples were added to each 

scintillation vials containing 10 mL of STF as the release media. The vials were 

shaken continuously in incubator orbital shaker (Thermos Scientific) at the 

speed of 100rpm and the study was conducted at 370C for 24 hours. 300 µL of 

the release media was withdrawn at 0, 1, 2, 3, 4, 6, 10, 16, 24 hours. After every 

withdrawal of the release media, it was replaced with 300 µL of the fresh 

release media to maintain sink condition. To determine the theoretical 

percentage of hydrophilic marker released, the blue dye was detected using UV-

Spectrophotometer (Synergy H1 Hybrid Reader).  

2.5.1.4. In vitro release characteristics of Rhodamine 6G from hydrogel 

matrix 

Rhodamine 6G is a highly fluorescent rhodamine family dye with an 

equilibrium solubility of 1.44 mg/mL (n=1) in water which was measured and 

determined over a period of 48 hours. The molar mass of Rhodamine 6G is 
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479.02 g/mol. To study the release characteristics of Rhodamine 6G dispersed 

in the hydrogel matrix, each circular sample were punched out from each of the 

films (five hydrogel films having different initiator concentrations and the same 

procedure was followed as that for the hydrophilic marker. To determine the 

theoretical percentage of hydrophilic marker released, Rhodamine 6G was 

detected using fluorescence spectroscopy (Synergy H1 Hybrid Reader).  

 

2.6. Results and discussions 

2.6.1. Preparation of p-HEMA hydrogel films 

After 4.5 hours, the hydrogels films are formed. They are cooled down to the 

room temperature. The preparation of hydrogel films needs complete absence of 

oxygen. For this reason, the nitrogen gas is bubbled through the mixture 

monomer solution to remove dissolved oxygen since the oxygen can interfere 

with the polymerization by reacting or forming complexes with the initiator. On 

coming in contact with the oxygen, hydrogel films won’t form irrespective of 

the time the set-up is kept in the oven.  
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Figure 9: Reaction between HEMA and EDGMA to form p-HEMA film 

 

2.6.2. Effect of initiator concentrations 

The pH oF the STF was noted at zero hour and at 24th hour to determine the 

effect of initiator concentrations on leeching from the hydrogel matrix and its 

influence on the pH of the tear film. Table 2. depict the pH at zero hour and at 

24th hour.  

Table 2: pH of STF at 0 hour and at 24th hour (n=3) 

Amount of initiator in 1mL of 

monomer solution (mg) 

pH 

0 hour 24th hour 

0.8 7.52 ± 0.16 7.60 ± 0.18 

1.0 7.47± 0.11 7.58 ± 0.20 

1.2 7.44± 0.06 7.53 ± 0.15 

1.4 7.45± 0.12 7.57 ± 0.20 

1.6 7.45± 0.12 7.55 ± 0.22 
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After observing the changes in the pH over a period of 24 hours, it was found 

that there was no significant (p>0.05) difference in the pH of STF at zero or 24 

hours. This study indicated that initiator concentration does not affect possible 

leaching from the matrix and pH of STF over a period of 24 hours. 

2.6.3. Transmittance of the hydrogel films 

Transmittance properties of contact lenses are of importance for the wearers not 

only for protection from ultraviolet radiation but also for visual performances. 

The UVR (Ultraviolet Radiation) spectrum is subdivided into three bands: UVC 

(100–280 nm), UVB (280–315 nm), and UVA (315–400 nm).77 The UVR 

encountered on the earth cause ocular damage and the damage has significantly 

increased due to decrease in the ozone level in the atmosphere.78 UVR damage 

to the ocular tissues is correlated with the duration of ultraviolet exposure.79 The 

contact lens manufacturers incorporate UV-blocking agents into the chemical 

mixture of their lens material. For a contact lens to be classified as UV-

blocking, the American National Standards Institute standard requires a 

minimum absorption of 95% of UVB and 70% of UVA.77 Figure 10 shows the 

transmittance value of the hydrogel films containing different amount of 

initiator (ammonium persulfate). 
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Figure 10. Transmittance of hydrogel films containing different amount of 

initiator (n=3) 

 

In the region of visible light range (400-700) nm, the transmittance of the 

hydrogel film containing 0.8 mg of initiator is around 48±0.09 %. The 

transmittance of the hydrogel film containing 1.0 mg of initiator is around 

90±0.01 %. The transmittance of the hydrogel film containing 1.2 mg of 

initiator is around 91.4±0.001 %. The transmittance of the hydrogel film 

containing 1.4mg of initiator is around 93.8±0.003 %. The transmittance of the 

hydrogel film containing 1.6 mg of initiator is around 89.8±0.002 %.  

From the result, it can be concluded that with increase in the initiator 

concentration the transmittance around the visible light range increases, which 
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means less amount of light is being absorbed and more amount of light are 

transmitted to interior of the eye which can be attributed to increases of cross-

linking between the monomers (2-HEMA and EGDMA).  

2.6.4. Weight loss of the hydrogel films 

The weight loss of the hydrogel films containing different amount of initiator 

was measured between 250C and 1200C by Thermogravimetric Analysis. 

Thermogravimetric analysis or thermal gravimetric analysis (TGA) is a method 

of thermal analysis in which changes in physical and chemical properties of 

materials are measured as a function of increasing temperature (with constant 

heating rate), or as a function of time (with constant temperature and/or constant 

mass loss). 60 Figure 11 (a-e) shows the weight loss of the hydrogel films 

between 250C and 1200C. 

                                                    

                   

Fig. 11 a: Weight loss from Hydrogel film 
containing 0.8mg/mL initiator was	53.1 ± 10.2 
% (n=3) 

Fig. 11 b: Weight loss from Hydrogel film 
containing 1.0mg/mL initiator was 52.3 ± 
3.2 % (n=3) 
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The TGA data shows that the weight loss within the specified temperatures was 

between 44-55 %. However, to confirm the weight loss is due to moisture 

content Karl Fisher Tritrimetry was performed.  

2.6.5. Moisture Content of the hydrogel films 

The functionality of soft contact lenses depends strongly on the water content 

and the water transport ability and oxygen transmissibility characteristics of the 

soft contact lenses.80-82 The state of water in hydrogel contact lenses has been 

described usually in the terms of free and bound water, which is classified 

Fig. 11 c: Weight loss from Hydrogel film 
containing 1.2 mg/mL initiator was 44.7 ± 
4.0 % (n=3) 

Fig. 11 d: Weight loss from Hydrogel 
film containing 1.4 mg/mL initiator was 
46.2 ± 5.2 % (n=3) 

Fig. 11 e: Weight loss from Hydrogel 
film containing 1.6 mg/mL initiator was 
54.6 ± 3.8 % (n=3) 
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further into non-freezable and freezable part. Two different types of water can 

be present in the hydrogel, one which is loosely bound and one is tightly bound. 

Tightly bound water is associated with water molecules forming hydrogen 

bonds with the polar groups of polymer or interacting strongly with ionic 

residues, and thus is non-freezable under normal conditions, whereas loosely 

bound water covers diverse classes of water species that remain in liquid state 

below the normal freezing temperature, and usually refers to water molecules in 

water-swollen polymer systems which are only loosely associated with polar 

groups through hydrogen bonding but have higher hydrogen bonding energies 

than that of pure water. Free or bulk water refers to the rest of water molecules, 

which have hydrogen bonding characteristic of pure water, and is freezable.83 

The fractions of water in the polymer can be quantifies using differential 

scanning calorimetry (DSC), thermogravimetric analysis (TGA), nuclear 

magnetic resonance (NMR) spectroscopy, infrared spectroscopy, Karl Fisher 

Tritrimetry and chromatography.82 Table 3. Shows the moisture content of the 

hydrogel films with different initiator concentrations. 

 

 

 

 



52	
		

Table 3. Moisture content of the hydrogel films with different initiator 

concentrations (n=3) 

Concentration of initiator 
(mg/mL) 

Percentage of moisture content 

0.8 51.07 ± 1.5 

1.0 50.00 ± 7.8 

1.2 48.82 ± 3.2 

1.4 47.63 ± 4.6 

1.6 45.48 ± 1.4 
 

With increase in the initiator concentration, the moisture content of the hydrogel 

films decreases due to the increase in the crosslinking between the monomers. 

The moisture content of the monomers is almost equal to the moisture content 

of the marketed contact lenses viz. VSO38 (pHEMA Filcon I 1 with water content 

of 38.1%  ±  2) and VSO50 (Copolymer of HEMA and VP Filcon II 1 with water 

content of 48%  ±  2). Both marketed lenses are products of Vista Optics, England.64 
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2.6.6. In vitro release characteristics of FD&C Blue dye from hydrogel 

matrix: 

The in vitro release profile of the hydrophilic marker (FD&C Blue dye) is 

shown in Figure 12.  

 

Figure 12. In vitro release profile of hydrophilic marker over a period of 24 

hours (0.8 to 1.6 represents the initiator concentration in mg/mL) 

 

The release of the blue dye decreases with increase in the initiator 

concentration. Hydrogel films prepared by using 0.8 mg/mL (lowest initiator 

concentration) or 1.6 mg/mL initiator (highest initiator concentration) released 

81.04±2.93% or only 54.34±23.50% (n=3) respectively over a period of 24 

hours.  
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2.6.7. In vitro release characteristics of Rhodamine 6G from hydrogel 

matrix 

 The in vitro release profile of the hydrophilic marker (Rhodamine 6G) is shown 

in Figure 13.  

 

Figure 13. In vitro release profile of hydrophobic marker over a period of 24 

hours (0.8 to 1.6 represents the initiator concentration in mg/mL) 

 

The release of the blue dye decreases with increase in the initiator 

concentration. Hydrogel films prepared by using 0.8 mg/mL (lowest initiator 

concentration) or 1.6 mg/mL initiator (highest initiator concentration) released 

14.01±2.68 % or 5.42±0.54 % (n=3) respectively over a period of 24 hours.  
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From the above two experiments, it is observed that the in vitro release profiles 

of both the makers indicated that the hydrogel films with the higher initiator 

concentration released the least amount of the markers within 24 hours. So, by 

increasing initiator concentration, one can decrease the rate of release of both 

hydrophilic and hydrophobic agents from this hydrogel matrix for a longer 

duration and can sustain the release of drugs for an extended period. 

 

2.7. Summary of specific aim 1 

• Oxygen prevents the formation of p-HEMA hydrogel film and is 

detrimental for the formation of the hydrogel films. 

• No change in pH or volume of STF indicates the hydrogel films neither 

leeched any chemicals nor changed the pH over a period of 24 hours.  

• Transmittance study shows that increase in the initiator concentration 

increases the transmittance of the films in the visible light range (400-

700nm) 

• The moisture content of the hydrogel films is more or less near to that of 

the marketed films which infers the hydrogel films have oxygen 

permeability comparable to the marketed lens. 

• The in vitro release profiles of both the makers indicated that the 

hydrogel films with the higher initiator concentration released the least 



56	
		

amount of the markers within 24 hours. Thus, by increasing the initiator 

concentration, one can sustain the release of drug for an extended period. 
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Chapter 3 

Development and validation of a HPLC method for the quantification of 

Eosin Y in aqueous samples 
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3.1 Introduction 

There are very few methods reported in the literature for quantifying Eosin Y.84 

High performance liquid chromatography (HPLC)-fluorescence approaches are 

employed for sensitive detection of Eosin Y. Reversed phase high performance 

liquid chromatography (RP-HPLC) is used for detection and quantification of 

Eosin Y. In this method, the excitation wavelength was maintained at 511 nm 

and the emissions wavelength was set at 537 nm were kept constant. An Eosin 

Y standard was repeatedly injected with filter positions alternating between a 

cut-off at 280 nm, 370 nm, 435 nm, 530 nm, and no filter. The best signal-to-

noise ratio was achieved with the filter wheel position at 435 nm.  

Eosin Y is a red crystalline water-soluble dye. The equilibrium solubility of 

Eosin Y was measured and was found to be 107.77±9.44 mg/mL (n=3) in water. 

The absorbance wavelength of Eosin Y is 524nm.84  

Since, very few methods are available for the detection and quantification of 

Eosin Y, there was a need for developing a fast, simple, and accurate HPLC 

method for the detection of Eosin Y in aqueous solutions.  

3.2. Objective 

The objectives of this study were: 

• To develop a precise, accurate, and efficient HPLC method for 

quantification of Eosin Y in aqueous solution.  
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•  To validate the developed HPLC method as per the USP guidelines for 

an analytical method. 

3.3. Materials 

Pure Eosin Y was purchased from Acros Organics (Lot No. A0369242). 

Anhydrous Sodium Acetate was purchased from City Chemical Corporation 

(Lot No. 88C93). Glacial Acetic acid was purchased from Fischer Scientific 

(Lot No. 070954). Acetonitrile (Optima grade) was purchased from Fischer 

Scientific (Lot No. 092333). 

3.4. Methods 

3.4.1. Chromatography 

Chromatographic conditions used for the HPLC quantification of Eosin Y are 

shown in Table 4. 

 

Table 4: Chromatographic conditions for the HPLC quantification of Eosin Y 

Parameters Chromatographic conditions 

Mobile phase Acetonitrile: 10mM Sodium Acetate 
buffer (pH 5.5) 
               (40:60) 
 

Column Luna 5µm C18(2), 100Å 
150x4.6 mm 
(Phenomenex) 
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Flow rate 1.4 mL/min 

Run Time 4 min 

Injection volume 20 µL 

Retention time 1.45 min 

Detection RF A Fluorescence Detector 
(excitation- 430 nm, emission- 580 
nm) 
 

 

The HPLC method was validated by following protocols set by the 

United States Pharmacopoeia (USP) and International Conference on 

Harmonization (ICH) 

3.4.2. Preparation of solutions 

3.4.2.1. Preparation of mobile phase 

For the flow of mobile phase, gradient method was used. The aqueous phase 

consists of 10 mM sodium acetate buffer (pH 5.5). It was prepared by 

dissolving Sodium Acetate (820.3 mg) taken in a 1-liter volumetric flask and 

165.9 µL of glacial acetic acid is added to it. Volume is made up to 1 liter with 

0.45 micron filtered water. The pH was adjusted to 5.5 by addition of 

Hydrochloric Acid.  

The organic phase consisted of Acetonitrile (Optima grade).  
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3.4.2.2. Preparation of standard solutions 

For running the standard curve, a series of standard solutions were prepared 

starting from a stock solution of 100 µg/mL. The stock solution was prepared 

by dissolving 10mg of Eosin Y which is taken in a 100 mL volumetric flask and 

the volume is made upto 1oomL with 0.45 micron filtered DI water. 

Various standard solutions (1.700 – 0.053 µg/mL) were prepared by diluting the 

stock solution with 0.45 micron filtered DI water. A single standard curve was 

plotted. 

3.5. Calculations 

The standard curve was obtained by plotting the peak area of the standards on 

Y-coordinate against their respective concentrations on the X-coordinate. The 

concentration of the unknown samples was determined by interpolation using 

the equation of the line of the standard curves.  

 

3.6. Results and discussion 

3.6.1 Specificity 

According to the USP, specificity is the ability of the analytical method to 

unequivocally assess the analyte in presence of other components that may be 

expected to be present which includes impurities, formulation components and 

degradation products.85 A comparison of the chromatograms (Figure 14a and 
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14b) obtained by the injection of blank and standard sample solution showed a 

distinct and well-resolved peak with a retention time of 1.45 minutes. Thus, this 

method is specific to Eosin Y as per ICH guidelines which defines specificity as 

the ability to assess unequivocally the analyte in the presence of components 

that may be expected to be present, such as impurities, degradation products, 

and matrix components. 

 

 

Figure 14a: Chromatogram for blank 
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Figure 14b: Chromatogram depicting specificity for the Eosin Y over the 

blank. 

 

3.6.2. Linearity 

Linearity was tested by injecting seven different standard solutions over a wide 

range of concentration. Peak areas against the corresponding concentrations of 

the standard samples were plotted and linearity was determined by using linear 

regression analysis. The standard curve (Figure 15) was found to be linear (R2 = 

0.9995) over Eosin Y concentration range of 0.053-1.700 µg/mL. This is in 

conformity with the USP requirements which defines the linearity of an 

analytical procedure as its ability to elicit test results that are directly, or by a 

well-defined mathematical transformation, proportional to the concentration of 

analyte in samples within a given range. 
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Figure 15: Standard curve for Eosin Y, linear over the concentration range of 

0.053-1.700  mcg/mL  

3.6.3. Precision 

 USP defines precision of an analytical procedure as the degree of agreement 

among individual test results when the procedure is applied repeatedly to 

multiple samplings of a homogeneous sample. The precision of an analytical 

procedure is usually expressed as the standard deviation or relative standard 

deviation (coefficient of variation) of a series of the closeness of test results 

obtained by that procedure for measurements. Precision was measured on intra- 

and inter-day basis. The results of precision are provided in terms of relative 

standard deviation, also known as co-efficient of variation. The average RSD 

for intra- and inter-day variation was less than 7%.  
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Table 5: Inter-day and intra-day precision for HPLC method for analysis of 

Eosin Y (n=3) 

Concentration Inter-day  Intra-day  

(mcg/mL) Peak area ratio (par) % rsd Peak area ratio 
(par) 

% rsd 

0.053 0.115±0.008 6.75 0.130±0.006 4.94 

0.106 0.113±0.007 5.55 0.149±0.011 7.54 

0.213 0.130±0.004 2.99 0.155±0.006 3.70 

0.425 0.141±0.002 1.34 0.162±0.004 2.20 

0.850 0.148±0.004 2.45 0.166±0.004 2.20 

1.700 0.150±0.005 3.32 0.170±0.001 0.56 
	

3.6.3. Accuracy  

The accuracy of an analytical method should be established across its range. 

The accuracy of this method was determined by injecting three quality control 

samples of known Eosin Y concentration of 0.08 µg/mL, 0.3 µg/mL, and 1.2 

µg/mL. Accuracy was calculated by percentage of concentration measured by 

the assay procedure to the known concentration of sample. This was done in 

accordance to the USP definition of accuracy as the closeness of test results 

obtained by that procedure to the true value. The percentage error was within ± 
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20% which was within the acceptable limits and thus the method was accurate. 

The following formula was used for determination of percent accuracy: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
+,-./0,1	3456,570-7845	
9:,408786-;	𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 	𝑥	100 

 

Table 6: Accuracy results for the HPLC analysis of Eosin Y (n=3) 

Theoretical 
concentration 

(mcg/mL) 

Experimental 
concentration (mcg/mL) 

% 
Accuracy 

0.08 0..078±0.014 

96.90 

0.30 0.298±0.034 

99.33 

1.20 1.120±0.094 93.50 
	

3.7. Summary of specific aim 2 

• The method was validated for the USP specifications for specificity, 

linearity, precision, and accuracy and the results were found to be in 

conformity with the official limits. 

•  Thus, a simple reverse phase method with gradient elution for the quick, 

precise, and accurate determination and quantification of Eosin Y in 

aqueous solution was developed and validated. 
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Chapter 4 

Preparation and characterization of Eosin Y loaded liposomes 
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4.1. Introduction 

To sustain the release of Eosin Y from the hydrogel matrix further, this 

photosensitizer was entrapped within the liposomes and then dispersed into the 

polymer matrix.  

Liposomes are biodegradable and biocompatible in nature. Liposomes usually 

lie within the size range of 10 nm to 1 µm. Liposomes are structurally classified 

based on lipid bilayers as small unilamelar vesicles (SUVs) or multilamellar 

vesicles (MLVs). Based on size, liposomes are classified into small unilamelar 

vesicles (SUVs), giant unilamelar vesicles (GUVs), and large unilamelar 

vesicles (LUVs).87-88 Stability of liposomes depends upon the various properties 

such as surface charge, size, surface hydration, and fluidity of lipid bilayers. 

Surface charge determines interaction of liposomes with ocular membrane. 

Positively charged liposomes display better corneal permeation than the neutral 

and negatively charged liposomes.89 The encapsulated drug from liposome can 

be released either through passive diffusion, vesicle erosion, or vesicle 

retention. In passive diffusion, drug molecules tend to penetrate through the 

lipid layers of liposome to reach extra vesicular layer either by diffusion or 

convection mechanism. The rate of diffusion depends on the size, lipid 

composition, and the properties of the drug itself.89 Unilamelar liposomes shows 

faster release than multilamellar liposome because of increase in the lipid 
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bilayer which delays the release of the encapsulated drug because of extra 

barrier for diffusion.  

In this experiment, we have prepared liposomes of Compritol 888ATO was 

used as the principle lipid component.  

Compritol 888ATO is a glyceride. Its USP name is glyceride behenate. It has 

melting range from 65-770C with a HLB value of 2. It is widely used as a 

pharmaceutical excipient in the field of solid dosage forms due to its lubricating 

properties. It is amphiphilic in nature and can be used to prepare aqueous 

colloidal dispersion. It is used as a lipid carrier for solid lipid nanoparticle 

(SLN) and nanostructured lipid carrier (NLC).  

4.2. Materials 

Compitrol 888 ATO was purchased from Gatefosse (Batch No.  146570). 

Gelucire 50/13 was purchased from Gatefosse (Batch No. 129701). L alpha 

phosphatidylcholine was purchased from Sigma Chemical Co. (Lot No. 

23H7025). Cholesterol was purchased from Fischer Science (Lot No. 

4AFE29ZZ034). D-(+)-Trehalose dehydrate was bought from Sigma Aldrich 

(Lot No. 020M7023). HEPES buffer was purchased from Fisher Scientific (Lot 

No. 990818) 
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4.3. Methods 

4.3.1. Method of preparation of blank liposomes 

The liposomes were prepared by hot melt emulsification method. To prepare 

20mL of o/w emulsion, the oil phase constituted of Compritol 888 ATO (250 

mg), Gelucire 50/13 (150 mg), L- alpha phosphatidyl choline (80mg), 

Cholesterol (4mg) for a total of 500mg of the oil phase. The aqueous phase 

consisted of 20 mL of DI water.   

The components of oil phase were blended together. Then, they were kept in a 

hot water bath at 850C. The aqueous phase is maintained at 850C. Once the oil 

phase reaches 850C, water is added and subjected to probe sonication (Misonix 

Sonicator 3000, Farmingdale, NY) for 10 minutes at 42 watts with pulse mode 

(4 seconds on, 2 seconds off) to form an (o/w) emulsion. Then the prepared 

emulsion was collected and subjected to freeze drying using the Millrock 

Technology LD85 freeze dryer (Kingston, NY). D-(+)-Trehalose dehydrate 

(1%) was added to the emulsion prior to freeze drying as a cryoprotectant.  

4.3.2. Method of preparation of Eosin Y loaded liposomes 

Eosin Y was actively loaded into the liposomes by creating a pH gradient 

between the blank liposome and Eosin Y solution. Here the aqueous phase 

consisted of HEPES Buffer (pH 8.78) (10 mL) and 8mg/mL solution of Eosin Y 

soultion (pKa 3.9-4.9)75 (10mL). The components of oil phase were blended 
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together. Then, they were kept in a hot water bath at 850C. The aqueous phase is 

maintained at 850C. Once the oil phase reaches 850C, 10 mL of HEPES buffer 

was added and subjected to probe sonication (Misonix Sonicator 3000, 

Farmingdale, NY) for 10 minutes at 42 watts with pulse mode (4 seconds on, 2 

seconds off) to form an (o/w) emulsion. The prepared blank liposomal 

formulation is mixed with Eosin Y solution and magnetically stirred overnight. 

Eosin Y loaded liposomal formulation is then washed by dialysis using 

membrane (MWCO: 2000) for 48 hours. The washed product is then subjected 

to freeze drying	using the Millrock Technology LD85 freeze dryer (Kingston, 

NY). D-(+)-Trehalose dehydrate (1%) was added to the emulsion prior to freeze 

drying as a cryoprotectant.  

4.4. Characterization of liposomes 

4.4.1. Measurement of particle size and zeta potential 

The particle size and zeta potential of the liposomes was measured before and 

after freeze drying. The measurements were carried out using Brookhaven 

Zetameter (ZetaPlus, Brookhaven Instruments Corporation, Holtsville, NY). 

One hundred microliters of the emulsion was diluted to 10 mL with 0.45 µm 

filtered water and bath sonicated for 10 minutes, and the particle size and zeta 

potential was measured. The particle size and zeta potential measurement for 

freeze dried liposomes was carried out by making a 0.1 mg/mL solution in 
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filtered water and bath sonicated for 10 minutes. Each sample was measured 

five times. All measurements were performed in triplicates.  

4.4.2. Microscopic characterization of liposomes 

For visualising the morphology of the liposomes, both the freeze dried blank 

and Eosin Y loaded liposomes were prepared for Transmission Electron 

Microscopy (TEM) by coating with Osmium Tetraoxide. The samples were 

then sent to Electron Microscopy Research Lab of University of Kansas 

Medical Centre.  

4.4.3. Drug Loading and encapsulation efficiency 

The amount of Eosin Y loaded into the unwashed actively loaded Eosin Y 

liposomes was performed by dissolving a specific amount of the unwashed 

freeze-dried liposomes in 25 mL of mobile phase solvent system (40% 

Acetonitrile-60% 10mM sodium acetate buffer) and were further diluted using 

the same mobile phase solvent system. The drug content was measured using a 

HPLC system equipped with a RF A Fluorescence Detector (SIL-10AD VP 

Shimadzu). The following formula is used for measuring the drug load: 

𝐴𝑚𝑜𝑢𝑛𝑡	𝑜𝑓	𝑑𝑟𝑢𝑔	𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑	𝑓𝑟𝑜𝑚		𝑢𝑛𝑤𝑎𝑠ℎ𝑒𝑑	𝑙𝑖𝑝𝑜𝑠𝑜𝑚𝑒𝑠
𝐴𝑚𝑜𝑢𝑛𝑡	𝑜𝑓	𝑓𝑟𝑒𝑒𝑧𝑒	𝑑𝑟𝑖𝑒𝑑	𝑢𝑛𝑤𝑎𝑠ℎ𝑒𝑑	𝑑𝑟𝑢𝑔	𝑙𝑜𝑎𝑑𝑒𝑑	𝑙𝑖𝑝𝑜𝑠𝑜𝑚𝑒𝑠	𝑎𝑑𝑑𝑒𝑑 ×100 
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The amount of Eosin Y encapsulated after washing of the liposomes was 

performed by dissolving a specific amount of the washed freeze-dried 

liposomes in 25 mL of mobile phase solvent system (40% Acetonitrile-60% 

10mM sodium acetate buffer) and were further diluted using the same mobile 

phase solvent system. The drug content was measured using the same detector. 

The following formula is used for measuring the encapsulation efficiency: 

𝐴𝑚𝑜𝑢𝑛𝑡	𝑜𝑓	𝑑𝑟𝑢𝑔	𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑	𝑓𝑟𝑜𝑚	𝑤𝑎𝑠ℎ𝑒𝑑	𝑙𝑖𝑝𝑜𝑠𝑜𝑚𝑒𝑠
𝐴𝑚𝑜𝑢𝑛𝑡	𝑜𝑓	𝑑𝑟𝑢𝑔	𝑙𝑜𝑎𝑑𝑒𝑑	𝑖𝑛𝑡𝑜	𝑡ℎ𝑒	𝑙𝑖𝑝𝑜𝑠𝑜𝑚𝑒𝑠 	×100 

4.4.4. Chemical Stability of liposomes 

To know whether these liposomes are chemically stable for a longer period of 

time or not, chemical stability tests of the liposomes was performed as these 

liposomes are made of saturated or unsaturated fats which tend to degrade 

rapidly. The assay was performed by using Cayman Lipid Hydroperoxide 

(LPO) Assay Kit. It measures the hydroperoxides formed by using redox 

reaction with ferrous ions. The kit consists of FTS Reagent 1 (4.5mM ferrous 

sulphate in 0.2 M HCl), FTS Reagent 2 (3% methanolic solution of ammonium 

thiocyanate), Lipid Hydrperoxide standard (50µM ethanolic solution of 13-

hydroperoxy octadecadienoic acid), LPO Assay Extract R (crystalline solid). 

The mechanism of reaction and the steps involved are shown in Figure 16. 
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																	Figure 16: Reaction of hydroperoxide with ferrous ion 

Hydroperoxides are highly unstable and react with ferrous ion to form ferric 

ions. The resulting ferric ions are detected using thiocyanate as the chromogen. 

It is a color reaction. More the amount of peroxided formed, more prominent is 

the color. The absorbance of this coloured product was determined at 500 nm. 

The various steps used in this method is depicted below: 

Aliquot a known amount of sample 

Equal amount of Extract R was added to the sample 

Cold chloroform (1 mL) was added to the mixture 

The mixture was centrifuged at 1500xg for 5 minutes at 00C 

Carefully the bottom chloform layer was collected 

To 500µL of the extract, chloform-methanol (450 µL) solvent was added 

Chromogen was prepared by mixing equal volume of reagent 1 and reagent 2 

To the sample extract, 50µL of the chromogen was added 

The absorbance was measured at 500 nm 
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4.4.5. Moisture content of the freeze-dried liposomes 

The moisture content of the blank and drug loaded freeze dried liposomes was 

determined using Karl Fisher titration (Mettler DL18 Karl Fischer titrator, NJ, 

USA). The titration was carried out using about 20-25 mg of sample. The 

moisture content was determined as a percentage by weight of the liposomes. 

 

4.5. Results and discussions 

4.5.1. Measurement of particle size and zeta potential 

The particle size of blank (both before and after freeze drying) and Eosin Y 

loaded liposomes (both before and after freeze drying) (n=3) were determined 

and shown in Table 7. 

Table 7: Particle size and zeta potential of liposomes 

 Blank 
Liposomes 

 Eosin Y 
loaded 
liposomes 

 

 Before 
Freeze 
drying 

After Freeze 
drying 

Before 
Freeze 
drying 

After Freeze 
drying 

Particle size 
(nm) 

199.0±10.3 207.7±3.2 202.8±14.2 229.2±7.96 

Polydispersity 0.24±0.009 0.22±0.011 0.22±0.009 0.202±0.018 

Zeta Potential 
(mV) 

-45.3±3.3 -37.7±1.4 -37.6±3.3 -39.7±0.51 
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The drug loaded liposomes are found to have slight increase in the particle size 

as compared to the blank liposomes due to encapsulation of the drug. 	

4.5.2. Microscopic characterization of liposomes 

The microscopic characterization of both the blank and Eosin Y loaded 

liposomes are shown in Figures 17a and 17b. 

 

 Figure 17a: TEM image of Blank liposomes 
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  Figure 17b: TEM image of Eosin Y loaded liposomes 

 From the images, we can observe that single unilamelar vesicles are formed. 

The sizes depicted in the above images are around 500 nm. One possible reason 

can be due to the aggregation of the freeze dried liposomal particles which is 

causing an increase in the particle size.  

4.5.3. Drug loading and encapsulation efficiency 

The drug loading of Eosin Y was determined using HPLC. The drug loading for 

Eosin Y loaded liposomes as determined was 19.43±2.4 % (n=3).  

The encapsulation efficiency of Eosin Y was determined using HPLC. The 

percentage encapsulation efficiency was found to be 55.75± 8.09 % (n=3).	
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Thus, with active loading of Eosin Y, we were able to achieve a considerable 

drug load and encapsulation efficiency provided Eosin Y is a hydrophilic drug.  

4.5.4. Chemical stability of liposomes 

The chemical stability of blank liposomes was measure for a period of 32 days 

conduced at three different temperatures (40C, Lab temparature (21-230C), and 

550C). The stability study was conducted at 550C as these liposomes will be 

used during preparation of hydrogel films to make Eosin Y liposomes loaded  

hydrogel films. Table 8 shows the percentage of hydroperoxides formed at 

specified conditions. 

Table 8: Percentage of hydroperoxides formed (n=3) 

No. of days 40C Lab temperature 
(21-230C) 

550C 

0 0.18± 0.05 0.51± 0.5 0.74 ± 0.09 

1 0.10± 0.02 0.15± 0.29 0.77 ± 0.14 

2 0.10± 0.22 0.31± 0.14 0.30 ± 0.31 

4 0.35± 0.15 0.4± 0.16 0.62 ± 0.80 

8 0.35± 0.16 0.40± 0.15 0.32 ± 0.16 

16 0.47± 0.15 0.85± 0.05 9.77 ± 2.4 

32 0.78± 0.05 3.5± 0.98 9.67 ± 0.5 
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From this study, it can be concluded that with increase in temperature, the 

degree of hydroperoxide formation increase with time which means the degree 

of degradation of the liposomes increases. With increase in the number of days, 

the degree of degradation increases. So, the liposomes should be stored at 40C to 

prevent the degradation of the lipids.  

4.5.5. Moisture content of the freeze-dried liposomes 

The moisture content of the blank freeze-dried liposomes was 0.0066±0.002 % 

by weight (n=3).The moisture content of the Eosin Y loaded freeze-dried 

liposomes was 0.0037±0.001 % by weight (n=3). 

The freeze-dried liposomes were devoid of any moisture. To prevent the 

liposomes from absorbing moisture, it is advisable to keep them in air-sealed 

container at 40C. 

4.6. Summary of specific aim 3 

• The particle sizes of both the blank compitrol 888 ATO liposomes and 

Eosin Y loaded liposomes were within 230 nm and the surface charges of 

both the liposomes were above -20 mV which ensures that the liposomes 

are stable. 

• The TEM images infer that the liposomes are single unilamelar vesicles 

• Employing active loading method, a considerable amount of Eosin Y 

could be encapsulated in the liposomes. 
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• The moisture content of the lyophilized liposomes is almost negligible. 
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Chapter 5 

Studying the effect of an external stimulus (laser) on the in vitro 

release of Eosin Y from contact lenses when present in free or in a 

liposome 
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5.1. Introduction 

A photosensitizer is a molecule that produces a chemical change in another 

molecule in a photochemical process. The first law of photochemistry states that 

"only light absorbed by a molecule can produce photochemical change in that 

molecule". When light encounters a molecule, it can either be scattered or 

absorbed. A molecule that has absorbed a quantum of light is said to be excited, 

and molecules which get excited by the absorption of visible light (400-700 nm) 

are named chromophores. The absorption spectrum of a molecule reflects its 

probability of transition between the ground state and any of the vibrational and 

rotational levels of its first and higher excited states.  

Most photosensitizers emit some of the energy from the first excited singlet 

state as fluorescence. The fluorescence excitation spectra are obtained when the 

emission is detected at one wavelength, and the excitation wavelength is varied. 

Non-aggregated photosensitizers show identical fluorescence excitation spectra 

and absorption spectra. Whereas, aggregated photosensitizers usually show low 

or no fluorescence. The difference between the excitation and emission peak is 

called the Stoke's shift.76 
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Figure 18: Schematic illustration of fluorescence excitation and emission 

spectra of photosensitizers 

The objective of this experiment is to determine whether laser acting as an 

external stimuli can modify the release of photisensitizer from the hydrogel 

matrix. To excite the Eosin Y molecule, we have used Argon Ion Laser (514nm) 

.                            

																																									Figure 19: Argon Ion laser 

Optic	fiber	

Lens	

Power	meter	

Sample	
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Argon Ion laser is used to generate light energy of 514nm wavelength which 

passes through the optic fibre and finally passes through the lens and focus on 

the sample placed below the lens. The power meter provides the information 

regarding the intensity of the wavelength in mW/sq.cm. To maintain a constant 

intensity, the distance or gap between the lens and the 96 well plate (having the 

sample) is adjusted every time while exposing the laser. 

The absorbance wavelength of Eosin Y is 524 nm.  

 

5.2. Methods 

5.2.1. Preparation of free Eosin Y loaded hydrogel films 

Free Eosin Y (150.3 mg) was added to DI water (4.2 mL). It was vortexed for 

30 seconds to dissolve the dye. To it 2-HEMA (5.8 mL) and EGDMA (21.2 µL) 

were added and the same procedure was followed as depicted in figure 8. The 

initiator concentration used was 2.4mg/mL of the monomer solution. 

5.2.2. Preparation of free Eosin Y liposomes loaded hydrogel films: 

Around 30mg of drug loaded liposomes were added to DI water (4.2 mL). It 

was vortexed for two minutes to dissolve the dye. To it 2-HEMA (5.8 mL) and 

EGDMA (21.2 µL) were added and the same procedure was followed as 

depicted in figure 8. The initiator concentration used was 2.4mg/mL of the 

monomer solution. 
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5.3. Characterization of Eosin Y liposome loaded hydrogel films 

5.3.1. Transmittance of hydrogel films dispersed with Eosin Y loaded 

liposomes 

 The transmittance of the hydrogel films dispersed with Eosin Y loaded 

liposomes were obtained using UV-Spectrophotometer (Synergy H1 Hybrid 

Reader). As already discussed, the transmittance of the hydrogel films is of 

important criterion as the films should allow ample light to pass through it in the 

visible light  range and block the UV-A light. 

5.3.2. Moisture content of the hydrogel films dispersed with Eosin Y loaded 

liposomes 

The moisture content of the hydrogel films was measured using Karl Fischer 

Tritrimetry (Metler DL18 Karl Fischer Titrator). The moisture content is an 

important parameter to determine the oxygen permeability of the hydrogel 

films.  

5.4. In vitro release profile of hydrogel films without using laser 

In vitro release of both free Eosin Y and Eosin Y loaded liposomes dispersed in 

hydrogel films was studied in 300 µL of STF at 370C over a period of 24 hours. 

Samples were punched out from the both the films containing free and 

liposomes and were kept in each well of 96 well plates. Release media (50 µL) 

was withdrawn at 0, 1, 2, 3, 4, 8, 16, 24 hours. The setup was kept under 
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continuous shaking at the unit 2 of Vortex 2 Genie shaker. The drug content 

was quantified using the fluorescence detector of HPLC.  

5.5. In vitro release profile of hydrogel films using laser 

Samples from hydrogel films of both free Eosin Y and Eosin Y loaded liposome 

were punched out and were kept in each well of 96 well plates. Initially the 

hydrogel films of both free Eosin Y and Eosin Y loaded liposome were exposes 

to Argon Ion Laser for 5minutes and 10 minutes at the intensity of 

0.67mW/sq.cm. Then the In vitro release of both free Eosin Y and Eosin Y 

loaded liposomes dispersed in hydrogel films was studied in 300µL of STF at 

370C over a period of 24 hours. Release media (50 µL) was withdrawn at 0, 1, 

2, 3, 4, 8, 16, 24 hours and was replaced with fresh media. The setup was kept 

under same condition. The drug content was quantified using the fluorescence 

detector of HPLC.  

 

5.6. Results and discussion 

5.6.1. Transmittance of hydrogel films dispersed with Eosin Y loaded 

liposomes 

           The transmittance of the films containing the liposomes in the visible 

light range was 60.24±20.9 %.  
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Figure 20: Transmittance of Hydrogel films dispersed with Eosin Y loaded 

liposomes (n=3) 

As compared to the blank hydrogel films containing the same initiator 

concentrations, the transmittance of the films containing the liposomes 

decreased in the visible light range (400-700nm). The one possible reason is due 

to the dispersion of drug loaded liposomes which is blocking the passage of the 

light through the hydrogel matrix and hence a decrease in the transmittance 

value. 

5.6.2. Moisture content of the hydrogel films dispersed with Eosin Y loaded 

liposomes 

Water content of the hydrogel films dispersed with Eosin Y loaded liposomes 

was 49.4±2.89 % by weight (n=3). With inclusion of the liposomes inside the 

matrix of the hydrogel films, the moisture content was not affected and was like 

the moisture content of the blank films. 
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5.6.3. In vitro release profile of hydrogel films without using laser 

The in vitro release profile of free Eosin Y from the hydrogel matrix is depicted 

in figure 21. At 24th hour the release of Eosin Y was 24.3±3.5%. 

 

Figure 21: In vitro release profile of hydrogel films containing free Eosin Y 

(n=3) 

The In vitro release profile of Eosin Y loaded liposomes from the hydrogel 

matrix is depicted in figure 22. On the 24th hour the theoretical release is 

0.47±0.1%. 

-5

0

5

10

15

20

25

30

35

-1 4 9 14 19 24

%

E
o
s
i
n

Y

r
e
l
e
a
s
e

time	in	hours



89	
		

 

Figure 22: In vitro release profile of hydrogel films containing Eosin Y loaded 

liposomes (n=3) 

From the data, it can be inferred that, liposomal encapsulation is delaying the 

release of Eosin Y from the matrix, hence sustaining the release of drug for an 

extended period. 

5.6.4. In vitro release profile of hydrogel films using laser 

The in vitro release profile of free Eosin Y from the hydrogel matrix is depicted 

in figure 23. On the 24th hour the theoretical release of Eosin Y is 35.9±6.8% 

(samples were exposed to the laser for 5 minutes) and 43.2±19.4% (samples 

were exposed to the laser for 10 minutes).  
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Figure 23: In vitro release profile of free Eosin Y from the hydrogel matrix on 

exposure to laser 

The In vitro release profile of Eosin Y liposomes from the hydrogel matrix is 

depicted in figure 24. At 24th hour the theoretical release of Eosin Y is 

0.79±0.3% (samples were exposed to the laser for 5 minutes) and 1.0±0.6% 

(samples were exposed to the laser for 10 minutes).  
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Figure 24: In vitro release profile of Eosin Y liposomes from the hydrogel 

matrix on exposure to laser 

From the data, it can be inferred that with increase the duration of exposure to 

the laser, the release of the Eosin Y in increasing. So to control the release of 

drug, one can determine the exposure duration to laser to modify the release of 

photosensitizer. 

 

5.7. Summary of specific aim 4 

• The hydrogel films containing Eosin Y showed better absorbance of 

UVA light region whereas the transmittance of light in the visible light 

range decreased. 

• The moisture content is almost same to that of marketed contact lenses. 
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• Liposomal formulation of Eosin Y sustains the release of Eosin Y from 

the matrix of the hydrogel films as opposed to pure Eosin Y. 

• With increase in the exposure to laser, the release of Eosin Y increases. 
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Chapter 6 

Summary and future directions 
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6.1 Summary 

Hydrogel contact lenses dispersed with photosensitizer in liposomes were 

intended for ophthalmic drug delivery to the anterior segment of eye). p-HEMA 

hydrogel films were successfully prepared and characterized. It was found that 

with increase in the initiator concentration, the release of the markers decreased. 

Therefore, for final preparation of liposome dispersed hydrogel films, the 

highest initiator concentration was optimised.  

An efficient and validated HPLC method was developed for the determination 

of Eosin Y in aqueous medium. The chromatographic method used was 

reversed phase with C 18 column for quantification of Eosin Y. The mobile 

phase used consisted of 40% Acetonitrile and 60% 10mM sodium acetate buffer 

(pH 5.5). The flow rate was at 1.4 mL/min with a retention time of 1.45 minutes 

for Eosin Y. 

Liposomal preparation of Eosin Y was successfully prepared by using hot melt 

emulsification method and characterized. The TEM images reveal that the 

liposomes are single unilamelar vesicles. The particle size of the freeze-dried 

particle increased as compared to blank liposomes. The particle size of the 

freeze-dried Eosin Y loaded liposome was 229.2±7.96 nm. The drug loading 

and percentage encapsulation efficiency was 19.43±2.4 % (n=3) and 55.75±8.09 

% (n=3) respectively. The chemical stability data indicated better stability of the 

liposomes, they should be stored at 40C.  
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The liposomes were successfully dispersed into the hydrogel matrix and the 

films were characterized. The transmittance of the liposomes dispersed hydrogel 

films decreased as compared to blank film in the visible light range. However, 

the moisture of the liposome dispersed films were not affected.  

The in vitro release profile of Eosin Y was successfully tested both in presence 

of laser and in absence of laser. In absence of laser, we observed that liposomal 

formulation is providing a hindrance to the release of Eosin Y in addition to the 

presence of hydrogel matrix and further delaying the release of drug as 

compared to free Eosin Y.  

In presence of the Argon Ion Laser (514nm), the duration of exposure to the 

laser speeds up the release of photosensitizer from the hydrogel matrix and can 

act as an external stimulus. By increasing or decreasing the exposure duration to 

laser, one can modify the release of photosensitizer from the p-HEMA hydrogel 

films and can modify the release of drug from contact lenses. 

6.2. Future directions 

The present study involves the preparation and characterization of blank and 

photosensitizer loaded hydrogel films. Here, negatively charged liposomes were 

being tested. However, positively charged liposomes have shown to provide 

better corneal permeability. In the future studies, the system should include  

positively charged liposomes and a comparison between negatively and 

positively charged liposomes can be drawn.  
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The marketed photosensitizer used for Age related macular degeneration is 

Verteporfin (Visudyne). The same ocular drug delivery system can be prepared 

by replacing Verteporfin with Eosin Y and the in vitro release profile of 

Verteporfin studied from hydrogel matrix in presence of laser should also be 

evaluated.  

To determine the photo activation time of Eosin Y, it is needed to determine the 

singlet oxygen quantum yield of Eosin Y. This information will provide the 

optimal exposure time needed for this photosensitizer to be photoactive. 

Lastly in the future in vivo release of the photosensitizer from the hydrogel 

matrix in the presence and absence of laser can be carried out using rabbit as the 

animal model.  
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