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INTRODUCTION 

OCULAR DRUG DELIVERY SYSTEMS 

The well-established method of administering 

medications for the treatment of many eye conditions, 

such as dry eye, conjunctiva, eye flu, etc., is topical 

application to the eye.
[1]

 Topical administration is 

typically preferable to systemic administration for eye 

diseases because any drug molecule supplied through the 

ocular route first passes through the pre-corneal barriers 

before entering the cornea's anatomical barrier. These 

first barriers, which are made up of the conjunctiva and 

tear film, delay the drug's entry into the eye.
[2]

 Blinking, 

baseline and reflex lacrimation, and drainage are some of 

the eye's defence mechanisms that reduce a drug's 

bioavailability and aid in the quick removal of foreign 

objects from the surface of the eye, such as dust 

particles, bacteria, and medications. Regarding 70% of 

the eye dose formulations on the market, the most widely 

accessible ophthalmic medications are drops and 

ointments. However, these preparations are quickly 

removed from the ocular surface after being injected into 

the eye because of the eye's lachrymal nasal drainage and 

blinking tear flow1. A typical dropper for traditional 

ophthalmic solution delivers 50–75 μl of solution per 

drop, and some of these drops quickly drain until the eye 

returns to its normal resident capacity of 7 μl. Very little 

medication is able to reach the cornea and inner tissue of 

the eye as a result of this drug loss in the front of the eye. 

The drug's actual corneal permeability is quite low, and 

the implanted solution typically has a corneal contact 

time of 1-2 minutes in people, which is less than 10%. 

As a result, very little medication truly enters the cornea 

and reaches the intraocular tissue. Owing to these 

restrictions, more recent pharmaceutical ophthalmic 

formulations have been developed in the last three 

decades, including in-situ gel, nanoparticles, liposomes, 

nano-suspensions, micro-emulsions, iontophoresis, and 

ocular inserts. These formulations increase the drug's 

bioavailability in a controlled and sustained manner. The 

optimal ocular medication delivery system must be able 

to release the medication continuously and stay in the 

region in front of the eye for an extended amount of 

time. Optimizing ocular medication delivery is therefore 

required; the best methods for doing so include the 

addition of polymers of different grades, the creation of 

colloidal suspension or the use of erodible or non-

erodible inserts, and the creation of viscous gel to extend 

the pre-corneal drug retention. Bio adhesive systems 
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might be polymeric solutions or suspensions of micro 

particles.
[1–2]

  

 

Because of its intricate anatomical and physiological 

makeup, the human eye is a special organ with distinct 

physiological functions. Its many different structures 

make it difficult to create drug delivery systems for it. 

The main issue with the traditional ocular drug delivery 

method utilizing eye drops is that they are quickly and 

widely removed from the eye, which results in a 

significant loss of the medication.
[3,4]

 Only a tiny 

percentage of a medication in eye drops makes it past the 

corneal layer and into the interior tissues of the eye.
[5,6]

 

The two methods of ocular drug delivery that fall under 

this broad category are those that deal with the anterior 

and posterior portions. Conventional drug delivery 

methods such eye drops, suspensions, and ointments are 

ineffective for treating vision-threatening ocular 

disorders.
[7]

 The disorders that affect the anterior portion 

of the eye are the sites of action for about 90% of the 

ophthalmic formulations on the market, which are in the 

form of eye drops.
[8]

 The posterior portion of the eye 

cannot be reached by topical medication delivery using 

traditional methods. When applied in the cul-de-sac, 

formulations such as eye drops and ointments are rapidly 

removed from the eye area due to lachrymal nasal 

drainage and tear flow. It requires frequent dosage to 

produce a therapeutic effect because the majority of the 

drug is drained away and only a little percentage reaches 

the site of action. The retina, vitreous humour, and 

choroid are all parts of the posterior segment of the eye; 

conditions affecting these areas can be treated with 

intravenous and intravitreal drug delivery systems, 

implants, or by delivering the medication through the 

periocular route; however, a high concentration of the 

medication is also required. 

 

When it comes to ophthalmic drug delivery, the posterior 

portion of the eye is often a target for innovative drug 

delivery techniques.
[9]

 The purpose of this review and 

this study's novelty is to draw attention to the most recent 

advancements in pharmaceutical ophthalmic 

formulations, including the creation of in-situ gels, 

nanoparticles, liposomes, and nano-suspensions, micro 

emulsion, ocular inserts, and so forth, and their 

advancements to address the issues with the current 

conventional dosage forms while simultaneously 

enhancing the drug's bioavailability and sustained release 

at the intended site.
[10]

  

 

Physiology of eye 

The transparent cornea, lens, and blood vessel-free 

vitreous body make up the eye. Aqueous humour, which 

has the same osmotic pressure as blood and high oxygen 

content, carries nutrients and oxygen to this non-vascular 

tissue. The anterior chamber of the eye, which is in front 

of the lens, is filled with 300 μl of human aqueous 

humour. At the cornea-sclerotic junction, a thin layer of 

epithelium covers the cornea and is continuous with the 

conjunctiva. The cornea's primary bulk is made up of 

collagen layers that cross over one another, and it is 

surrounded on both the front and back by elastic lamina. 

An endothelial layer covers its posterior surface. There 

are many free nerve terminals in the cornea. The opaque 

white sclera, which is made of stiff fibrous tissue, 

continues posteriorly from the transparent cornea. The 

intraocular tension that is continuously maintained in the 

eye is tolerated by the cornea and sclera. The four 

structures that make up the lacrimal apparatus are 

responsible for continuously cleaning and lubricating the 

eye. 

1. Lacrimal glands. 

2. Lacrimal canals.  

3. Lacrimal sac. 

4. Nasolacrimal duct. 

 

At a turnover rate of 16% per minute, the lacrimal fluid 

released by the lacrimal glands is drained onto the upper 

eye lids conjunctiva. It passes over the eyeball before 

being picked up by the eyelids' blinking motion. The 

lacrimal sac is compressed by muscles linked to blinking 

reflux; when these muscles relax, the sac swells and 

draws lacrimal fluid from the margins of the eyelids 

along the lacrimal canals into the lacrimal sacs. Human 

lacrimal fluid, an isotonic aqueous solution of sodium 

chloride and bicarbonate with a pH of 7.4 has a volume 

of 7 μl. It is used to remove foreign objects from the 

conjunctival sac or to dilute irritants. It has lysozyme, 

which lowers the number of germs in the conjunctival 

sac due to its antibacterial action. The pre corneal and 

corneal gaps include physiological barriers that prevent 

the medicine from diffusing and being productively 

absorbed when administered topically. The pre-corneal 

limitations of solution drainage, lacrimation, tear 

dilution, tear turnover, and conjunctival absorption are 

the causes of the low bioavailability of traditional ocular 

dose forms.
[11]
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Fig. Eye anatomy and physiology. 

 

The Cornea 

In front of the iris and pupil, the cornea is the most 

anterior component of the eye. The majority of corneal 

nerves are sensory nerves that originate from the 

ophthalmic branch of the trigeminal nerve, making it the 

body's most densely innervated tissue.
[12]

 An adult human 

eye's cornea has a curvature that is relatively stable 

throughout life, with an average horizontal and vertical 

diameter of 11.5 mm and 10.5 mm, respectively.
[13]

 In 

photopic conditions, the optic zone (pre-pupillary 

cornea), which supplies the majority of the cornea's 

refractive function, is situated in the centre of the cornea, 

anterior to the pupil, and has a diameter of 4 mm. The 

branches of the anterior ciliary arteries terminate at the 

cornea's avascular surface. They create arcades that 

supply the peripheral cornea in the limbus.
[14]

 As a result, 

the physiology and pathology of the central and 

peripheral corneas differ greatly. 

 

The epithelium, Bowman's membrane, the lamellar 

storm, Descemet’s membrane, and the endothelium are 

the five distinct layers that make up the human cornea 

(Fig. 3).
[15]

 The tear film covers the surface of the corneal 

epithelium, smoothing out micro-irregularities as well as 

protecting the cornea from microbial invasion and harm 

from chemicals, toxins, or foreign bodies.
[10]

 It is 

composed of an inner water-mucous layer and an outer 

lipid layer. With every eyelid blink, the tear film spreads 

because of interactions between the mucous layer and the 

epithelial cells. 

 

 
FIG. Diagrammatic representation of the cornea's several layers. 

 

Two to three layers of surface cells, two to three layers 

of wing cells, and one layer of basal cells make up the 

corneal epithelium.
[15]

 Because of the existence of micro 

place, which are ridge-like folds of the plasmalemma that 

interact with the tear film on top, the surface of the 

superficial epithelial cells is uneven. Every seven to ten 
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days, a population of pluripotent stem cells that live in 

the palisades of Vogt near the corneoscleral limbus 

renews the corneal epithelium's cells.
[15]

 After migrating 

to the central cornea, the stem cells undergo 

differentiation into transient amplifying cells.
[16,17]

 

Recent studies have also found oligopotent stem cells in 

the corneal epithelium of pigs and mice, indicating that 

corneal stem cells are not limited to the limbus.
[18]

 Cell 

connections provide the corneal epithelium its 

exceptional stability and impermeability.
[15]

 Additionally, 

it has a strong connection to the basal lamina. The latter 

is primarily composed of type IV collagen and laminin 

and is released by the basal cells. Nearly every epithelial 

cell interacts with nerve cells because innervations are 

necessary for the functioning of the epithelium. 

 

The cornea's structural integrity is provided by the 

corneal lamellar stroma, which is 500 µm thick. Collagen 

and proteoglycans, which are ultimately essential for the 

cornea's clarity and moisture, are secreted by stroll 

keratocytes. The Bowman's layer, an acellular zone 10–

15 µm below the basal lamina, separates the stroma from 

the epithelium. From limbus to limbus, collagen fibrils 

are organized in 200–250 parallel lamellae, making up 

the majority of the stromal extracellular matrix.
[19]

 The 

cornea's mechanical strength is attributed to the network 

of collagen fibrils, and corneal transparency depends on 

its regular arrangement. The cornea's mechanical 

strength and dioptric stability are likely influenced by the 

pre-pupillary cornea's more compactly packed fibrils 

compared to the peripheral cornea.
[20]

 Proteoglycans with 

side chains of keratan suffocate or chondroitin 

sulphate/derma-tan sulphate envelop the stromal collagen 

fibrils. These proteoglycans aid in hydration regulation 

and have a crucial structural role. The stroma's main cell 

type, keratocytes, contribute to the organization of the 

tissue. These star-shaped cells interact with the corneal 

epithelium and are connected to one another by lengthy 

cytoplasmic extensions called morphologic and 

functional syncytium. 

 

The Retina 

The tissue that surrounds the vitreous chamber on the 

inside of the eye is called the retina. The optic cup gives 

rise to the vertebral retina during development. The latter 

is created when the optic vesicle, an extension of the 

embryonic forebrain, invaginated. The outside wall of 

the optic cup, which is encircled by the choroid and 

sclera, develops into the retinal pigment epithelium 

(RPE), whereas the inner wall, which surrounds the 

vitreous cavity, eventually becomes the neural 

retina.
[21,22]

 The cornea and sclera around the retina 

protect it and keep it in the proper posture. The Müllerian 

glia serve as the structural core of the neural retina, while 

photoreceptors, bipolar cells, horizontal cells, amacrine 

cells, and ganglion cells comprise the six main types of 

neurons that make up the neural retina. The neuronal 

retina's cells are organized in multiple parallel layers 

(Fig. 4).
[21–23]

 The photoreceptor cells' outer segments are 

located near the RPE, proximal to the nuclei, which are 

located in the outer nuclear layer. Within the inner 

nuclear layer of the retina are the nuclei of the amacrine, 

bipolar, horizontal, and Müllerian glia. There are 

plexiform layers on either side of the inner nuclear layer. 

The photoreceptors of the outer plexiform layer are 

connected to bipolar and horizontal cells, while amacrine 

and bipolar cells create synapses with ganglion cells in 

the inner plexiform layer. The ganglion layer contains 

the ganglion cells' nucleus, while the nerve fibre layer 

contains their axons. The retina is covered in Müllerian 

glia processes. Through the formation of junctional 

complexes with photoreceptors and one another, the 

apical processes create the outer limiting membrane. The 

inner limiting membrane is made up of the vitreal 

processes' opposing end-feet. The Müllerian glia's lateral 

processes make contact with blood vessels and neurons, 

and they establish synapses with axons in the nerve fibre 

layer and dendrites in the plexiform layers.
[21]

 

 

 
FIG. The cells and layers of the retina. 
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Rods and cones are the two types of photoreceptors 

found in the eyes of the majority of vertebrates. Rods are 

around 20 times more common than cones in humans.
[21]

 

Phototransduction, or the transformation of light into an 

electrical signal, is carried out by the photoreceptors. 

Pigments are present in the membranes of the 

photoreceptors' outer segment discs for this reason. The 

pigments in cones, which are in charge of colour vision, 

have absorption peaks in the blue, green, or yellow 

regions of the spectrum. The absorption peak of the rod 

pigments is located in the blue-green region of the 

spectrum. Rods are not involved in colour vision and 

become active in low light levels. 

 

The Tear 

The tear film is one of the precorneal barriers that lowers 

the effective concentration of the medications 

administered because to the tear's dilution
[24]

, faster 

clearance, and drug molecule binding to the tear proteins. 

The turnover rate is about 1 µL/min.
[25]

 Furthermore, the 

cul-de-sac size is just 7–10 µL, while the instillation 

dosage amount is typically 20–50 µL. The extra volume 

can either leave through the nasolacrimal duct or flow 

out onto the cheek.
[26]

 

 

Blood-Retinal Barrier 

Drug transport from the blood into the retina is restricted 

by the blood-retinal barrier (BRB). The tight connections 

of RPE and retinal capillary endothelial cells, known as 

iBRB for the inner BRB and BRB for the outer BRB, 

make up the BRB. There are few vesicles and no 

fenestration in the retinal capillary endothelial cells. 

Endocytosis or transcytosis, which may be receptor-

mediated or fluid phase needing adenosine triphosphate, 

has been defined as the function of these endothelial 

vesicles. Müller cells and retinal capillary capillaries 

have a close spatial interaction that keeps the iBRB 

functioning normally during nutrition intake and 

metabolite disposal.
[27]

  

 

Routes of Ocular Drug Delivery System 

Topical Administration 

Over 95% of marketed ocular medications are 

administered topically, making it the most popular 

method of delivering ocular drugs. Although it is a non-

invasive method, its short residence time and inadequate 

corneal penetration result in a low bioavailability 

(<5%).
[28]

 Additionally, blinking, tear drainage, and 

entering the systemic circulation through the 

nasolacrimal route all lower bioavailability. Frequent and 

high dose concentrations are required for topical 

delivery, which may cause major adverse effects. 

Additionally, patient compliance may be impacted by 

frequent doses.
[28,29]

 Elderly and disabled patients should 

not use topical routes.
[30]

 Terconazole used topically as 

bilosomes demonstrated improved medication safety and 

penetration.
[31]

 High corneal absorption and corneal 

retention were seen when sertaconazole nitrate was 

applied topically as mixed micelles or cubosomes.
[32,33]

 

Higher antifungal activity and more itraconazole 

penetration both in vivo and ex vivo were demonstrated 

by the β-cyclodextrin-based micellar system.
[34]

 

Dorzolamide hydrochloride applied topically as 

proniosomal gels demonstrated regulated ex vivo 

penetration, enhanced bioavailability and stability.
[35]

 

 

 
Fig. Different routes for ocular drug delivery. 
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Intracameral Injections 

Intracameral injections entail administering an antibiotic 

straight into the vitreous cavity or the anterior part of the 

eyeball. It is typically carried out following cataract 

surgery to prevent endophthalmitis, which can be 

brought on by an eye infection. It was recently reported 

that hydrogel functionalized with vinyl sulfone and thiol 

groups could be used for intracameral injection to treat 

glaucoma.
[36]

  

 

Intravitreal Injections/Implants 

An intravitreal injection is a method of administering 

medication to the vitreous near the retina at the rear of 

the eye. One intravitreal injection of vitamin 

E/polylactic-co-glycolic acid microspheres containing 

neurotrophic factor produced from glial cell lines is part 

of a novel therapeutic strategy for glaucoma. For six 

months, this method offered a lasting release. Following 

intravitreal injection of polymer-free dexamethasone 

dimer implants, comparable outcomes were seen.
[37]

 For 

the treatment of diabetic macular oedema and 

neovascular age-related macular degeneration, 

intravitreal injection of the biodegradable Rho kinase and 

protein kinase C inhibitor demonstrated persistent release 

for roughly six months.
[38]

  

 

Retrobulbar Injection 

In order to administer the drug behind the globe into the 

retrobulbar space, a needle is injected via the orbital 

fascia and eyelid. Compared to intravenous 

administration, amphotericin B administered retrobulbar 

had greater antifungal activity.
[39]

 Chlorpromazine 

injections administered retrobulbar Ly are used to treat 

painful blind eyes.
[40]

 Macular oedema caused by retinal 

vein blockage is treated with a retrobulbar injection of 

triamcinolone.
[41]

 

 

Subconjunctival Injection 

When topical medication treatment results in very poor 

drug penetration into the anterior portion of the eye, 

subconjunctival injection is commonly employed. 

Steroid injections under the eyes produced as PEGylated 

liposomes to treat uveitis shown long-lasting anti-

inflammatory action and at least one month of ocular 

tissue targeting.
[42] 

 

When brinzolamide PLGA nanoparticles were injected 

subconjunctivally, the IOP was successfully managed for 

ten days.
[43]

 In mice with graft versus host disease, 

subconjunctival injection of human mesenchymal 

stromal cells guaranteed a significant reduction in 

corneal inflammation and squamous metaplasia.
[44]

  

 

Juxta scleral Injections 

Some posterior portion symptoms that cannot be treated 

with a traditional topical approach are treated with juxta 

scleral injections. It is used to treat conditions associated 

to diabetes, trauma, and cystoid macula oedema. Juxta 

scleral injections of anecortave cortisone, which 

demonstrated prolonged release for six months in the 

choroid and retina, are a novel therapy option for 

AMD.
[45]

 To address retinal genes, sophisticated trans-

scleral microneedles have been developed to deliver 

adeno-associated viruses.
[46]

 

 

Table: Examples of Different Routes of Ocular Drug Delivery. Description of the Investigated Drug, Route of 

Administration, and Major Outcome. 

Model drug Route of administration Major outcome 

Terconazole Topical Enhanced drug permeation and safety 

Sertaconazole nitrate Topical high corneal uptake and corneal retention 

Itraconazole Topical higher ex vivo and in vivo permeation 

Dorzolamide 

hydrochloride 
Topical 

controlled ex vivo permeation, increased stability and 

improved bioavailability 

Agomelatine Topical Sustained drug activity and prolonged drug retention 

Ketoconazole Topical 
Improved corneal permeation, prolonged ocular action, and 

increased bioavailability 

Voriconazole Topical 
Increased drug solubility, efficacy, stability, and duration 

of action 

Amphotericin B Retrobulbar injection Higher antifungal efficacy 

Chlorpromazine Retrobulbar injection Manage blind painful eyes 

Triamcinolone Retrobulbar injection 
Handle macular edema resulted from branch retinal vein 

occlusion 

Dexamethasone Iontophoresis higher efficacy in managing non-infectious anterior uveitis 

Besifloxacin Iontophoresis Increased bioavailability 

Acyclovir Iontophoresis higher permeation and bioavailability 

 

Irrigating Solutions 

These solutions are aseptically prepared without the use 

of preservatives. Surgeons employ them as balanced salt 

to remove blood and cellular waste and keep the eye's 

hydration volume at the proper level.
[47]

 There are 

numerous instances that highlight how crucial these 

solutions are. For instance, employing ketorolac (0.3% 

w/v) and phenylephrine (1% w/v) in the irrigation 

solutions can reduce the length of time needed for 

cataract surgery and prevent pupil miosis.
[48]
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Iontophoresis 

A method for delivering drugs into the back of the eye is 

called iontophoresis. A voltage gradient is used in this 

process. Instruments based on microneedles are used in 

novel systems. In comparison to suprachoroidal 

injection, they had increased the amount of formula that 

was administered to the back of the eye.
[49]

 Compared to 

drug uptake into choroidal capillaries, the duration of 

iontophoretic administration during contact lens use is 

550–1300 times shorter.
[50]

 Higher penetration and 

bioavailability were the outcomes of short-duration 

iontophoresis of the acyclovir prod drug.
[51]

 

Dexamethasone phosphate ocular iontophoresis shown 

improved effectiveness in treating non-infectious anterior 

uveitis.
[52]

  

 

Dosage Forms 

Liquid Dosage Forms 

Eye Drops 

Over 95% of the marketed ocular products are eye drops. 

They administer the drug to the eye's anterior region. 

Their benefits include recognized stability and ease of 

administration. Nevertheless, its drawbacks include a 

short retention period (less than five minutes), low 

bioavailability, and severe adverse effects brought on by 

frequent high concentration delivery.
[53]

 Several nano 

system platforms had been developed to solve their 

drawbacks. Cyclosporine was for mutated as a 

mucoadhesive nano system utilizing poly (D-L lactide)-

b-dextran. Nanoprecipitation technique was adopted for 

the formulation. The final product demonstrated small 

particle size, enhanced permeability, and drug 

retention.
[54]

 Formulation of the antibacterial hesperetin 

as micellar system showed minute particle size, high 

percentage entrapment efficacy, greater penetration, and 

enhanced efficacy.
[55]

  

 

Eye Suspensions 

Ocular suspensions are hydrophobic pharmacological 

dispersions in an aqueous solvent. Because of drug 

retention in the conjunctival cul-de-sac, they have longer 

contact times. During the preparation phase, the tear 

fluid's particle size, solubility, and rate of dissolution are 

crucial.
[56]

 Particles smaller than 10 µm are typically 

more soluble, dissolve more quickly, and are less 

retained on the surface of the eye. On the other hand, 

particles larger than 10 µm may cause tearing and 

irritation of the eyes.
[57]

 One of the drawbacks of ocular 

suspension is its lack of stability. Since the particles have 

a tendency to clump together and are difficult to disperse, 

they cannot be kept in a freezer. Additionally, alterations 

in crystal size during storage will affect the drug's 

solubility and bioavailability. Following their 

administration, hazy vision may also occur. Enhanced 

stability, antifungal activity, and extended retention were 

demonstrated by improved ocular delivery of 

Posaconazole in a polymer system of Carbopol 974P and 

xanthan gum utilizing a high-pressure homogenizing 

approach.
[58]

 A high-speed liquid-liquid shear technique 

was used to create an ultra-fine ocular solution of 

rebamipide. This formulation demonstrated improved 

stability, small particle size, and increased 

transparency.
[59]

  

 

Eye Emulsions 

An emulsion is a biphasic system that has been 

solubilized by the addition of stabilizers or surfactants. 

Delivering hydrophobic medications is one of the 

benefits of ocular emulsions; oil-in-water (O/W) 

emulsion has improved contact time, bioavailability, and 

is less irritating to the eye.
[60]

 The creation of a nano 

emulsion using high-pressure homogenization improved 

the ocular distribution of polymyxin B sulphate and 

dexamethasone acetate. To improve ocular adherence, a 

positive charge inducer was used. The final formulation 

demonstrated improved retention time, decreased particle 

size, and increased stability.
[61]

 Triamcinolone acetonide 

microemulsion was created using the water titration 

method. It demonstrated enhanced permeability and 

reduced particle size.
[62]

 

 

Semisolid Dosage Forms 

Eye Gels 

Eye gels are a semisolid medication with a significant 

water content. its viscosity contributes to its improved 

absorption and retention time. Blurred vision may still 

occur even though gels contain a lot of water. Ocular gels 

could be made from a variety of polymers, including 

carboxymethyl cellulose, hydroxypropyl 

methylcellulose, acrylic acids, and polyacrylic acid.
[63]

 A 

pronioso mal gel of curcumin with improved anti-

inflammatory action and a significant reduction in 

particle size was created using the coacervation 

process.
[64]

 By creating a phytantriol-based lyotropic 

liquid crystalline gel, it was shown that pilocarpine 

increased its ex vivo permeability and retention time. 

The vortex approach was used to create that gel.
[65]

 

 

Eye Ointments 

White petroleum and mineral oil are ingredients in eye 

ointments, which are semisolid dosage forms. Because 

they impair vision, they are exclusively applied to the 

lower eyelid before sleeping. Younger patients frequently 

utilize them. They are a suitable option for medications 

that are lipophilic and moisture sensitive due to their 

anhydrous nature. Compared to solutions, they have a 

longer retention period and greater bioavailability.
[66]

 The 

antiviral medication acyclovir is contained in the eye 

ointment Avaclyr®, which was authorized in 2019 to 

treat herpetic keratitis. Additionally, loteprednol 

etabonate, an anti-inflammatory drug, is enclosed in 

Lotemax®. They both demonstrated improved drug 

release and corneal penetration.
[67]

 

 

Solid Dosage Forms 

Eye Powders 

They are sterile solid dose forms for medications that are 

sensitive to water. 

Cefuroxime, moxifloxacin, and voriconazole are 

administered intracamerally as injectable formulations. 
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Voriconazole is reconstituted in water, whereas 

cefuroxime and moxifloxacin are reconstituted in saline. 

After reconstitution, cefuroxime and voriconazole 

solutions remain stable for seven days. Moxifloxacin 

solution, however, remains stable for 24 weeks.
[68,69]

 

 

Ocular Inserts 

Ocular inserts are biodegradable polymers in a solid dose 

form. They display a drug release model of zero order. 

High residence time, sustained drug delivery, continuous 

release, and fewer adverse effects are some benefits of 

inserts.
[70]

 Triamcinolone acetonide-loaded nanofibers 

were created using the electrospinning process. They 

displayed decreased side effects, systemic absorption, 

and particle size.
[71]

 Additionally, when the insert was 

implanted, sustained bimatoprost activity for several 

months was demonstrated.
[72]

 

 

Therapeutic Contact Lens 

According to recent research, a therapeutic contact lens's 

sustained residence time and close contact with the 

cornea could increase bioavailability by more than 

50%.
[73]

 Compared to traditional eye drops, their 

residence period is ten times longer.
[74]

 Additionally, they 

lessen systemic absorption, the time between doses, and 

the necessary doses.
[75]

 Numerous methods, including 

molecular imprinting, ion ligation, soaking, and the 

utilization of nanoparticles, can be used to contain the 

medication inside contact lenses.
[76,77,78]

 Clinical use is 

hampered by protein attachment, ion and oxygen 

penetration, transmittance, medication loss during 

production or storage, and lens swelling.
[79]

 The 

encapsulation process was used to prepare the 

Dexametha One contact lens. Compared to traditional 

eye drops, it demonstrated a 200-fold increase in drug 

retention in the retina.
[80]

 Chips containing timolol, 

bimatoprost, or hyaluronic acid have been utilized to 

slow down fast medication release.
[73]

 

 

Advanced Techniques in Ocular Drug Delivery 

Systems 

1. Nanoparticles and Nanocarriers 
Liposomes: These tiny lipid vesicles have the ability to 

encapsulate medications, increasing their stability and 

bioavailability while lowering their toxicity.  

Polymeric Nanoparticles: Targeted drug administration 

to the ocular tissues and controlled release are made 

possible by the use of biocompatible and biodegradable 

polymers.  

Solid Lipid Nanoparticles (SLNs): These can lengthen 

the duration of ocular residence and offer a regulated 

release profile. 

 

2. Sustained and Controlled Release Systems                              

Implants and Inserts: By releasing medication over the 

course of days or weeks, implants and ocular inserts, 

such as punctual plugs, can offer prolonged drug 

delivery. 

Systems based on hydrogel: These can expand in 

reaction to external stimuli (such as temperature or pH) 

and release medications as necessary. 

 

3. Microneedles 

By passing through the sclera or conjunctiva, 

transdermal microneedles can deliver medications to the 

eye while avoiding the obstacles seen in conventional 

delivery methods. 

 

4. Smart Drug Delivery Systems 

Smart nanocarriers: outfitted with materials that react 

to stimuli, such as Ph variation or enzyme activity, to 

release medications.  

 

Bioelectronic devices: are those that use electrical 

stimulation to actively deliver medications. 

 

5. Enhanced Penetration Technology (EPT) 
In order to improve drug absorption across ocular 

biological barriers, this approach uses penetration 

enhancers. 

 

Challenges In Ocular Drug Delivery System 

To create ocular delivery systems with excellent 

therapeutic efficacy, the unique challenge of therapeutic 

system design is to attain an ideal drug concentration at 

the active site for the right amount of time. The cornea's 

structure, physiology, and barrier function all affect how 

quickly medications are absorbed. To keep the 

therapeutic drug level in the tear film or at the site of 

action constant, eye drops must be used frequently. 

However, prolonged use of extremely concentrated 

solutions may result in harmful side effects and ocular 

surface cellular damage. 

 

Precorneal loss factors, which include solution drainage, 

lacrimation, tear dynamics, tear dilution, tear turnover, 

conjunctival absorption, non-productive absorption, 

transient residence time in the cul-de-sac, and the relative 

impermeability of the corneal epithelial membrane, are 

the main causes of poor bioavailability of medications 

from ocular dosage forms. These factors also pose a 

significant challenge to anterior segment drug delivery 

after topical administration. Only a tiny portion of the 

medication—roughly 1% or less of the administered 

dose—is absorbed by the eyes as a result of these 

physiological and anatomical limitations. Topical 

formulations must balance hydrophilicity and 

lipophilicity with longer contact times in order to be 

clinically successful.
[81]

 

 

Anterior segment delivery challenges 

Because any drug molecule supplied by the ocular route 

must first traverse the precorneal barriers before reaching 

the cornea's anatomical barrier, topical treatment is 

typically recommended over systemic administration for 

eye disorders. The tear film and conjunctiva are the first 

barriers that prevent an active substance from entering 

the eye quickly. Precorneal loss factors are the primary 

cause of the poor bioavailability of medications from 

ocular dosage forms. 
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Posterior segment delivery challenges 

The strong effectiveness of the blood-retinal barrier 

(BRB) prevents topical ocular drugs from reaching the 

posterior segment pharmacological targets. The same 

mechanisms that cause low ocular bioavailability also 

hinder medications from being delivered to the posterior 

region of ocular tissue. Furthermore, the BRB restricts 

the intravenous route's efficacy for posterior medication 

administration.
[82]

 Systemically injected medications 

cannot enter the retina due to the tight connections of the 

BRB.
[83]

 In order to cure illnesses of the posterior 

segment, high vitreal medication concentrations are 

needed. The admission of drug molecules into the 

posterior portion of the eye is primarily controlled by 

BRB, which is selectively permeable to more lipophilic 

compounds. This leads to the frequent administration of 

large doses of medication, which causes systemic side 

effects.
[84]

 

 

The posterior portion also faces the difficulty of 

maintaining the reduce the frequency of injections and 

maintain a therapeutic medication concentration for 

extended periods of time. Drugs are removed through the 

anterior route, which involves first entering the aqueous 

humor and then exiting through the anterior chamber 

angle. Numerous medications are also removed from the 

body by the posterior route, which passes through the 

blood-retina barrier and into the systemic circulation. 

 

Bioavailability Issues 

- Drugs do not penetrate the corneal epithelium very 

well. 

- The eye drains and washes out quickly. 

 

Patient Compliance 

- Difficulty with regular dosage schedules. 

- Adherence problems brought on by intricate 

administration methods. 

 

Formulation Stability 

- The stability of sophisticated formulations in 

physiological settings presents certain    difficulties. 

 

Regulatory Hurdles 

- New delivery system approval can be a drawn-out and 

challenging process. 

 

Biocompatibility and Toxicity 

- Ensuring that substances employed in innovative 

delivery systems don't cause negative side effects. 

 

FUTURE TECHNOLOGIES 

Smart Nano-Micro Platforms 

Smart refers to a nano-micro matrix that can achieve 

sensor triggering roles with stimuli-responsive features 

and significantly alter its mechanical, thermal, and/or 

optical properties in a controllable or predictable manner. 

In contrast to traditional nanocarriers, smart nano-micro 

platforms can reveal precise reactions to endogenous 

(pH, reactive oxygen species, and biological molecules 

like DNA and enzymes) or exogenous (light, sound, and 

magnetic field) factors. This allows them to perform a 

variety of tasks, including site-specific drug delivery, 

bioimaging, and biomolecule detection. In recent years, 

these fascinating methods have been used to ocular 

administration. These ground-breaking technologies have 

generally been used to improve safety and efficacy, 

reduce side effects, increase drug/agent bioavailability, 

and diagnose and treat cancer.
[85,86]

 Sunitinib 

microparticles, which significantly reduce intraocular 

inflammation in mice models for up to six months, were 

successfully administered by Tsujinaka et al.
[87]

 Solid 

lipid nanoparticles containing miRNA were created by 

Rodriguez et al. as gene therapy.
[88]

 Basuk et al. used 

visible light to demonstrate photo-modulated release of 

bevacizumab that had been pre-loaded.
[89]

 

 

Extracellular Vesicles (Exosomes) 

Different cell types create extracellular vesicles, a type of 

organelle. Extracellular vesicles contain a variety of 

bioactive substances, such as proteins, lipids, RNAs, and 

DNAs. Because of their nanosized, they act as potent 

intercellular triggers that can initiate a variety of 

physiological and pathological effects. They may be 

generated by immune cells in diseased conditions and 

regulate the course of inflammation. They are known to 

play a part in immune-mediated eye conditions such 

corneal allograft rejection and Sjogren's syndrome.
[90]

 

Additionally, by promoting the synthesis of certain 

matrix components, they might promote ocular tissue 

rejuvenation. Further research is necessary to create 

exosome-based ocular delivery devices. To speed up the 

corneal epithelium's healing process, Tang et al. created 

exosomes of mesenchymal stem cells produced from 

pluripotent stem cells.
[91]

 To stop posterior capsular 

opacification, Zhu et al. created exosomes from lens 

epithelial cells that loaded doxorubicin.
[92]

 

 

Tissue Engineering 

There are two categories for tissue engineering 

experiments. Additive tissue engineering is the first kind, 

which replaces tissue or cells or attempts to allow the 

growth of anything that has vanished. Arrestive tissue 

engineering is the second kind, which stops atypical 

growth. Nano systems could be used for tissue 

engineering that is both additive and arrestive. Retinal 

ganglion cell viability testing
[93]

, retinal ganglion cell 

repair
[94]

, nanofiber scaffold creation
[95]

, corneal 

endothelial cell transplantation
[96]

, and suppression of 

retinal cell death
[97]

 are a few instances of nano system-

based tissue engineering. Researchers have started 

looking into the possibility of using nanotools and 

nanomaterials to help the nerve cells in the eye work 

normally again. 

 

Innovations in Clinical Trials 

The lead for innovative treatment comes from ongoing 

clinical trials for various dosage formulations. For 

instance, a semi-solid pilocarpine topical cream is used 

to treat presbyopia. This phase 2 trial, which is 
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multicentre, randomized, double-masked, placebo-

controlled, and parallel group, assesses the cream's safety 

and effectiveness. The research will begin on January 3, 

2022. and will go on through May 2023. Additionally, 

twice-daily Cequa™ (Cyclosporine) ophthalmic 

emulsion. This is a 12-week, single-arm, multicentred, 

phase 4 research. One example of a solid dose form is 

the eye insert Dextenza 0.4 Mg (dexamethasone). The 

purpose of the trial is to evaluate the Dextenza insert's 

safety and effectiveness in treating pain and 

inflammation after corneal transplant surgery. 

 

CONCLUSIONS 

The presence of numerous ocular impediments in the 

front and posterior regions of the eye makes it 

challenging to effectively manage ophthalmic illnesses. 

 

To bring the drug into the intended site of action, a 

variety of ocular routes of administration are employed, 

including topical, intraocular, periocular, and in 

combination with ocular devices. Numerous strategies 

and technologies have been implemented to reduce the 

amount of time between doses, administered dosage, and 

adverse effects, as well as to improve ocular 

bioavailability, drug permeation effectiveness, and 

retention duration through regulated and prolonged drug 

delivery methods. These cutting-edge technologies may 

find extensive use in the management and treatment of 

eye illnesses due to their enhanced medication efficacy 

and demonstrated biocompatibility. More advancements 

in ocular medication delivery systems are anticipated in 

the future to increase patient compliance, maintain and 

improve eye health, and achieve better outcomes in the 

treatment of ocular illnesses. 

 

REFERENCES 

1. Jitendra, Sharma P.K. Banik A. and Dixit S. A New 

Trend: Ocular Drug Delivery System, an Inter. J. of 

Pharma. Sci., 2011; 2(3): 1-22.  

2. Kumar A, Malviya R and Sharma PK. Recent 

Trends in Ocular Drug Delivery: A Short Review, 

European J. Applied Sci., 2011; 3(3): 86-92. 

3. Palani S, Joseph Nisha Mary, Goda CC, Zachariah 

Anish, Ayenew Zelalem. Ocular drug delivery: a 

review. Int J Pharm Sci Res., 2010; 1: 1-1. 

4. Le Bourlais C, Aear L, Zia H, Sado PA, Needham T, 

Leverge R. Ophthalmic drug delivery systems recent 

advances. Prog Retin Eye Res., 1998; 17: 33-58. 

5. Patton TF, Robinson JR. Quantitative precorneal 

disposition of topically applied pilocarpine nitrate in 

rabbit eyes. J Pharm Sci., 1976; 65: 1295-301. 

6. Wood RW, Li VH, Kreuter J, Robinson JR. Ocular 

disposition of poly-hexyl-2-cyano [3-14C] acrylate 

nanoparticles in the albino rabbit. Int J Pharm., 

1985; 23: 175-83. 

7. Hughes PM, Mitra AK. Overview of ocular drug 

delivery and iatrogenic ocular cytopathologies. 

Drugs Pharm Sci., 1993; 58: 1-27.  

8. Lang JC. Ocular drug delivery conventional ocular 

formulations. Adv Drug Delivery Rev., 1995; 16: 

39-43.  

9. Raghava S, Hammond M, Kompella UB. Periocular 

routes for retinal drug delivery. Expert Opin Drug 

Delivery, 2004; 1: 99-114.  

10. Anshul S, Renu S. A review on levofloxacin in situ-

gel formulation. Asian J Pharm Clin Res., 2015; 8: 

37-41. 

11. Venkata RG, Madhavi S, Rajesh P. Ocular Drug 

Delivery: An Update Review,        IJPBS, 2011; 

1(3): 437-446. 

12. Müller LJ, Marfurt CF, Kruse F, Tervo 

TMT. Corneal nerves: structure, contents and 

function. Exp Eye Res., 2003; 76: 521–42. 

13. Rüfer F, Schröder A, Erb C. White-to-white corneal 

diameter: normal values in healthy humans obtained 

with the Orbscan II topography system. Cornea, 

2005; 24: 259–61. 

14. Van Buskirk EM. The anatomy of the limbus. Eye 

(Lond), 1989; 3(Pt 2): 101–8. 

15. Farjo AA, McDermott ML, Soong HK. Corneal 

anatomy, physiology, and wound healing. In: M 

Yanoff, JS Duker, eds. Ophthalmology, 3rd edn. 

Edinburgh, Mosby Elsevier: Elsevier 

Inc., 2009; 203–8. 

16. Daniels JT, Dart JKG, Tuft SJ, Khaw PT. Corneal 

stem cells in review. Wound Repair Regen, 

2001; 9: 483–94. 

17. Dua HS, Shanmuganathan VA, Powell-Richards 

AO, Tighe PJ, Joseph A. Limbal epithelial crypts: a 

novel anatomical structure and a putative limbal 

stem cell niche. Br J Ophthalmol, 2005; 89: 529–32. 

18. Majo F, Rochat A, Nicolas M, Jaoude 

GA, Barrandon Y. Oligopotent stem cells are 

distributed throughout the mammalian ocular 

surface. Nature, 2008; 456: 250–4. 

19. Maurice DM. The transparency of the corneal 

stroma. Vision Res., 1970; 10: 107–8. 

20. Boote C, Dennis S, Newton RH, Puri H, Meek 

KM. Collagen fibrils appear more closely packed in 

the prepupillary cornea: optical and biomechanical 

implications. Invest Ophthalmol Vis Sci., 

2003; 44: 2941–8. 

21. Miller NR, Newman NJ, eds. Embryology, anatomy, 

and physiology of the afferent visual pathway. 

In: NR Miller, NJ Newman, eds. Walsh & Hoyt's 

Clinical Neuro-Ophthalmology, Vol. 1, 6th edn. 

Philadelphia, PA: Lippincott Williams & 

Wilkins, 2005; 3–82. 

22. Schubert HD. Structure and function of the neural 

retina. Marmor MF. Retinal pigment 

epithelium. Roh S, Weiter JJ. Retinal and choroidal 

circulation. In: M Yanoff, JS Duker, eds. 

Ophthalmology, 3rd edn. Edinburgh, Mosby 

Elsevier: Elsevier Inc., 2009; 511–21. 

23. Masland RH. The functional architecture of the 

retina. Sci Am., 1986; 255: 102–11. 



www.ejpmr.com          │         Vol 12, Issue 1, 2025.          │         ISO 9001:2015 Certified Journal         │ 

Patil.                                                                                European Journal of Pharmaceutical and Medical Research 

110 

24. Mishima S, Gasset A, Klyce SD, Baum JR. 

Determination of tear volume and tear flow. Invest. 

Ophthalmol, 1966; 5: 264-276. 

25. Lee V.H, Robinson JR. Topical ocular drug delivery: 

Recent developments and future challenges. J. ocul. 

Pharm., 1986; 2: 67-108. 

26. Schoenwald R.D. Ocular drug delivery. 

Pharmacokinetic considerations. Clin. Pharm., 1990; 

18: 255-269. 

27. Bringmann A, Skatchkov S.N, Pannicke T, 

Biedermann B, Wolburg H, Orkand RK, 

Reichenbach A. Muller glial cells in anuran retina. 

Microsc. Res. Technol, 2000; 50: 384 393. 

28. Elsayed I, Sayed S. Tailored nanostructured 

platforms for boosting transcorneal permeation: 

Box-Behnken statistical optimization, 

comprehensive in vitro, ex vivo and in vivo 

characterization. Int J Nanomed, 2017; 12: 7947–62. 

https:// doi. org/ 10. 2147/ IJN. S1503 66. 

29. Ahmed S, Amin MM, El-Korany SM, Sayed S. 

Corneal targeted fenticonazole nitrate-loaded 

novasomes for the management of ocular 

candidiasis: preparation, in vitro characterization, 

ex vivo and in vivo assessments. Drug Deliv., 2022; 

29(1): 2428–41. 

https://doi.org/10.1080/10717544.2022.2103600. 

30. Maulvi FA, Shetty KH, Desai DT, Shah DO, Willcox 

MDP. Recent advances in ophthalmic preparations: 

ocular barri ers, dosage forms and routes of 

administration. Int J Pharm., 2021; 608: 121105. 

https:// doi. org/ 10. 1016/j. ijpha rm. 2021. 121105 

31. Abdelbary AA, Abd-Elsalam WH, Al-Mahallawi 

AM. Fabrication of novel ultradeformable bilosomes 

for enhanced ocular delivery of terconazole: in vitro 

characterization, ex vivo permeation and in vivo 

safety assessment. Int J Pharm., 2016; 513(1–2): 

688–96. 

32. Abdelbary AA, Abd-Elsalam WH, Al-Mahallawi 

AM. Fabrication of novel ultradeformable bilosomes 

for enhanced ocular delivery of terconazole: in vitro 

characterization, ex vivo permeation and in vivo 

safety assessment. Int J Pharm., 2016; 513(1–2): 

688–96. 

33. Younes NF, Abdel-Halim SA, Elassasy AI. Solutol 

HS15 based binary mixed micelles with penetration 

enhancers for augmented corneal deliv ery of 

sertaconazole nitrate: optimization, in vitro, ex vivo 

and in vivo characterization. Drug Deliv., 2018; 

25(1): 1706–17. 

34. Sayed S, Elsayed I, Ismail MM. Optimization of 

beta-cyclodextrin con solidated micellar dispersion 

for promoting the transcorneal permea tion of a 

practically insoluble drug. Int J Pharm., 2018; 

549(1–2): 249. 60. 

https://doi.org/10.1016/j.ijpharm.2018.08.001. 

35. Sayed S, Abdelmoteleb M, Amin MM, Khowessah 

OM. Effect of formulation variables and gamma 

sterilization on transcorneal permeation and stability 

of proniosomal gels as ocular platforms for 

antiglaucomal drug. AAPS PharmSciTech., 2020; 

21(3): 87. 

36. Chan KC, Yu Y, Ng SH, Mak HK, Yip YWY, van 

der Merwe Y, et al. Intracameral injection of a 

chemically cross-linked hydrogel to study chronic 

neurodegeneration in glaucoma. Acta Biomater, 

2019; 94: 219–31. 

https://doi.org/10.1016/j.actbio.2019.06.005. 

37. Park JG, Callaway NF, Ludwig CA, Mahajan VB. 

Intravitreal metho trexate and fluocinolone 

acetonide implantation for Vogt-Koyanagi Harada 

uveitis. Am J Ophthalmol Case Rep., 2020; 19: 

100859. https:// doi.org/10.1016/j.ajoc.2020.100859. 

38. Glendenning A, Crews K, Sturdivant J, Kopczynski 

C, Lin C-W, de Long M. Sustained release, 

biodegradable PEA implants for intravitreal delivery 

of ROCK/PKC inhibitor AR-13503. 2018. 

39. Safi M, Ang MJ, Patel P, Silkiss RZ. Rhino-orbital-

cerebral mucormy cosis (ROCM) and associated 

cerebritis treated with adjuvant retrob ulbar 

amphotericin B. Am J Ophthalmol Case Rep., 2020; 

19: 100771. 

40. Cosgrove R, Rossow T, Cosgrove M, Siegel M. 

Suspected systemic uptake of chlorpromazine after 

retrobulbar injection. Am J Ophthal mol Case Rep., 

2020; 19: 100801. https:// doi. org/ 10. 1016/j. ajoc. 

2020. 100801.  

41.  Hayashi K, Hayashi H. Intravitreal versus 

retrobulbar injections of tri amcinolone for macular 

edema associated with branch retinal vein occlusion. 

Am J Ophthalmol, 2005; 139(6): 972–82. https:// 

doi. org/ 10.1016/j.ajo.2004.12.087. 

42. Wong CW, Czarny B, Metselaar JM, Ho C, Ng SR, 

Barathi AV, et al. Evaluation of subconjunctival 

liposomal steroids for the treatment of experimental 

uveitis. Sci Rep., 2018; 8(1): 6604. https:// doi. org/ 

10. 1038/s41598-018-24545-2. 

43. Salama HA, Ghorab M, Mahmoud AA, Abdel HM. 

PLGA Nanopar ticles as subconjunctival injection 

for management of glaucoma. AAPS 

PharmSciTech., 2017; 18(7): 2517–28. https:// doi. 

org/ 10. 1208/ s12249-017-0710-8.  

44. Martinez-Carrasco R, Sanchez-Abarca LI, Nieto-

Gomez C, Martin Gar cia E, Sanchez-Guijo F, 

Argueso P, et al. Subconjunctival injection of 

mesenchymal stromal cells protects the cornea in an 

experimental model of GVHD. Ocul Surf, 2019; 

17(2): 285–94. https://doi.org/10. 

1016/j.jtos.2019.01.001. 

45. Agban Y, Thakur SS, Mugisho OO, Rupenthal ID. 

Depot for mulations to sustain periocular drug 

delivery to the posterior eye segment. Drug Discov 

Today, 2019; 24(8): 1458–69. https://doi. 

org/10.1016/j.drudis.2019.03.023. 

46. Yiu G, Chung SH, Mollhoff IN, Nguyen UT, 

Thomasy SM, Yoo J, et al. Suprachoroidal and 

subretinal injections of AAV using transscleral 

microneedles for retinal gene delivery in nonhuman 

primates. Mol Ther Methods Clin Dev., 2020; 16: 

https://doi.org/10.1080/10717544.2022.2103600
https://doi.org/10.1016/j.ijpharm.2018.08.001
https://doi.org/10.1016/j.actbio.2019.06.005


www.ejpmr.com          │         Vol 12, Issue 1, 2025.          │         ISO 9001:2015 Certified Journal         │ 

Patil.                                                                                European Journal of Pharmaceutical and Medical Research 

111 

179–91. https://doi.org/10.1016/j. 

omtm.2020.01.002. 

47. Sobaci G, Tuncer K, Tas A, Ozyurt M, Bayer A, 

Kutlu U. The effect of intraoperative antibiotics in 

irrigating solutions on aqueous humor contamination 

and endophthalmitis after phacoemulsification sur 

gery. Eur J Ophthalmol, 2003; 13(9–10): 773–8. 

https:// doi. org/ 10. 1177/1120672103013009-1007. 

48. Walter K, Delwadia N, Coben J. Continuous 

intracameral phenyle phrine-ketorolac irrigation for 

miosis prevention in femtosecond laser-assisted 

cataract surgery: reduction in surgical time and iris 

manipulation. J Cataract Refract Surg, 2019; 45(4): 

465–9. https:// doi.org/10.1016/j.jcrs.2018.11.004. 

49. Jung JH, Chiang B, Grossniklaus HE, Prausnitz MR. 

Ocular drug deliv ery targeted by iontophoresis in 

the suprachoroidal space using a microneedle. J 

Control Release., 2018; 277: 14–22. https:// doi. org/ 

10. 1016/j.jconrel.2018.03.001 

50. Christopher K, Chauhan A. Contact lens based drug 

delivery to the posterior segment via iontophoresis 

in cadaver rabbit eyes. Pharm Res., 2019; 36(6): 87. 

https://doi.org/10.1007/s11095-019-2625-4. 

51. Chen Y, Kalia YN. Short-duration ocular 

iontophoresis of ionizable aciclovir prodrugs: a new 

approach to treat herpes simplex infec tions in the 

anterior and posterior segments of the eye. Int J 

Pharm., 2018; 536(1): 292–300. https:// doi. org/ 10. 

1016/j. ijpha rm. 2017. 11. 069. 

52. Cohen AE, Assang C, Patane MA, From S, 

Korenfeld M, Avion Study I. Evaluation of 

dexamethasone phosphate delivered by ocular ionto 

phoresis for treating noninfectious anterior uveitis. 

Ophthalmology, 2012; 119(1): 66–73. 

https://doi.org/10.1016/j.ophtha.2011.07.006. 

53. Maulvi FA, Soni TG, Shah DO. A review on 

therapeutic contact lenses for ocular drug delivery. 

Drug Deliv, 2016; 23(8): 3017–26. https:// 

doi.org/10.3109/10717544.2016.1138342. 

54. Liu S, Dozois MD, Chang CN, Ahmad A, Ng DL, 

Hileeto D, et al. Prolonged ocular retention of 

mucoadhesive nanoparticle eye drop formulation 

enables treatment of eye diseases using significantly 

reduced dosage. Mol Pharm., 2016; 13(9):           

2897–905. https://doi.org/ 

10.1021/acs.molpharmaceut.6b00445.  

55. Zhang F, Chen H, Lan J, Song K, Wu X. Preparation 

and in vitro/in vivo evaluations of novel ocular 

micelle formulations of hesperetin with glycyrrhizin 

as a nanocarrier. Exp Eye Res., 2021; 202: 108313. 

https://doi.org/10.1016/j.exer.2020.108313 

56. Schoenwald RD, Stewart P. Effect of particle size on 

ophthalmic bio availability of dexamethasone 

suspensions in rabbits. J Pharm Sci., 1980; 69(4): 

391–4. https://doi.org/10.1002/jps.2600690407.  

57. Li Q, Li Z, Zeng W, Ge S, Lu H, Wu C, et al. 

Proniosome-derived niosomes for tacrolimus topical 

ocular delivery: in vitro cornea per meation, ocular 

irritation, and in vivo anti-allograft rejection. Eur J 

Pharm Sci., 2014; 62: 115–23. https:// doi. org/ 10. 

1016/j. ejps. 2014. 05. 020. 

58. Simta J, Kavita I, Milind B. Novel long retentive 

posaconazole ophthal mic suspension. Pharma Sci & 

Tech., 2020; 4(1): 1–10. https:// doi. org/ 

10.11648/j.pst.20200401.11 

59. Matsuda T, Hiraoka S, Urashima H, Ogura A, Ishida 

T. Preparation of an ultrafine rebamipide ophthalmic 

suspension with high transpar ency. Biol Pharm 

Bull., 2017; 40(5): 665–74. https://doi.org/10.1248/ 

bpb.b16-00962. 

60. Pandey SS, Maulvi FA, Patel PS, Shukla MR, Shah 

KM, Gupta AR, et al. Cyclosporine laden tailored 

microemulsion-gel depot for effec tive treatment of 

psoriasis: in vitro and in vivo studies. Colloids Surf 

B Biointerfaces, 2020; 186: 110681. https:// doi. org/ 

10. 1016/j. colsu rfb. 2019.110681. 

61. Li X, Muller RH, Keck CM, Bou-Chacra NA. 

Mucoadhesive dexa methasone acetate-polymyxin B 

sulfate cationic ocular nanoe mulsion–novel 

combinatorial formulation concept. Pharmazie, 

2016; 71(6): 327–33.  

62. Raval N, Khunt D, Misra M. Microemulsion-based 

delivery of triamci nolone acetonide to posterior 

segment of eye using chitosan and but ter oil as 

permeation enhancer: an in vitro and in vivo 

investigation. J Microencapsul, 2018; 35(1): 62–77. 

https:// doi. org/ 10. 1080/ 02652 048.2018.1425750. 

63. Wagh VD, Inamdar B, Samanta M. Polymers used in 

ocular dosage form and drug delivery systems. Asian 

J Pharm., 2014; 2(1). 

64. Aboali FA, Habib DA, Elbedaiwy HM, Farid RM. 

Curcumin-loaded proniosomal gel as a biofreindly 

alternative for treatment of ocu lar inflammation: in-

vitro and in-vivo assessment. Int J Pharm., 2020; 

589: 119835. 

https://doi.org/10.1016/j.ijpharm.2020.119835. 

65. Wang X, Zhang Y, Huang J, Tian C, Xia M, Liu L, 

et al. A novel phytantriol-based lyotropic liquid 

crystalline gel for efficient oph thalmic delivery of 

pilocarpine nitrate. AAPS PharmSciTech., 2019; 

20(1): 32. https://doi.org/10.1208/s12249-018-1248-

0. 

66. Xu X, Al-Ghabeish M, Rahman Z, Krishnaiah YS, 

Yerlikaya F, Yang Y, et al. Formulation and process 

factors influencing product qual ity and in vitro 

performance of ophthalmic ointments. Int J Pharm., 

2015; 493(1–2): 412–25. https:// doi. org/ 10. 1016/j. 

ijpha rm. 2015. 07. 066. 

67. Bao Q, Newman B, Wang Y, Choi S, Burgess DJ. 

In vitro and ex vivo correlation of drug release from 

ophthalmic ointments. J Control Release., 2018; 

276: 93–101. https:// doi. org/ 10. 1016/j. jconr el. 

2018. 03.003. 

68. Nguyen ET, Shorstein NH. Preparation of 

intracameral antibiotics for injection. J Cataract 

Refract Surg, 2013; 39(11): 1778–9. https:// 

doi.org/10.1016/j.jcrs.2013.08.036.  

https://doi.org/10.1007/s11095-019-2625-4
https://doi.org/10.1016/j.ophtha.2011.07.006
https://doi.org/10.1016/j.exer.2020.108313
https://doi.org/10.1016/j.ijpharm.2020.119835
https://doi.org/10.1208/s12249-018-1248-0
https://doi.org/10.1208/s12249-018-1248-0


www.ejpmr.com          │         Vol 12, Issue 1, 2025.          │         ISO 9001:2015 Certified Journal         │ 

Patil.                                                                                European Journal of Pharmaceutical and Medical Research 

112 

69. Heralgi MM, Badami A, Vokuda H, Venkatachalam 

K. An update on voriconazole in ophthalmology. Off 

Sci J Delhi Ophthalmol Soc., 2016; 27(1): 9–15. 

70. Kumari A, Sharma PK, Garg VK, Garg G. Ocular 

inserts - advance ment in therapy of eye diseases. J 

Adv Pharm Technol Res., 2010; 1(3): 291–6. 

https://doi.org/10.4103/0110-5558.72419. 

71. Mirzaeei S, Berenjian K, Khazaei R. Preparation of 

the potential ocu lar inserts by electrospinning 

method to achieve the prolong release profile of 

triamcinolone acetonide. Adv Pharm Bull., 2018; 

8(1): 21–7. https://doi.org/10.15171/apb.2018.003. 

72. Brandt JD, DuBiner HB, Benza R, Sall KN, Walker 

GA, Semba CP, et al. Long-term safety and efficacy 

of a sustained-release bimato prost ocular ring. 

Ophthalmology, 2017; 124(10): 1565–6. https:// doi. 

org/10.1016/j.ophtha.2017.04.022. 

73. Desai AR, Maulvi FA, Desai DM, Shukla MR, 

Ranch KM, Vyas BA, et al. Multiple drug delivery 

from the drug-implants-laden silicone contact lens: 

addressing the issue of burst drug release. Mater Sci 

Eng C Mater Biol Appl., 2020; 112: 110885. https:// 

doi. org/ 10. 1016/j. msec.2020.110885.  

74. Hui A, Willcox M. In vivo studies evaluating the use 

of contact lenses for drug delivery. Optom Vis Sci., 

2016; 93(4): 367–76. https:// doi. org/ 

10.1097/OPX.0000000000000809.  

75. Hsu KH, Carbia BE, Plummer C, Chauhan A. Dual 

drug delivery from vitamin E loaded contact lenses 

for glaucoma therapy. Eur J Pharm Biopharm, 2015; 

94: 312–21. https:// doi. org/ 10. 1016/j. ejpb. 

2015.06.001. 

76. Maulvi FA, Soni TG, Shah DO. A review on 

therapeutic contact lenses for ocular drug delivery. 

Drug Deliv., 2016; 23(8): 3017–26. https:// 

doi.org/10.3109/10717544.2016.1138342. 

77. Maulvi FA, Parmar RJ, Desai AR, Desai DM, 

Shukla MR, Ranch KM, et al. Tailored gatifloxacin 

Pluronic(R) F-68-loaded contact lens: addressing the 

issue of transmittance and swelling. Int J Pharm., 

2020; 581: 119279. 

https://doi.org/10.1016/j.ijpharm.2020.119279. 

78. Maulvi FA, Parmar RJ, Shukla MR, Desai AR, 

Desai DT, Ranch KM, et al. Plackett-Burman design 

for screening of critical variables 1 3  and their 

effects on the optical transparency and swelling of 

gati f loxacin-Pluronic-loaded contact lens. Int J 

Pharm., 2019; 566: 5139. 

https://doi.org/10.1016/j.ijpharm.2019.06.008. 

79. Maulvi FA, Shetty KH, Desai DT, Shah DO, Willcox 

MDP. Recent advances in ophthalmic preparations: 

ocular barri ers, dosage forms and routes of 

administration. Int J Pharm., 2021; 608: 121105. 

https:// doi. org/ 10. 1016/j. ijpha rm. 2021. 121105. 

80. Ross AE, Bengani LC, Tulsan R, Maidana DE, 

Salvador-Culla B, Kobashi H, et al. Topical 

sustained drug delivery to the retina with a drug-

eluting contact lens. Biomaterials., 2019; 217: 

119285. 

https://doi.org/10.1016/j.biomaterials.2019.119285. 

81. Anand BS, Dey S, Mitra AK. Current Prodrug 

strategies via membrane transporters/receptors. 

Expert Opin Boil Ther., 2002; 2: 607-20. 

82. Peyman GA, Ganiban GJ. Delivery systems for 

intraocular routes. Adv Drug Deliv Rev., 1995; 16: 

107-23.  

83. Janoria KG, Gunda S, Boddu SH, Mitra AK. Novel 

approaches to retinal drug delivery. Expert Opin 

Drug Deliv, 2007; 4: 371-88.  

84. Duvvuri S, Majumdar S, Mitra AK. Drug delivery to 

the retina: challenges and opportunities. Expert Opin 

Biol Ther., 2003; 3: 45-56. 

85. Ding H, Shu X, Jin Y, Fan T, Zhang H. Recent 

advances in nano material-enabled acoustic devices 

for audible sound generation and detection. 

Nanoscale, 2019; 11(13): 5839–60. https:// doi. org/ 

10. 1039/ c8nr09736d.  

86. Xie Z, Chen S, Duo Y, Zhu Y, Fan T, Zou Q, et al. 

Biocompatible two-dimensional titanium nanosheets 

for multimodal imaging-guided cancer theranostics. 

ACS Appl Mater Interfaces, 2019; 11(25): 22129. 

40. https://doi.org/10.1021/acsami.9b04628.  

87. Tsujinaka H, Fu J, Shen J, Yu Y, Hafiz Z, Kays J, 

et al. Sustained treatment of retinal vascular diseases 

with self-aggregating sunitinib microparticles. Nat 

Commun, 2020; 11(1): 694. https:// doi. org/ 10. 

1038/s41467-020-14340-x. 

88. Del Pozo-Rodriguez A, Solinis MA, Rodriguez-

Gascon A. Applica tions of lipid nanoparticles in 

gene therapy. Eur J Pharm Biopharm, 2016; 109: 

184–93. https://doi.org/10.1016/j.ejpb.2016.10.016.  

89. Basuki JS, Qie F, Mulet X, Suryadinata R, Vashi AV, 

Peng YY, et al. Photo-modulated therapeutic protein 

release from a hydrogel depot using visible light. 

Angew Chem Int Ed Engl, 2017; 56(4): 966–71. 

https://doi.org/10.1002/anie.201610618.  

90. Li N, Zhao L, Wei Y, Ea VL, Nian H, Wei R. Recent 

advances of exosomes in immune-mediated eye 

diseases. Stem Cell Res Ther., 2019; 10(1): 278. 

https://doi.org/10.1186/s13287-019-1372-0.  

91. Tang Q, Lu B, He J, Chen X, Fu Q, Han H, et al. 

Exosomes-loaded thermosensitive hydrogels for 

corneal epithelium and stroma regen eration. 

Biomaterials, 2022; 280: 121320. https:// doi. org/ 

10. 1016/j. biomaterials.2021.121320.  

92. Zhu S, Huang H, Liu D, Wen S, Shen L, Lin Q. 

Augmented cellular uptake and homologous 

targeting of exosome-based drug loaded IOL for 

posterior capsular opacification prevention and 

biosafety improvement. Bioact Mater, 2022. 

https://doi.org/10.1016/j.bioactmat.2022.02.019.  

93. Ellis-Behnke RG, Liang YX, You SW, Tay DK, 

Zhang S, So KF, et al. Nano neuro knitting: peptide 

nanofiber scaffold for brain repair and axon 

regeneration with functional return of vision. Proc 

Natl Acad Sci U S A., 2006; 103(13): 5054–9. 

https:// doi. org/10.1073/pnas.0600559103.  

94. Ellis-Behnke R, Jonas JB. Redefining tissue 

engineering for nano medicine in ophthalmology. 

https://doi.org/10.4103/0110-5558.72419
https://doi.org/10.15171/apb.2018.003
https://doi.org/10.1016/j.ijpharm.2020.119279


www.ejpmr.com          │         Vol 12, Issue 1, 2025.          │         ISO 9001:2015 Certified Journal         │ 

Patil.                                                                                European Journal of Pharmaceutical and Medical Research 

113 

Acta Ophthalmol, 2011; 89(2): e108 14. 

https://doi.org/10.1111/j.1755-3768.2010.01982.x.  

95. Lee J, Boo C, Ryu WH, Taylor AD, Elimelech M. 

Develop ment of omniphobic desalination 

membranes using a charged electrospun nanofiber 

scaffold. ACS Appl Mater Interfaces, 2016; 8(17): 

11154–61. https:// doi. org/ 10. 1021/ acsami. 6b024 

19. 

96. Ellenberg D, Shi J, Jain S, Chang JH, Ripps H, 

Brady S, et al. Impediments to eye transplantation: 

ocular viability follow ing optic-nerve transection 

orenucleation. BrJOphthalmol, 2009; 93(9): 113440. 

https://doi.org/10.1136/bjo.2008.155267.  

97. Kalishwaralal K, Barathmanikanth S, Pandian SR, 

Deepak V, Gurunathan S. Silver nano - a trove for 

retinal therapies. J Con trol Release, 2010; 145(2): 

76–90. https:// doi. org/ 10. 1016/j. jconr 

el.2010.03.022. 


