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ABSTRACT 

Glaucoma is related to neurodegenerative disease associated with intraocular pressure within the eye. It leads to loss of 

vision and decreased contrast sensitivity gradually over time by damaging the optic nerve, which causes. Ocular inserts 

are sterile, thin, multi-layered delivering devices with biodegradable drug material, inserted into the lower eyelid which 

release the medication at sustained and increased contact time of medication into the eye may increase the bioavailability 

of medication. Eye drops require frequent medication administration and medication loss leads to less bioavailability but 

the ocular inserts improve the patient’s convenience by preventing the frequent administration of reduced dose dumping 

into the eye. It releases the medication by process of osmosis, diffusion, bioerosion, and sustained release into the eye to 

increase the bioavailability. Ocular inserts are classified based on their solubility profile are soluble inserts, insoluble 

inserts, and bioerodible inserts. It is prepared by solvent casting, mold preparation, gel foam disc, hot melt extrusion, and 

glass substrate technique method. This article is an attempt to present a detailed review of ocular inserts as an advanced 

drug delivery for glaucoma. 
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Fig.1 Graphical Abstract 

 

INTRODUCTION 

Ocular inserts are sterile drug-delivering devices with 

solid or semi-solid consistency formulations that are 

placed between the conjunctival sac surface of the eye 

and the lower eyelid. Polymeric systems fabricated the 

inserts and they usually contained drug or drug-free 

inserts. It can be manufactured in a variety of sizes and 

shapes but are usually thin multi-layered cylinders. 

Normally, the drug is loaded into the polymeric system 

either in solution or as a dispersion. Ocular inserts 

provided a sustained release of a drug, and prolonged 

retention in the precorneal as a result ocular absorption 

was increased. The mechanism of drug release from 

ocular inserts by diffusion, osmosis, and bioerosion.1 

The therapeutic efficacy for ocular delivery was 

enhanced by increased contact time with the corneal 

surface, while developing eye drops, or eye ointment 

viscosity enhancers were used for this purpose. 

Unfortunately, these dosage forms give marginal 

sustained release of medication as a result bioavailability 

of eye drops in ocular delivery was very poor, and 

frequent administration was required to obtain desired 

therapeutic effects. To overcome these problems, most 

of the studies recently on ocular inserts, to sustained 

release of medication with one or more active substances 

but it has some challenging tasks, preventing irritation to 

patients while inserting inserts into patients. These 

inserts are formulated with solid or semi-solid 

consistency and various shapes based on ophthalmic 

application.2 

 

Glaucoma  

Glaucoma contributes irreversible blindness to over 80 

million people by 2020, it may increase to 111.8 million 

by 2040. It has a prevalence of 3.5% in 40-80 aged 

people.3 This is also called the silent thief of sight 

because in the early stages, most patients do not 

experience any symptoms and are undiagnosed, only 

patients can experience symptoms at advanced levels of 

disease progress so additional care should be taken to 

treat glaucoma. It affects the transmission of images to 

the brain by damaging the optic nerve, which leads to 

irreversible vision loss over time. Although there is no 

permanent cure for glaucoma, only patients can manage 

their condition within levels, only regular checkups by 

doctors can treat glaucoma before causing irreversible 

vision loss because restoring the lost vision is not 

possible, and maintaining intraocular pressure within the 

condition is the only option to prevent optic nerve 

damage.4 The main cause of glaucoma, aqueous humor 

usually follows outside by mesh-like structure in the eye. 

If the channels get blocked it build up fluid too much 

inside the eye which increases the intraocular pressure in 

that case most blockage is not known but more chances 

to get it from genetic reasons. The less common factors 

for glaucoma include chemical injury to the eye, 

infection, inflammatory condition in eye, and surgeries 

done for other conditions in the eye.5. Graphical 

illustration of normal and eye with glaucoma shown in 

Fig.2. 
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Fig.2 The difference between the normal eye and eye with glaucoma 

 

VARIES GLAUCOMA CONDITIONS 

Primary open angle glaucoma   

This is also called as wide angles Glaucoma, trabecular 

meshwork looks good in shape and functioning normally 

however fluid doesn't exit from eyes which build the 

more fluid and increased intraocular pressure.6 

 

Normal Tension glaucoma   

Eye pressure is within the normal range but blind patches 

in vision damages the nerve responsible for vision 

transformation and leads to vision loss.6 

 

Angle closure glaucoma 

This Angle closure or narrow angle glaucoma, the drain 

between the iris and cornea becomes too small, prevents 

the tear fluid draining as normal. So intraocular pressure 

suddenly increased. It has been related to cataracts, 

farsightedness.6 

 

Secondary angle closure glaucoma  

This occurs due to a different condition, such as diabetes, 

cataracts, uveitis (inflammation on eye) and eyes might 

be bothered by bright lights (light sensitivity or 

photophobia).6 

 

Pigmentary glaucoma 

 Drainage canals of eyes get clogged with minute 

particles of pigment from iris.6 

 

Plan of glaucoma treatment 

Intraocular pressure can be reduced and vision loss can 

be preserved by using medicine, laser therapy, and 

surgery, but each individual will respond to each kind of 

treatment based on their disease condition and severity.3 

 

MEDICATIONS FOR GLAUCOMA 

TREATMENT 

Eye is an organ with a blood ocular barrier which has 

challenges to pass pills or injections to the bloodstream, 

presence of blood ocular as barrier. To overcome this 

blood ocular barrier, medications are administered to the 

surface of the eye. Eye drops or eye ointments are 

medication absorbed into the eye by natural circulation. 

Most glaucoma medications are exclusively offered as 

eye drops. They are works based on the principle of 

reducing intraocular pressure within the eye by 

increasing fluid outflow from the eye. which was 

administered 1 to 4 times a day. Recently various 

treatment options are also available for glaucoma.7 

 

Prostaglandin analogues  

Prostaglandin analogs act as vasodilators which dilates 

the blood vessels and facilitates the tear fluid exit from 

the eye, later eliminated by the lymphatic system.8 The 

mechanism of prostaglandin analogues illustrated in 

Fig.3 and  analogues listed in Table 1. 
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Fig.3 Prostaglandin analogues 

 

Table 1 Prostaglandin analogues 8 

Medication Brand name (Eye drops) 

Latanoprost  Xalatan® 

Unoprostone  Rescula® 

Tafluprost  Zioptan® 

Travoprost Travatan® 

Bimatoprost   Lumigan® 

                                          

Beta adrenergic blockers 

Beta blockers alter the nervous system response by binding with receptors as a result the body secretes less aqueous humor 

and lowers your IOP by an average of 20–27% in glaucoma.9 Fig.4 shows an example of a beta adrenergic blocker. 

 
Fig.4 beta blockers 
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Alpha adrenergic agonist 

This decreases the synthesis of aqueous fluid and 

improves aqueous humor exit through the uveoscleral 

route, resulting in a 13–29% drop in intraocular 

pressure.10 Fig.5 displays an example of an alpha 

adrenergic agonist. 

 

 
Fig.5 Alpha adrenergic agonist 

 

Carbonic anhydrase inhibitors  

Aqueous humor volume is decreased by blocking the 

enzymes that produce it. IOP may decrease about 15% 

to 20%. which also increases blood flow to the eye.11 

Fig.6 shows an illustration of an inhibitor of carbonic 

anhydrase. 

 

 
Fig.6 Carbonic anhydrase inhibitors 

 

Cholinergic agents 

These drugs open the drainage pathways and increase 

outflow to the glaucoma patient whose pupil size was 

much smaller, resulting in a 15–25% decrease in IOP.12 

An illustration of cholinergic agents can be found in Fig 

7. 
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Fig.7 Cholinergic agents 

Combination medication 

Combination pharmaceuticals are made by two or more 

of the drugs that combine together in one formulation to 

produce superior results.13 The glaucoma drug 

combination displayed in Table 2 

 

Table 2 Combination medication 13 

Drug  Eye drops(Brand name)  

Timolol and Dorzolamide  Cosopt® 

Timolol and Latanoprost  Xalacom® 

 Timolol and Brimonidine   Combigan™ 

Brimonidine and Brinzolamide  Simbrinza™ 

 

SURGERY FOR GLAUCOMA  

Surgery can reduce IOP effectively, in some situations, 

it will return pressure to normal level for a while without 

the need for any medication. Even Though surgery is 

chosen rarely for the initial course of treatment because 

it has some possible complications. Another reason 

while exceedingly bad outcomes of surgery often have 

more severe implications compared with medicine. 

That's why doctors will suggest surgery only when 

unable to use eye drops or other drugs, and don't reduce 

IOP. The majority of glaucoma surgical techniques 

reduce IOP by creating additional passageways to drain 

the aqueous humor and modify the tissues to reduce 

obstacles. surgically, the ciliary body reshaped lessen 

aqueous humor production. Surgery most likely to drop 

IOP sufficiently, minimizing or eliminating the need for 

other treatments to get medicine for glaucoma treatment. 

There is no assurance that any treatment selected will be 

effective for initially decreasing IOP or not. But in most 

circumstances, it could be feasible to try or repeat the 

process if the intended reduction in IOP is not 

achieved.14 

 

Laser treatment 

Compared with surgery, Laser operations have less pain, 

edema, and scarring because a laser focused light beam 

penetrates into the tissue more fast and precisely. 

Successful sealing off of blood vessels and nerve 

endings in the eye may be a quicker recovery time. IOP 

decrease by laser operations varies based on age of 

patient, type of glaucoma they have, any additional 

medical issues they may have. A laser process is 

generally quite safer than surgery, and can be safely 

repeated if more sessions are required.15 

 

Trabeculoplasty 

This laser treatment makes aqueous humor drainage 

process simpler. It can be done in a variety of ways. 

● Selective laser trabeculoplasty (SLT) enlarges the 

channels for fluid drainage by selectively targeting 

cells in the trabecular meshwork with a low-level laser. 

The process can be repeated because it preserves some 

of the meshwor.16 

●  Argon laser trabeculoplasty directs trabecular 

meshwork by high energy laser beam. It enlarges the 

closed channels to new openings in blocked channels. 

To reduce the overcorrection, just half of the channels 

are typically treated at once, with the remaining 

channels being treated later, if necessary.17  

● Micropulse Laser Trabeculoplasty uses microbursts of 

laser radiation. It reduces pressure similarly to SLT 

and ALT.18 

● Laser peripheral iridotomy is used to treat fluid 

blocked by too small an angle between iris and cornea; 

lasers create some holes in the iris. 19 

 

Conventional glaucoma surgery 

It is also called filtering surgery, which reduces IOP by 

a new pathway for aqueous humor drain. This method 

was frequently lifted and then reinstalled. It function as 

a filter, new openings increases outflow humor more 

gradually as a result, eye pressure is stabilized. 20 

 

Trabeculectomy  
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Trabecular meshwork is removed during this process to 

alternative drainage pathways. Incision made in the eye 

where the sclera meets the iris. Sclera is protected by the 

conjunctiva. Removing a little piece of the tissue at 

tubular meshwork makes a temporary flap-like opening 

through both layers. Through the openings aqueous 

humor flows and is absorbed by the blood vessels around 

the eye. The aqueous humor forms a bleb moves toward 

the surface of the eye.21 

 

Trabectome® 

A tiny incision is made in the co transparent layer that 

covers the cornea, after numbed. Part of trabecular 

meshwork cutted to increase fluid outflow. The eye does 

not have a permanent hole. It reduces IOP by about 30 

%. 22 

 

Canaloplasty  

A tiny incision is made to access the Schlemm's canal 

opening in trabecular meshwork. The canal, then cleared 

by inserting a microcatheter. 23 

 

Drainage Implant Devices 

Implants placed into the eye to create an additional 

drainage channel. Implants may be used when other 

treatments haven’t been successful. The plate of 

implants is situated at the back of the eye and the tube 

extends to the conjunctiva. The tube collects drains and 

is absorbed by capillaries.24 

 

Drainage Implant Devices 

Implants placed into the eye to create an additional 

drainage channel. Implants may be used when other 

treatments haven’t been successful. The plate of 

implants is situated at the back of the eye and the tube 

extends to the conjunctiva. The tube collects drains and 

is absorbed by capillaries.24 

 

OCULAR INSERTS 

Ocular inserts are drug delivering sterile materials with 

solid or semisolid formulation, providing optimal 

suitability for ocular applications. Ocular inserts contain 

one or more drugs integrated in the form of a solution or 

dispersion. Enhancing the duration of the active drug 

form's retention in the eye is the primary goal of using 

ophthalmic inserts, as this guarantees a suitable 

sustained release. 25 Example of some of commercially 

available ocular inserts depicts in Table 3. 

 

Benefits of using inserts as ocular delivery are 

following  

1.  Less doses administered, which results in higher 

patient compliance 

2.  It is possible to lessen harmful effects by reducing 

systemic side effects 

3. Precise dose (as opposed to ocular drops, which the 

patient may inject incorrectly and partially miss) 

4. Insert manufactured with specific dose, its entirely 

retained at administration 

5. Preservative usage restrictions would lower the 

likelihood of hypersensitive reactions. 

 

Table 3 Example of some of commercially available ocular inserts 48 

S.NO NAME COMPANY COMPOSITION INGREDIENTS USES AVANTAGES 

1 Ocusert 

 

Alza  

Corporation 

 

Oval 

Shaped 

 

Pilocarpine, 

Alginic Acid, 

copolymers 

Treatment 

of Dry 

eye  

Quick 

absorption an 

patients 

convenience 

2 Soluble 

ocular drug 

inserts 

Alza 

corporation 

Oval shaped Acrylamide, vinyl 

pyrrolidone 

Treatment 

of 

glaucoma 

Better patient 

compliances 

3 Collagen 

shiels 

Bausch and 

lomb 

pharmaceuticals 

Ring shape Silicon base prepolymer Dry eye 

syndrome 

Improve 

patience 

compliances 

4 Lacrisert Merck and co. 

INC 

Rod shaped Ethanol propylene 

glycol,dioxane,methanol 

Dry eye 

syndrome 

Increase ocular 

residence 

5 Bio 

adhesive 

ophthalmic 

eye inserts 

Sigma aldrich 

corporation 

No specific 

shaped 

Hydroxypropyl 

Cellulose, polyacrylic 

acid cellulose alate 

Treatment 

of 

glaucoma 

Reduction of 

systemic side 

effects 

 

CLASSIFICATION OF OCULAR INSERT 

Based on solubility and drug release properties, ocular 

inserts are classified into the three categories shown in 

Fig.8 that are Insoluble ocular inserts, Soluble ocular 

inserts, Bioerodible inserts. 
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Fig.8 Classification of ocular inserts based on soluble, insoluble, bioerodible nature 

 

Insoluble ocular inserts  

Insoluble inserts divided into two groups 26 

A. Reservoir systems  

B. Matrix systems 

 

 A. Reservoir systems  

The reservoir systems have diffusion and osmotic drug 

release mechanisms. It is made up of organic, natural, 

synthetic polymers.27  

They have been divided into two subcategories:  

 

Diffusion inserts  

Osmotic inserts 

1.  Diffusion inserts  

It is a drug delivery device by porous membranes. It is 

made up of a core reservoir carrying the medication that 

is surrounded by a semipermeable or micropores 

membrane that permits the drug to diffuse out at 

controlled rate by permitting lachrymal fluid until 

internal pressure is reached and details shown in Fig.9 

and It is a predictable, time independent drug delivering 

device and increased concentrations of drug in the target 

tissues. Two types of Ocusert are available: pilo 20, pilo 

40.28  

 

 
Fig.9 Ocuserts as diffusion mechanism 

 

Osmotic insert  

Osmotic inserts consist of two compartments 

sandwiched between rate controlling membranes, 

central compartment of drug reservoir and peripheral 

compartments of osmotic agent. Tears penetrate into the 

peripheral compartment, increasing osmotic pressure as 

a result of drugs released by diffusion. It came in two 

varieties29  

Type 1: The peripheral compartment consists of 

insoluble, semi permeable polymer, and the center 

compartment consists of a single reservoir of a drug and 

osmotic solute. The polymer matrix ruptures in the form 

of apertures as a result of osmotic pressure. Drugs are 

released by the device's surface through these pores.29  

.Type 2: Two different sections make up the core 

portion. Drug and the osmotic solutes in central 

compartments, osmotic solute reservoir being encircled 

https://www.tandfonline.com/doi/abs/10.3109/03639049509048094
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by a membrane that is semipermeable. The osmotic 

pressure increased by tear penetrates, its stretches  the 

drug containing compartment to drug release at 

aperture.30 The detail process displayed in Fig.10. 

 

 
Fig.10 Osmotic agents with types 

 

B. Matrix systems  

It is made up of three-dimensional matrix made up of 

covalently bonded hydrophilic or hydrophobic 

polymers. While soaking the hydrophilic part in a drug 

solution which absorbs drugs.31 

 

Contact lenses  

Initially intended to correct vision, contact lenses are 

formed. By soaking them before hand in medication 

solutions, their utility has been expanded as possible 

drug delivery systems. The ability to concurrently 

correct vision and release medication is this system's key 

benefit. Contact lenses are divided into 5 groups, that’s 

are Rigid, Semi rigid, Elastomeric, Soft hydrophilic, Bio 

polymeric.32 Difference between medication release 

time profile of the eye drops and contact lenses 

demonstrated in Fig.11. 

 

 
Fig.11 Difference between medication release time profile of the eye drops and   contact lenses 

 

Soluble ocular inserts  

Soluble inserts have the benefit of being completely 

soluble, no necessary to withdraw from the applied site. 

Inserts are soaked in a drug then dried. By this process 

therapeutic agents are absorbed by inserts before being 

inserted into the eyes. Medication from this system is 

released by diffusion, penetrating tears into the inserts. 

They can be classified into two natural, synthetic or semi 

synthetic polymers.33 
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Natural polymers  

This type of soluble inserts made of natural polymers. 

Collagen is the preferred natural polymer utilized 

soluble inserts. The insert is immersed in a mixture that 

contains the medication, dried before applying it to the 

eye. The quantity of drugs loaded is based on the 

concentration of binding agent, medication 

concentration, length of the soaking. When collagen 

disappears, medication is discharged gradually.34 

 

Synthetic and semi synthetic polymers 

This type of soluble insert is composed of synthetic, 

semi-synthetic polymer. The polyvinyl alcohol, 

cellulose and its derivatives are some of the examples. 

Hydrophobic polymer utilized to lessen the insert's 

distortion and hence avoid vision blur. Bio adhesive 

polymer, to reduce the danger of ejection.35 Various 

synthetic polymers used are follow 

 

Bio-erodible ocular inserts 

These inserts are made of bioerodible polymers, which 

dissolve when chemical bonds are hydrolyzed. The 

ability to control the rate of erosion of these bioerodible 

polymers by altering their structural configuration by 

adding surfactants during the synthesis. It can have 

drastically different rates of erosion depending on 

lacrimation rate and physiological aspects of individual 

patients, degradation byproducts and leftover solvents 

from the polymer synthesis process can result in an 

inflammatory response. The discussion of some 

significant ocular inserts that are commercially available 

SODI, Minidisc, lacrisert .36 

 

Soluble Ophthalmic Drug Inserts (SODI)    

SODI was sterile thin films with oval shape. It is inserted 

into the upper conjunctival sac and adapts to the shape 

of the eye. Within 10 to 15 minutes, the film transforms 

into a viscous polymer that slowly dissolves within an 

hour and delivers the medication for 24hrs.37 

 

The Minidisc ocular therapeutic system  

It looks like a miniature contact lens shown in Fig.12 and 

It was made by silicone based prepolymers of 

hydrophilic and hydrophobic nature. To enhance the 

sustained release of soluble, insoluble drug molecules.38  

 

 
Fig.12 Minidisc ocular inserts 

 

 
Fig.13 Lacriserts 

 

Lacrisert 

It is a rod-shaped and sterilized device demonstrated in 

Fig.13 & It was made up of hydroxypropyl cellulose 

without any preservatives. It is inserted into an inferior 

fornix, from the conjunctiva and cornea it imbibes the 

water and forms the hydrophilic film. This film hydrates 

the cornea. It weighs about 5 mg, diameter 12.7mm, 

length 3.5 mm. It dissolves within 24 hrs. 39 

                                            

FORMULATION METHOD OF OCULAR 

INSERTS  

Solvent casting method 

In this method, polymer was dissolved in a suitable 

solvent and then a plasticizer was added into the above 

mixture after constant stirring, and then precisely 

weighed amounts of the medication are added to create 

https://www.cbspd.co.in/toc/9789354666957.pdf
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a uniform dispersion. Once the proper mixture has been 

created and cast to the petri dish using inverted funnels. 

As a result, the film can evaporate gradually and 

consistently at ambient temperature until it is cured. The 

dry film was cutted with desired size and shape, kept in 

an airtight container.40 The comprehensive procedure 

depicted in Fig.14.  

   

 
Fig.14 Solvent casting method 

 

Glass substrate technique  

In this process soaking the polymer in 1% acetic acid 

solution at one day for producing transparent liquid. The 

remedy has been filtered. To dissolve the complex in the 

polymer solution, the necessary amount of medication is 

added and vortexed for 15 minutes. The solution 

described above receives plasticizer. Once the viscous 

solution is prepared, it is set aside for 30 minutes to 

remove air bubbles. Films that control rate are created.40 

The entire process illustrated in Fig.15.   

 

 
Fig.15 Glass substrate method 

 

Melt extrusion method 

 The drug and polymer was filtered through a sieve with 

a mesh size of 60# then it was mixed. Above the mixture 

plasticizer was added. The mixture is poured into the 

equipment to melt flow rate. Inserts was extrudate and  

sized properly, packed with polyethylene aluminum by 

heat-sealed and gamma-sterilized.41 The complete 

procedure is shown 

in Fig.16. 



A Paradigm Shift In Ocular Drug Delivery System: Review On Ocular Inserts For Treatment Of Glaucoma 

 

5551                                                        Afr. J. Biomed. Res. Vol. 27, No.4s (December) 2024            Dr. S.Umadevi et al 

 
Fig.16 Hot melt extrusion method 

 

Gel foam disc method 

Using a standard hole punch, a gelfoam disc with a 4 mm 

diameter and 0.5 mm thickness was created. Drug and 

polymer dissolved 50% (v/v) ethanol in a volume of 25L 

water. On the gelfoam disk, the solution was applied. 

The matrices were dried in a vacuum. By using this 

technique, placebo devices devoid of medication were 

also created.42 

 

Mold preparation method  

Molds are prepared by various materials and various 

shapes based on type of inserts (silicone inserts are made 

of polymethylsiloxane in the form of rods).  Properly 

weighed ratios of polymer, medicament, and excipients 

were taken and mixed into homogeneously. The mixes 

were poured into the molds, and they were then left to 

cure for 24 hours at 45 °C. The resulting rubbery 

cylinders were correctly sliced to provide a precise 

amount of medication content. Depending on the type of 

insert, the range of 4–12 mm of length 2.7–8.0 mg of 

weight. The mold inserts were dipped into a polymeric 

solution for coating and air dried. Hydration testing is 

performed after coating. 43 The full procedure is shown 

in Fig.17. 

 

 
Fig.17 Molding method 
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EVALUATION PARAMETERS OF OCULAR INSERTS 

  Evaluation parameters are listed in Fig.18. 

 
Fig.18 Evaluation parameters for ocular insert 

 

Drug content Uniformity  

The film was cutted in different places, placed each film 

in a 7.4 phosphate buffer, then drug extracted from 

inserts by shaking. From this extracted solution one 

milliliter was taken and diluted and analyzed by 

spectrophotometer.44 

 

Percentage moisture absorption  

Initially weights Ocular inserts were taken and placed in 

desiccators with saturated aluminum chloride 100ml   to 

calculate the percentage moisture absorption. After three 

days, ocular inserts was again weighed;45  

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛
=  (𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
− 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)/𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
∗ 100 

 

Thickness 

Utilizing a DIAL caliper, film thickness was measured, 

and average of film thickness of all films was 

computed.40  

 

Swelling index  

Film is cut and weighed and it is soaked in tear fluid for 

1 hour. After 1 hour, the film is reweighed.46 

𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑖𝑛𝑑𝑒𝑥 =  𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
− 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡/𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 

 

Uniformity of weight 

Ocular inserts are cutted into three films and weighed by 

weighing balance. From weights Mean value and 

standard deviation was determined.44  

 

Surface pH determination 

  pH meter was used to determine the surface pH. The 

film swells by soaking for 1hr in distilled water. The 

electrode of the pH meter dipped into the beaker 

containing the film until reading obtained.44 

 

Folding endurance  

It was determine by ocular inserts folded repeatedly until 

the damage occurs or until sign of damage, count the 

number of folding before damage occurs was 

determined.47 

 

In vitro diffusion studies  

Franz diffusion cell was used to carry out this study. It 

was used to determine the permeability of the 

medication. It has two compartments in this device. First 

one a donor compartment for dosage formulations like 

ocular inserts, another one is a receptor compartment for 

tear fluid, which stimulates tears. Membrane with semi-

permeable or egg membrane was used to separate two 

sides of the compartment. The machinery was turned on 

and temperature, RPM for study parameters were setted 

and dosage formulation placed first in the donor 

compartment and tear fluid placed in the reservoir 

compartment. After sample was taken and diluted at 

desired solvent and analyzed by spectroscopy.37  

 

In vivo drug release rate study 

Before the in vivo investigation, the inserts are 

disinfected using ultraviolet (UV) radiation. A thin layer 

of 100 mg of the pure medication is put over the inserts 

in a Petri dish. Forceps, plastic bags, and this Petri dish 

are all put inside the UV sterilization chamber for one 

hour. Using a sterilization chamber, the inserts are 

moved into a polyethylene bag after being sterilized. 

After appropriately diluted at 7.4 buffer of phosphate 

and sterilization of pure medications and inserts, the UV 

spectrophotometer is used to determine their potency. 

For the experiment, albino rabbits only male at weight 

of 2.5 to 3.0 kg are needed. Seven albino rabbits are 

used, with one serving as the control and the other 

receiving the inserts simultaneously into one eye. At 2 to 

24 hours evenly, inserts are removed and their 

medication content is examined. The initial drug content 

of insert is decreased by remaining medication. This will 

reveal how much medication was injected into the 

animal eyes. The experiment is done twice as previously 

after a one-week wash interval.48 

 

Stability studies 

It used to determine the loss of medication while storing 

inserts for a long period at normal conditions. This 

https://pubmed.ncbi.nlm.nih.gov/4381728/
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testing triple separate petri dishes were taken and the 

films of the insert was kept inside and then it was kept 

in various temperatures. Time taken to degrade each 

insert film was noted.42 

 

Mechanism of drug release 

Diffusion, Osmosis, Bio-erosion are the mechanism of 

drug release by the ocular inserts 37. The whole 

mechanism shown in Fig.19. 

 

 
Fig.19 Mechanism of drug release 

 

Diffusion 

Diffusion system consists of a middle storage reservoir 

that was enclosed within a microporous membrane. 

Once inserts are placed in eyes its aqueous humor starts 

to seep into the matrix, as a result diffusion mechanism 

occurs by swelling process or polymer chain relaxation. 

In  swelling process, insert matrix dissolves ( how 

quickly it dissolves depends on the polymer's structure) 

and cross-the medication is continuously and at a set rate 

supplied into the tear fluid by the membrane in the 

Diffusion mechanism shown in Fig.20. If the insert is 

composed of a dense, impenetrable substance that has 

pores and contains a drug that has spread.49 The 

medication might be released by diffusion action by 

porous membrane. Sustained release may also govern 

slow breakdown of a medication that has been 

distributed within the matrix which leads to inward 

diffusion of solutions. In the inserts with soluble, 

swelling of polymers is the primary cause of true 

dissolving. The active component of devices that control 

swelling is uniformly distributed in a glassy polymer. 

Drug diffusion cannot occur via a dry matrix because 

glassy polymers are almost drug-impervious. Polymers 

with s-links or crystal structure dissolve more slowly.41 

 



A Paradigm Shift In Ocular Drug Delivery System: Review On Ocular Inserts For Treatment Of Glaucoma 

 

5554                                                        Afr. J. Biomed. Res. Vol. 27, No.4s (December) 2024            Dr. S.Umadevi et al 

 
Fig.20 Diffusion mechanism 

 

Osmosis  

A transverse impenetrable flexible membrane that 

divides the insert's interior into a primary compartment 

and a separate other compartment serves as the insert for 

the Osmosis mechanism displayed in Fig.21 the primary 

compartment was surrounded by an elastic membrane 

and a semi-permeable membrane and the second 

compartment was an impenetrable and elastic 

membrane. Hole is located at the impenetrable wall of 

inserts to discharge the medication. The second portion 

of inserts acts as storage reservoir for the medication, 

Semi-permeable barrier prevents a solute from flowing 

through the primary compartment, as a results flexible 

membrane was stretched and expand the both 

compartment so the drug is release by force.48 

 

Fig.21 Osmosis mechanism 

 

 

 



A Paradigm Shift In Ocular Drug Delivery System: Review On Ocular Inserts For Treatment Of Glaucoma 

 

5555                                                        Afr. J. Biomed. Res. Vol. 27, No.4s (December) 2024            Dr. S.Umadevi et al 

Bioerosion 

Bioerosion mechanism where the medication is 

distributed into biodegradable material of matrix to build 

the insert's body and entire mechanism depicted in 

Fig.22.  In the matrix drug may be uniformly dispersed 

because of hypothesized condition, controlled release 

will occur. Controlled discharge of the medication 

caused by inserts contact with tear fluids results in the 

matrix becoming biodegradable. In an erodible process, 

polymers break down into smaller particles by chemical 

and enzymatic reaction and water-soluble components 

present in the inserts govern the rate of drug release. 

These polymers undergo surface hydrolysis or bulk 

hydrolysis in erodible inserts following the kinetics of 

zero order.50 

                                 

 
Fig.22 Bioerosion mechanism 

 

CONCLUSION  

For an ophthalmic formulation, a longer residence time 

on the ocular surface leads to a higher drug 

bioavailability and a lower administration frequency. 

Eye drops continue to be the most popular formulations 

despite recent advancements in ocular pharmaceutical 

delivery technologies because they are the least 

expensive, the simplest to administer, and do not 

obstruct vision. However, frequent administration is 

necessary. The effective and safe delivery of medicinal 

chemicals to the ocular tissues, particularly the tissues of 

the posterior segment, is a major challenge faced by 

formulation scientists due to a multitude of 

physiological barriers. Several techniques have been 

studied to obtain drug concentrations in the ocular 

tissues that are therapeutically effective. Thanks to 

recent technological developments, the field of ocular 

drug delivery has progressed from conventional drops to 

sustained release and customized ocular delivery 

devices. In the current technological era, combinatorial 

techniques seem to be the main area of research for 

developing safe and efficient ocular medicine delivery 

systems. 
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