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Ocular inserts — Advancement in therapy of eye diseases

Abstract 

The ocular insert represents a significant advancement in the therapy of eye disease. 
Ocular inserts are defined as sterile, thin, multilayered, drug-impregnated, solid or 
semisolid consistency devices placed into the cul-de-sac or conjuctival sac, whose 
size and shape are especially designed for ophthalmic application. They are composed 
of a polymeric support that may or may not contain a drug. The drug can later be 
incorporated as dispersion or a solution in the polymeric support. They offer several 
advantages as increased ocular residence and sustained release of medication into the 
eye. The insert includes a body portion sized to position within a lachrymal canaliculus 
of the eyelid. The inserts are classified according to their solubility as insoluble, soluble, 
or bioerodible inserts. The release of drug from the insert depends upon the diffusion, 
osmosis, and bioerosion of the drug, and this article is an attempt to present a brief 
about this newer drug delivery system.
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INTRODUCTION

Ocular drug delivery is one of the most challenging tasks 
faced by Pharmaceutical researchers. Major barriers in 
ocular medication are the ability to maintain a therapeutic 
level of the drug at the site of action for a prolonged 
duration. The anatomy, physiology, and biochemistry of 
the eye is such that it is impervious to foreign substances, 
therefore, it is a challenge for the formulator to pass 
through the protective barriers of the eye without causing 
any permanent tissue damage. The introduction of new 
sensitive diagnostic techniques and therapeutic agents 
necessitates the development of a successful and advanced 
ocular drug delivery system.[1]

The therapeutic efficacy of an ocular drug can be improved 
by increasing its contact time with the corneal surface. 
For increasing the contact time viscosity-enhancers are 
added in preparations or the drug is formulated in a 
water-insoluble ointment formulation, to sustain the 
duration of drug-eye contact. Unfortunately, these dosage 
forms give only a marginally sustained drug-eye contact 
than eye drop solutions and do not yield constant drug 
bioavailability. Repeated medications are still required 
throughout the therapy.[2] The conventional ocular dosage 
forms for the delivery of drugs are:

• Eye drops (solution, suspension)
• Ophthalmic Ointments

The eye drop dosage form is easy to administer, but has 
inherent drawback that most of the instilled volume 
is eliminated from the pre-corneal area resulting 
in poor bioavailability, ranging from 1 – 10% of the 
total administered dose.[3-5] This occurs mainly due to 
conjunctival absorption, rapid solution drainage by 
gravity, induced lachrymation, blinking reflex, low corneal 
permeability, and normal tear turnover. To overcome this, 
many ocular drugs are used in high concentrations. This 
causes both ocular and systemic side-effects.[6] The frequent 
instillations of eye drops are necessary to maintain a 
continuous sustained therapeutic drug level, which results 
in a massive and unpredictable dose of medication.[7] 
Ocular inserts, biodegradable polymeric systems, and 
collagen shields are being developed in order to attain 
better ocular bioavailability and sustained drug action.[8]

The following trends are in existence nowadays:[9]

• Membrane-bound ocular inserts (biodegradable and 
non-biodegradable), for example, Ocuserts®, Alza Corp.

• Mucoadhesives dosage forms (ocular films or 
sheath, ophthaCoil, polymer rods, HEMA hydrogel, 
Dispersion, polysulfone capillary fiber).

• Collagen shields, cyclodextrine-based system, 
ophthalmic rods (artificial tear inserts, e.g., Lacrisert®).

• Filter paper strips (drug-impregnated filter paper strips 
for staining agent — sodium fluorescent, lissamine 
green, and rose Bengal).
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• Soft contact lenses, implants, flexible coils, and cotton 
pledgets (Drug presoaked hydrogel type, polymeric 
gels). 

Ocular inserts offer an attractive alternative approach to 
the difficult problem of limited pre-corneal drug residence 
time.[10] Disposition and elimination of a therapeutic 
agent depends on the physicochemical properties as well 
as the relevant ocular anatomy and physiology.[11] The 
successful design of a drug delivery system, therefore, 
requires a complete knowledge of the drug moiety and 
the constraints to delivery offered by the ocular route of 
administration. 

Ocular Inserts as an Ocular Sustained Release Drug 
Delivery System 
• The main objective of the ophthalmic inserts is to 

increase the contact time between the preparation 
and the conjunctival tissue, to ensure a sustained 
release suited for topical or systemic treatment.[12,13] 
The advantages of ocular inserts over the traditional 
ophthalmic preparation can be summarized as 
follows:[7,13,14]

• Increased ocular residence, hence, prolonged drug 
activity and higher bioavailability with respect to 
standard vehicles.

• Release of drugs at a slow, constant rate. 
• Accurate dosing (insert contains a precise dose, which 

is fully retained at the administration site).
• Reduction of systemic absorption. 
• Better patient compliance, due to reduced frequency 

of administration and less incidence of visual and 
systemic side-effects.

• Possibility of targeting internal ocular tissues through 
non-corneal (conjunctival scleral) routes.

• Increased shelf life with respect to aqueous solutions.
• Exclusion of preservatives, thus reducing the risk of 

sensitivity reactions.
• Incorporation of various novel chemical / technological 

approaches, such as pro-drugs, mucoadhesives, 
permeation enhancers, micro particulates, salts acting 
as a buffer. 

All of the benefits listed above cannot be present in a single, 
ideal device. Each type of insert is a compromise between 
the desirable properties inherent to solid dosage forms 
and negative constraints possessed by the structure and 
components of the insert, fabrication costs, and physical 
/ physiological constraints of the application site. It also 
bears some disadvantages, which are as follows:[7,13,14]

• A major disadvantage of ocular inserts resides in their 
'solidity', that is, they are felt by the (often oversensitive) 
patients as an extraneous body in the eye. This may 
constitute a difficult physical and psychological barrier 
to patient compliance. 

• Their movement around the eye, in rare instances, the 

simple removal is made more difficult by unwanted 
migration of the insert to the upper fornix. 

• The occasional unintentional loss during sleep or while 
rubbing the eyes.

• Their interference with vision.
• Difficulty in placement of the ocular inserts (and 

removal, for insoluble types).

Classification of Ocular Inserts (Based upon their 
solubility)
The foreign-body sensation leads to discomfort, which 
causes poor-patient compliance, excessive lachrymation 
that accompanies irritation, dilutes the drug, and reduces 
its concentration.[16] A properly designed ocular insert will 
minimize the sensation caused by its insertion and has 
[Figure 1]:[17]

• Ease of handling and insertion.
• Lack of expulsion while wearing it.
• Reproducibility of release kinetics (Zero-order drug 

delivery).
• Applicable to variety of drugs.
• No interference with vision and oxygen permeability.
• Sterility. 

• Stability.
• Ease of manufacturing.

Insoluble Ophthalmic Inserts
Diffusion inserts
The diffusion systems are composed of a drug reservoir 
enclosed in a specially designed semi-permeable or 
microporous membrane, which allows the drug to diffuse 
from the reservoir [Figure 2]. The drug release from such a 
system is controlled by the lachrymal fluid, which permeates 
through the membrane. A sufficient internal pressure is 

Figure 1:	Classification	of	ocular	inserts[15]

Figure 2:	Diffusional	inserts
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achieved to drive the drug out from the reservoir. The drug  
delivery rate is controlled by diffusion through the 
membrane.[18]

Osmotic inserts
The osmotic inserts are generally divided into two types, 
in the first case the central part of the insert is surrounded 
by a peripheral part.[19] The central part can be composed 
of a single reservoir, which is composed of the drug 
with or without an osmotic solute dispersed through 
a polymeric matrix, so that the drug is surrounded by 
the polymer as discrete small deposits.[20] In the second 
case, the drug and the osmotic solutes are placed in two 
separate compartments, the drug reservoir is surrounded 
by an elastic impermeable membrane and the osmotic 
solute reservoir surrounded by a semi-permeable 
membrane. The peripheral part of these osmotic inserts 
are comprised of a film covering made of an insoluble 
semi-permeable polymer.[21] The tear fluid diffuses into the 
peripheral deposits through the semi-permeable polymeric 
membrane, wets them, and induces their dissolution. 
The solubilized deposits create a hydrostatic pressure 
against the polymer matrix, and cause its rupture in the 
form of apertures. Rge drug is then released through 
these apertures from the deposits near the surface of the  
device.[22] The release of drug through the osmotic insert 
follows the zero-order drug release profile. 

Soft contact lenses
These structure are made up of a covalently cross-linked 
hydrophilic or hydrophobic polymer that forms a three-
dimensional matrix capable of retaining water, aqueous 
solution or solid components [6].When a hydrophilic 
contact lens is soaked in a drug solution, it absorbs the 
drug, but does not deliver the drug as precisely as that 
provided by other non-soluble ophthalmic systems. The 
drug release from the system is generally very rapid at 
the beginning and then declines exponentially with time. 
The release rate can be decreased by adding the drug 
homogeneously during the manufacture or by adding 
a hydrophobic component.[23] Contact lenses have good 
prospects as ocular drug delivery systems.[24] 

Soluble Ophthalmic Inserts
Soluble inserts correspond to the oldest class of ocular 
inserts, which offer the advantage of being wholly soluble, 
so they need not be removed from the site of application, 
thus, limiting the interventions to insertion only.[25] They 
are further categorized:
Based on natural polymers, for example, collagen.
Based on synthetic or semi-synthetic polymers.

The therapeutic agent is absorbed by soaking the insert in a 
solution containing the drug, and drying and rehydrating 
it before use in the eye. The amount of drug contained 
will depend upon the capacity of the binding agent, 

concentration of the drug solution into which the insert 
is soaked, and the duration of soaking.[26] The soluble 
ophthalmic inserts are easily processed by conventional 
methods — slow evaporating extrusion, compression or 
injection molding. The release of the drug takes place when 
tears penetrate into the insert. This induces drug release 
by diffusion and forms a layer of gel around the core of 
the insert. This gelification causes further release of the 
drug, but it is still controlled by diffusion. The release rate, 
J, is derived from Fick’s law, which yields the following 
expression.[27]

J = 
AdkCS

        

L

A — do not Surface area of the membrane
k — Diffusion coefficient of the drug
L — Membrane thickness
CS — Drug solubility in water
d — Diffusion coefficient of the Ocuserts membrane
As all the terms on the right hand side of the above 
equation are constant, the release rate of the device is 
also constant.

Bioerodible Ophthalmic Inserts 
The bioerodible inserts are composed of homogeneous 
dispersion of a drug which can be included in or not 
included in the hydrophobic coat made of bioerodible 
polymers, which is impermeable to the drug. Successfully 
used bioerodible materials are the poly (orthoesters) and 
poly (orthocarbonates). Drug release from such a system is 
due to the contact of the device with the tear fluid, inducing 
a superficial bioerosion of the matrix.[28]

Mechanism of Drug Release from Ocular Inserts
Diffusion
In this mechanism, the drug is released continuously at a 
controlled rate through the membrane into the tear fluid. 
If the insert is formed of a solid non-erodible body having 
pores and drug is in a dispersed form, the drug release takes 
place via diffusion through the pores. Controlled release 
of the drug can be maintained by a gradual dissolution 
of the solid dispersed drug in the matrix, as a result of 
the inward diffusion of aqueous solutions. In a soluble 
device, true dissolution occurs mainly through polymer 
swelling. In swelling-controlled devices, the active agent is 
homogeneously dispersed in a glassy polymer. As glassy 
polymers are essentially drug-impermeable, no diffusion 
occurs through the dry matrix. When the insert is placed 
in the eye, water from the tear fluid begins to penetrate 
the matrix, swelling occurs, and consequently polymer 
chain relaxation occurs and drug diffusion takes place. The 
dissolution of the matrix, followed by the swelling process 
depends on the polymer structure. A linear amorphous 
polymer dissolves at a faster rate than a cross-linked or 
partially crystalline polymer.[29,30]
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Osmosis 
In the Osmosis mechanism, the insert is made of a 
transverse impermeable elastic membrane, which divides 
the interior of the insert into two compartments, first 
and second; the first compartment is surrounded by a 
semi-permeable membrane and the impermeable elastic 
membrane, and the second compartment is surrounded by 
an impermeable material and the elastic membrane. There 
is a drug release orifice in the impermeable membrane of 
the insert. The first compartment contains a solute that 
cannot pass through the semi-permeable membrane and 
the second compartment provides a reservoir for the drug, 
which is in liquid or gel form. When the insert is placed in 
the aqueous environment of the eye, water diffuses in the 
first compartment, which stretches the elastic membrane 
to expand the first compartment and contract the second 
compartment so that the drug is forced to come out 
through the drug release orifice.[30]

Bioerosion 
In the bioerosion mechanism, the insert is comprised 
of a matrix of bioerodible material in which the drug is 
dispersed. Contact of the insert with the tear fluid results 
in controlled sustained release of the drug by bioerosion 
of the matrix. The drug is dispersed uniformly throughout 
the matrix, but it is believed that a more controlled release 
is obtained if the drug is superficially concentrated in 
the matrix. In truly erodible or E-type devices, the drug 
release is controlled by a chemical or enzymatic hydrolytic 
reaction that leads to polymer solubilization, or degrades 
to smaller, water-soluble molecules. These polymers may 
undergo bulk or surface hydrolysis, which displays zero-
order release kinetics; provided the devices maintain a 
constant surface geometry and the drug is poorly water-
soluble.[30]

Evaluation of Ocular Polymeric Films
Thickness of film 
Film thickness is measured by using the Dial caliper at 
different points of the formulation and the mean value is 
calculated.[31]

Drug content uniformity 
To check the uniformity of the drug in the film inserts, it 
is cut at different places, and each film is placed in vials 
containing 5 ml phosphate buffer of pH 7.4, and it is shaken 
to extract the drug from the piece of film. One milliliter 
from this solution is taken and diluted. Then this solution 
is analyzed with the help of a spectrophotometer, using 
pH 7.4 phosphate buffer as a blank.[32]

The drug content was calculated using the following 
formula:
Milligrams of drug in a patch = As x Cr  = ……… mg
                                                           Ar

As = Absorbance of sample solution.

Ar =Absorbance of standard solution.
Cr =Concentration of drug in Standard solution.

The same procedure is adopted for all batches of films 
in triplicate and the mean drug content and standard 
deviation of variance are calculated.

Uniformity of weight 
The weight variation test is done by weighing three 
patches cut from different places of the same formulation 
and their individual weights are determined by using the 
digital balance. Next, their mean value is calculated. The 
standard deviation of weight variation is computed from 
the mean value.[33]

Percentage moisture absorption 
The percentage moisture absorption is checked by the 
physical stability or integrity of the ocular inserts. The 
inserts are weighed and then placed in desiccators 
containing 100 ml of saturated solution of aluminum 
chloride and 79.5% humidity is maintained. After three 
days the ocular inserts are taken out and reweighed. The 
percentage moisture absorbed is calculated using the 
formula.[34] 

Percentage moisture absorption  

=
 Final weight – Initial weight   × 100               Initial weight

Percentage moisture loss 
The percentage moisture loss is done to check out the 
integrity of the film in dry conditions. The ocular inserts 
are weighed and kept in desiccators containing anhydrous 
calcium chloride. After three days, the ocular inserts are 
taken out and reweighed; the percentage of moisture loss 
is then calculated by using the formula.[34]

Percentage moisture loss
    Final weight – Initial weight   × 100=               Initial weight

In-vitro drug release 
In-vitro release studies are carried out using a bi-chamber 
donor-receiver compartment model design made by 
using a transparent and regenerated cellulose type of 
semi-permeable membrane. It is tied at one end of an 
open cylinder, which acts as the donor compartment. The 
ocular insert is placed inside the donor compartment. 
The semi permeable membrane is used to create ocular 
in vivo conditions, like a corneal epithelial barrier, which 
simulates the tear volume; 0.7 m1 of distilled water is 
placed in a donar compartment and maintained at the same 
level throughout the study. The surface of the membrane 
is in contact with the reservoir compartment containing 
25 ml of phosphate buffer having a pH of 7.4. It is stirred 
continuously using a magnetic stirrer. Samples of 1 ml are 
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withdrawn from the receptor compartment at periodic 
intervals and replaced with an equal volume of distilled 
water. The withdrawn sample is analyzed at 246 nm 
against the reference standard using a pH 7.4 phosphate 
buffer as a blank on a UV / visible spectrophotometer.[32]

In-vivo drug release rate study 
The inserts are sterilized by using ultraviolet (UV) 
radiation before the in vivo study. Inserts are taken in a 
Petri dish with 100 mg of pure drug, which is spread as a 
thin layer. This Petri dish along with polyethylene bags and 
forceps is placed in a UV sterilization chamber (hood). The 
inserts and other materials are exposed to UV radiation 
for one hour. After sterilization, the inserts are transferred 
into a polyethylene bag with the help of the forceps, inside 
the sterilization chamber itself. The pure drugs, which are 
sterilized along with the inserts are analyzed for potency 
by the UV spectrophotometer, after suitable dilution with 
a pH 7.4 phosphate buffer. Male albino rabbits, weighing 
between 2.5 – 3.0 kg are required for the experiment. The 
animals are kept in individual cages in order to get them 
adapted to the laboratory conditions, for 1 day. The inserts 
are inserted into one of the eyes of seven albino rabbits at 
the same time, and the other eye of the seven rabbits serves 
as the control. The inserts are removed carefully at 2, 4, 6, 
8, 10, 12, and 24 hours and analyzed for drug content . The 
remaining drug is subtracted from the initial drug content 
of the insert. This will give the amount of drug released 
in the rabbits’ eyes. After one week of wash period the 
experiment is repeated twice, as before.[32]

Accelerated stability studies 
The accelerated stability studies are carried out to predict 
the degradation that occurs over prolonged periods of 
storage, at normal conditions. The films of the insert are 
taken in a separate Petri dish and are kept at three different 
temperatures 400˚C, 500˚C, and 600˚C, and the time taken 

for degradation of the ocular inserts is checked.[35,36] 

Test for sterility 

It is done for detecting the presence of viable forms 
of microorganisms in the preparation. The working 
conditions should be monitored regularly by taking the 
samples of air and surface of the working area, and there 
should not be any cross contamination. The test is based on 
the principle that if the nutrient media is provided to the 
microorganisms and they are kept in a favorable condition 
of temperature, the microorganisms will grow and their 
presence is indicated by the turbidity in medium. The batch 
size taken for sterility testing in case of ophthalmic and 
other non-injectable preparations is as follows:[37]

Incubate portions of the (a) Fluid Thioglycollate medium 
/ Alternate Thioglycollate medium at 30˚C to 35˚C and 
(b) Soyabean casein digest medium at 20˚C to 25˚C for 
not less than seven days; no growth of microorganisms 
occurs [Table 1]. 

Growth promotion test 
Test the autoclaved load of each lot of the medium for 
its growth-promoting quality by separately inoculating 
duplicate test containers of each medium with about 100 
viable microorganisms of each of the strains, as mentioned 
a little later in the text. The test media are satisfactory if 
clear evidence of the growth appears in all inoculated 
media containers within seven days, the test is invalid if 
there is inadequate growth response [Table 2].[38]

CONCLUSION

The main efforts in ocular drug delivery during the past 
two decades has been on the design of systems, to prolong 
the residence time of topically applied drugs in the 
conjuctival sac. Various new approaches like ocular inserts, 
collagen shield, in-situ activated gel formation, non-corneal 
route of ocular drug penetration, and nanoparticle-based 
polymeric solutions and gels are being developed by the 
pharmaceutical scientists. The advantages gained by ocular 
inserts are many for the treatment of eye-related problems, 
but only few gain commercial acceptance. This is because 
of the high cost of these inserts and reluctance of the patient 

Table 1: The number of containers required for 
sterility testing
Ophthalmic and other non-injectable preparations
Not more than 200 containers 5% or two containers, 

whichever is greater
More than 200 containers 10 containers

Table 2: The test microorganisms, incubation condition, medium, and temperature required for the 
growth promotion test
Medium Test microorganism Incubation

 Temperature (˚C) Condition
Fluid thioglycollate

Alternative thioglycollate

Soyabean-casein digest

Bacillus subtilis

Candida albicans

Bacteroides vulgates

Bacteroides vulgates

Bacillus subtilis

Candida albicans

30 to 35

30 to 35

30 to 35

30 to 35

20 to 25

20 to 25

Aerobic

Aerobic

Aerobic

Anaerobic

Aerobic

Aerobic
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to use unfamiliar types of ophthalmic medication.
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