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Recent Drug Delivery Systems for Treatment 
of Glaucoma

ABSTRACT
Elevated Intraocular Pressure (IOP) is the most important risk factor for the development of 

glaucoma, its reduction is achieved mostly by topical administration of anti-glaucoma drugs as 
eye drops. A major problem that reduces the clinical efficacy of these drugs is the attainment of an 
optimal drug concentration at the site of action. To achieve effective ocular hypotensive effect, an 
adequate amount of the drug should be delivered to the eye and maintained in the ocular tissues 
for a prolonged period of time. 

Recently, several drug delivery systems were designed to enhance corneal residence time and 
ensure consistent IOP reduction. These delivery systems include; ocular inserts, contact lenses, 
in-situ hydrogels in addition to, colloidal carriers as liposomes, lipid nanoparticles, niosomes and 
polymeric nanoparticles. These delivery systems aim at increasing the ocular bioavailability and 
clinical efficacy of anti-glaucoma drugs and proved to be advantageous compared to eye drops. 
This chapter will focus on the recent emerging drug delivery systems for treatment of glaucoma.
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INTRODUCTION
Conventional first-line therapy for glaucoma involves applying one or more topical eye drops 

designed to lower IOP by at least 25%, accounting for individual patient risk factors and severity 
of the disease [1].  Contact time of the topically applied drugs with the eye surface is limited 
due to continuous secretion of tear fluid; this in turn reduces their ocular bioavailability [2]. 
Therefore, less than 5% of a topically applied drug is absorbed through the cornea into the eye 
[3]. Other disadvantages of topically used eye drops include limited capacity of conjunctival cul-
de-sac, problematic treatment schedules, and difficulty in application of eye drops. In addition, 
drainage into the nasolacrimal duct, binding to melatonin or proteins and metabolism within the 
ocular tissues [4].  Various adverse effects associated with topical medication may have a negative 
effect on patient adherence to medical treatment, doctor-patient relationship and patient quality 
of life [5]. In an effort to improve treatment efficacy and clinical outcomes, recent research has 
concentrated on developing novel systems for achieving sustained drug delivery in glaucoma.

One strategy for achieving sustained delivery of glaucoma drugs; creating novel delivery 
systems to increase the precorneal residence time of the drug. Moreover, creating a more 
permanent reservoir of the drug on or near the cornea aiming to increase its bioavailability and 
minimizing unwanted systemic side effects [1].

Different strategies have been developed to increase the bioavailability of ophthalmic drugs 
by prolonging the contact time between the ophthalmic formulation and the ocular tissues. The 
following strategies have been used to improve the ocular bioavailability: (i) improvement of 
corneal permeability by chemical and pharmaceutical modification (e.g. pro-drugs, penetration 
enhancers, ion pairs, iontophoresis and cyclodextrins); (ii) improvement of retention by 
vehicle (e.g. suspensions and ointments, viscous vehicles, bioadhesive vehicles and In-situ 
gelling systems); (iii) improvement of retention by colloidal dispersion systems (e.g. liposomes, 
emulsions, nanoparticles and nanocapsules); (iv) improvement of retention by solid polymeric 
matrix and devices (e.g. degradable matrices, non- degradable matrices, collagen shields and 
contact lenses, and membrane-controlled devices); and (v) implantable devices [6,7].

OPHTHALMIC INSERTS
Inserts, sheets and films could be interchangeable. They are defined as sterile preparations, 

with a thin, multilayered, drug-impregnated, solid or semisolid devices of appropriate size and 
shape designed to be placed in the conjunctival sac (between the lower eyelid and the eye itself) 
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[8]. These devices are designed to release the drug at a constant rate for a prolonged time while 
minimizing systemic absorption and improving patient compliance due to a reduced frequency of 
administration. Advantages of these solid devices allow accurate dose delivery, avoid the use of 
preservatives, and can notably increase ocular bioavailability. While their drawback is the foreign 
body sensation accompanied with its initial administration as well as the potential for movement 
or expulsion [9].

CONTACT LENSES
Contact Lenses (CLs) consist of curved plastic disks, which cling to the corneal tear film 

due to their surface tension. Contact lenses are attractive for ocular drug delivery systems as 
significantly prolong the residence time of the drug in the eye, high degree of comfort which 
improve patient compliance, higher efficiency and low side effects and, hence increase the 
ocular drug bioavailability. Also CLs reduce the need for the addition of permeation enhancers 
and preservatives commonly used in multi dose eye drops, which may cause ocular irritation 
[10]. Their mechanism of action includes drug diffusion into the post-lens tear film followed 
by dispersion in the tear fluid and subsequent absorption by the cornea. Due to the constant 
absorption of the drug through the cornea, the concentration of the post-lens tear fluid remains 
lower than its concentration in the CLs, creating a constant and prolonged drug flow from the CLs 
to the cornea [11]. This is called the sink effect [12]. This method results in an increased retention 
of the drug on the surface of the cornea (about 30 min) as opposed to around 2 min for eye drops 
[13] and a bioavailability equal to or greater than 50% [14].

Basically two approaches have been used to incorporate drugs into contact lenses; loading 
drugs into preformed lenses, or manufacturing the lens with the drugs entrapped inside. Attempts 
were also made by dissolving drug in the monomer solution and followed polymerization, 
incorporation of drug loaded nano or micro based vesicular systems into the matrix. In addition 
to molecular imprinting, particle-laden soft contact lenses, barrier approach, and complexation 
[15] (Table 1).
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 	  	 Table 1: Recent studies on inserts, sheets, films and contact lenses for 
treatment of glaucoma.

Drug 
delivery 
system

Carrier composition Drug Major Outcomes Ref.

Inserts, sheets and films

Nano-fiber 
patches

Polyvinyl alcohol
Polycaprlactone

Timolol maleate 
Dorzolamide 
hydrochloride

The developed formulation possesses very high mucoadhesive 
strength, thus can be retained for a longer period in the eyes. Moreover, 
the formulation was capable of maintaining the IOP for up to 72 h. 

[16]

Nano sheet Chitosan 
Sodium alginate (SA) Latanoprost

Nanosheet containing latanoprost (2.5mg/cm) was sustained for 7 
days without any evidence of local adverse effects and revealed IOP 
reduction of more than 20% in rats

[17]

Film Chitosan Timolol maleate

Drug was released over 4 weeks, (85% released over the first 2 weeks). 
However, the film's release of drug lowered in-vivo IOP levels over 10 
weeks. No significant difference was observed in IOP reduction in 
rabbits treated with 0.5% commercial ophthalmic solution, compared 
to those receiving the films (P<0.05). No signs of ocular discomfort or 
irritation were identified.

[18]

Inserts

PVP K-90, Hydroxypropyl 
methycellulose (HPMC)

Carbopol
SA

Chitosan

Brimonidine

Ocular inserts composed of 7% PVP, 1.5% SA with or without 
ethylcellulose coat was able to sustain the in-vitro release of brimonidine 
(99% at 6h). Their therapeutic efficacy regarding IOP lowering effect 
when inserted in albino rabbits eyes showed superior sustainment 
effect compared with that of brimonidine solution. The one-side-coated 
ocular insert showed more IOP lowering effect compared with that of its 
non-coated or dual-side-coated counterpart.

[19]

Inserts

HPMC
SA

Sodium carboxymethyl 
cellulose

Brimonidine tartrate

Inserts based on NaCMC were superior over other inserts with respect 
to swelling, bioadhesion and extended release. All inserts showed a 
significant IOP lowering in normotensive rabbits. SA based inserts 
showed a stable IOP lowering effect for 5h.

[20]

Contact lenses 

Contact 
lenses Senofilcon A (ACUVUE®) Dorzolamide   

Timolol maleate 

The lenses loaded with both drugs exhibited superior IOP reduction 
compared to eye drops with about 6-fold lower drug loading. In addition, 
Vitamin E incorporation was highly effective in increasing the release 
durations of both drugs to about 2-days.

[21]

Contact 
lenses Senofilcon A (ACUVUE®)  Latanoprost

The in-vivo animal study showed that contact lenses containing 
polymer-drug (latanoprost) films 40-45mm in thickness provided an 
initial burst of latanoprost in the aqueous humour followed by a steady-
state concentration comparable with the average hourly concentration 
delivered from a drop of commercially available latanoprost.

[22]

Contact 
lenses

Propoxylated glyceryl 
triacylate (PGT) 

nanoparticles in CL
Timolol maleate

 Preliminary animal studies in Beagle dogs conducted with lenses in 
which PGT nanoparticles loaded with timolol and incorporated into 
hydrogel contact lenses show steady drug delivery over a month after 
an initial burst and a reduction in IOP.

[23]

Contact 
lenses

ACUVUE® 
TruEye™ (Narafilcon A)

Timolol maleate

The in-vivo studies showed that IOP reduction from baseline by pure 
contact lens on daily basis was comparable with that by eye drops but 
with only 20% of drug dose, which suggested higher drug bioavailability 
for contact lenses. In addition, by inclusion of vitamin E into the lenses, 
the IOP was reduced significantly during the 4-day treatment with 
continuous wear of lens.

[24]

Contact 
lenses

ACUVUE® TruEye™ 
(Narafilcon A)

Timolol maleate
Lenses with one-third of the drug loading as conventional eye drops 
resulted in similar IOP reduction, suggesting higher bioavailability for 
contact lenses compared to eye drops.  Inclusion of vitamin E into the 
lenses did not improve the IOP reduction.	

[25]

Contact 
lenses

Poly(2-hydroxy-ethyl 
methacrylate)

( pHEMA)

Acetazolamide 
Ethoxzolamide

Biomimetic networks can load more drug and control better drug release 
than conventionally synthesized pHEMA hydrogels. The biomimetic 
hydrogels were highly cytocompatible and possessed adequate oxygen 
permeability to be used as medicated soft contact lenses or inserts

[26]

Contact 
lenses

Poly(2-hydroxy-ethyl 
methacrylate-co-N 

vinylpyrrolidone-co-methyl 
acrylate) (pHEMA-NVP-

MA)

Puerarin

In rabbit eyes, the presoaked contact lenses extended the mean 
resident time of puerarin to 77.45 min from 12.88 min of 1% puerarin 
eye drops. Moreover, contact lens presoaked in puerarin solution at the 
concentration of 0.802 mg/ml showed about the same bioavailability 
(AUC0–t) in tear fluid as that of the puerarin eye drops. This type of 
presoaked contact lens has potential application as vehicle of puerarin 
to alleviate glaucoma.

[27]
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IN-SITU HYDROGELS
In-situ gel-forming ophthalmic drug delivery systems prepared from polymers that exhibit 

reversible phase transitions (sol-gel) and pseudoplastic behavior to minimize interference 
with blinking [28]. In-situ gel forming polymeric formulations offer several advantages, such as 
sustained and prolonging the contact time between the drug, and the corneal and/or conjunctival 
epithelium [29] due to enhanced viscosity and mucoadhesive properties [30]. In addition, from a 
manufacturing point of view, the production of such devices is less complex and, thus, lowers the 
investment and manufacturing costs [30]. The phase transition of the in-situ gelling systems on 
the eye surface can have different causes, including: temperature and pH in the precorneal region 
or the electrolyte composition of the tear film [7,31,32]. Since the resulted swollen hydrogel is 
aqueous based, it is very comfortable in the human eye. In-situ gels are preferred since they are 
conveniently dropped in the eye as a solution, where undergo transition into a gel [33].

Cheng et al [34] concluded that after topical application of latanoprost-loaded chitosan based 
hydrogel, in triamcinolone acetonide-induced elevated IOP in rabbit eyes was significantly 
decreased within 7 days and remained at a normal level for the following 21 days. This newly 
developed chitosan-based hydrogel may provide a non-invasive alternative to traditional anti-
glaucoma eye drops for glaucoma treatment.

Avinash and Ajay [35] concluded that the developed thermo reversible in-situ gel formulation 
containing Clonidine Hydrochloride drug and polymer ratio in 17% Polaxmer 407 with 0.45% 
HPMC exhibited best evaluation parameters regarding viscosity and mucoadhesivness.

Geethalakshmi and co-authors [29] study supports that the Pluronic/HPMC based in-situ gel 
vehicle showed excellent ocular tolerance and exhibited controlled drug release for Betaxolol 
hydrochloride which could exhibits a greater potential for glaucoma therapy.

Gupta and Vyas [36] developed an in-situ gelling system composed of Carbopol W 940 
(0.4%, w/w) and Chitosan (0.5%, w/w) with Timolol maleate.  This formulation underwent 
rapid transition into the viscous gel phase at the pH of the tear fluid (pH 7.4) and prolonged the 
residence time of TM in the cul-de-sac increasing its bioavailability compared with a commercial 
TM solution. Thus the developed system is a viable alternative to conventional eye drops

Gupta et al [37] study showed that the in-vivo studies on dexamethasone-induced glaucomatous 
rabbits indicated that the IOP lowering efficacy for forskolin nanosuspension in polycarbophil 
(1.0%, w/w)/poloxamer 407 (30%, w/w) hydrogel systems was 31% and lasted for 12 h, which 
is significantly better than the effect of traditional eye suspension (18%, 4-6 h).

COLLOIDAL NANOCARRIERS
The use of colloidal nanocarriers provides numerous advantages for ocular drug delivery, 

due to their ability to protect the entrapped drug while facilitating its transport to different eye 
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compartments. Moreover, nanocarriers can provide controlled drug delivery for prolonged time 
periods which is advantageous for the treatment of chronic ocular diseases like glaucoma [38]. 

Colloidal carriers may be applied as liquid dosage similar to eye drop solutions, which by 
interaction with the corneal and conjunctival glycoproteins form pre-corneal depot prolonging 
the drug release [39]. Furthermore, several studies incorporated colloidal carriers in preformed 
hydrogel of in-situ gelling system to enhance ocular residence time [40-42].

During the last decade, several anti-glaucoma drugs have been incorporated into lipid based 
carriers. Both liposomes and lipid nanoparticles, showed promising results and enhanced ocular 
bioavailability.

Liposomes

Liposomes are vesicular carriers composed of one or more concentric phospholipid bilayers 
enclosing aqueous compartments. The location of drug incorporation in liposomes depends on its 
physicochemical properties and the lipid type used in the preparation of liposomes [43]. 

Liposomes offer several advantages as a vehicle for ophthalmic drug delivery [44]. They 
are easily administered in liquid dosage forms, yielding high patient compliance, however can 
localize and maintain drug activity at the site of action. Moreover, liposomes prolong and control 
the drug action at the corneal surface, prevent drug metabolism by the enzymes present at the 
tear/corneal epithelial surface by the barrier effect of the vesicles [44]. Moreover, liposomes were 
reported to improve corneal drug absorption of both hydrophilic and lipophilic drugs [43].

The surface charge, lipid composition and bilayer rigidity of the vesicles can alter the behavior 
of the drug entrapped and its affinity the corneal surface. The surface charge confers high physical 
stability to liposomal by preventing their fusion and imparting them a high zeta potential [43]. 
Positively charged vesicles were reported to prolong precorneal retention, increase ocular 
bioavailability and enhance the pharmacological effect compared to negatively charged and 
neutral liposomes, due to their strong mucoadhesion and binding to the negatively charged mucin 
[45]. However, stearyl amine; commonly used to impart a positive surface charge to liposomes 
was reported to be toxic to cells, and irritant to the eye. On the other hand, neutral liposomes were 
found to be safe for ophthalmic use [45].

Proliposomes are anhydrous form of concentrated liposomes that are used to prepare 
liposomes by simple hydration [46]. They are more stable precursors for liposomes that can be 
reconstituted directly before use [47]. 

Lipid Nanoparticles

Recently, nanoparticulate carriers have been considered for topical ophthalmic drug delivery 
by facilitating its transport to different compartments of the eye [48]. They can prolong corneal 
residence time and improve corneal penetration, due to their lipophilic character, bioadhesive 
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property, small size and particulate nature. Thus, becoming attractive carrier for treatment of 
ocular diseases [48,49].

Solid Lipid Nanoparticles (SLNs) are advantageous, alternative to traditional colloidal systems, 
eg; emulsions, liposomes, polymeric microparticles and nanoparticles [50]. SLNs are composed 
of solid physiological lipids stabilized by non-toxic emulsifiers e.g., poloxamer taurocholates and 
lecithin permitting repeated administration. They are formulated as liquid dosage forms to be 
administered as eye drops; incorporating either lipophilic or hydrophilic drugs [51]. The lipid 
matrix of SLNs is solid both at body and room temperatures and tightly binds the incorporated 
drug, hence reducing its mobility and allowing controlled drug release, protecting sensitive drugs 
from degradation compared to conventional colloidal systems [52].

However, after preparation lipids partially crystallize in high energy modifications with 
many imperfections in the crystal lattice. These modifications can transform into low energy 
modifications during storage, reducing the imperfections in the crystal lattice and leading to drug 
expulsion [53].

To overcome this limitation, Nanostructured Lipid Carriers (NLCs) were produced, exhibiting 
excellent features for use as a drug carrier, with improved physical and chemical stability [50]. 
NLCs are prepared by controlled mixing of solid lipids with spatially incompatible liquid lipids 
allowing a less crystallized matrix, thus, improves the drug loading and reduces drug expulsion 
during storage [53]. NLCs remain in the solid state at the body temperature, controlling the drug 
release [54] (Table 2).

Table 2: Recent studies on lipid based delivery systems for treatment of glaucoma.

Drug delivery 
system Carrier composition Drug Major outcomes Ref.

Liposomes

Unilamellar esicles
Soya phosphatidylcholine

Cholesterol DiltiazemHCl

Vesicles, rigidified using cholesterol in 1:1 
molar ratio were the most stable. Cholesterol 

incorporation increased the % entrapment 
efficiency and decreased the drug release rate. 
An enhanced IOP lowering activity in rabbits' 

eyes, was obtained compared to solution.

[43]

Small unilamellar 
vesicles

Cholesterol
DPPC (1, 2 – Dipalmitoyl-sn-
glycero-3-phosphocholine) Brimonidine tartrate

Liposomes were 210 nm size and drug loading 
~ 30 - 40%, with slow and prolonged release 

of drug, following zero order kinetics. The IOP 
lowering activity in normotensive rabbits was 
sustained for longer period of time than drug 

solution.

[55]

Large unilamellar 
vesicles Egg-phosphatidylcholine Latanoprost

A sustained in-vitro release (60%) was achieved 
for 14 days.

Sub conjunctival injection of liposomes 
maintained a sustained IOP lowering effect 

in rabbit eyes (4.8 ± 1.5 mmHg) compared to 
topical daily latanoprostadministration(2.5 ± 

0.9 mmHg) for 90 days without signs of ocular 
inflammation.

[56]
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Liposomal gels 

Phospholipon® 90G
Cholesterol

Pluronic® F127 (gelling agent)

Latanoprost

Latanoprost interacted with excipients in 
liposomes, resulting in enhanced drug 

encapsulation, the optimum liposomes were 
composed of 7:3 lipid:cholesterol ratio and 1:1 
drug:lipid ratio and showed ~98% entrapment 

efficiency.
Vesicles incorporation into Pluronic® F127 gel 
sustained drug release (~45% released in 2 

days). 
Liposomal gels were non-irritant to rabbits’ eyes 

and sustained the IOP reduction for 3 days, 
compared to Xalatan® eye drops.

[57]

Liposomes 
SoyabeanPhosphatidylcholine 

(S100)
Cholesterol 

Brinzolamide

Optimal liposomes contained lipid/cholesterol 
ratio (7:4) and lipid/drug ratio (10:1), showed 

EE of 98.32 ± 1.61% and a diameter of 84.33 ± 
2.02 nm.

Liposomes (1mg/ml) showed 6.2 folds increase 
in the corneal permeability coefficient and a 
more sustained and effective IOP reduction 
in rabbit’s eyes (5-10 mmHg) compared to 

commercial suspension (10mg/ml).

[58]

Nanoliposomes Phospholipon85G®

Cholesterol DorzolamideHCl

Optimum liposomes were composed of 
phosphatidylcholine: cholesterol in 7:4 

ratio, below 100 nm and showed enhanced 
transcorneal permeation compared to 

dorzolamide solution and greater IOP lowering 
activity and a more prolonged effect compared 

to Biosopt® eye drops. 

[59]

Liposome in ion 
sensitive in-situ gel

Soybean
Phosphatidylcholine

Cholesterol 

Deacetylatedgellan gum 
(gelling agent)

Timolol maleate

Optimal liposomes were 136 nm with 
47% entrapment efficiency and 1.93 folds 

enhancement of corneal penetration.
Liposomes in in-situ gel revealed a corneal 
retention time superior to commercial eye 

drops and to liposomes and was non-irritant to 
ocular tissues and showed fast IOP reduction 

compared to eye drops. 

[60]

Lipid nanoparticles

SLNs 
NLCs

Glycerylmonostearate (solid 
lipid)

Castor oil (liquid lipid) Brimonidine 

Both SLNs and NLCs were physically stable 
following autoclaving at 121°C for 15 min, 

yielding particles below 500 nm, non-irritant to 
ocular mucosa, with increased ZP and amount 

of brimonidine entrapped compared to non-
autoclaved ones. 

[52]

Cationic SLNs

Softisan® 100 (solid lipid)
Stearic acid (lipid modifier) Melatonin

Didecyldimethylammonium bromide was used 
as positive charge imparter to produce cationic 

SLNs, which showed good mucoadhesion, 
enhanced ocular retention time, good tolerability 
and was very effective in IOP reduction for 24 h 

(maximum IOP reduction -7mmHg). 

[61]

Surface modified 
SLNs by chitosan

Glyceryl
Monostearate (solid lipid)

Lecithin Methazolamide

Chitosan modified SLNs were superior to non-
modified, they exhibited more stable particles 

(4 months at 4°C), smaller size (199.4 ± 2.8nm) 
with a prolonged in-vitro release and better 

corneal permeation. 
The peak decrease in IOP (42.78 ± 7.71%) was 
superior to both un-modified SLNs and AZOPT® 
eye drops, without any signs of ocular irritancy. 

[62]

SLNs

Glycerylmonostearate (solid 
lipid)

Phospholipid S100 Methazolamide

SLNs were optimized using Box-Behnken 
design and exhibited 197.8 ± 4.9 nm size, 

68.39% drug entrapped, a sustained release 
following Peppas model and a significant 

prolonged IOP reduction compared to AZOPT® 
without any signs of ocular irritation. 

[63]
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Cationic 
nanostructured
lipid matrix 

Compritol® 888 ATO 
Cetostearyl alcohol 

Stearylamine (positive charge 
imparter) 

Methazolamide

The optimized formulation composed of a 
mixture of heterolipids (cetosteryl alcohol and 
compritol) in 2:1 ratio, showed 207.1 nm size 
25.62% entrapment efficiency and  lowered 
the IOP by 8.3 mm Hg within 3 h and was 

maintained for 12 h.

[64]

Niosomes

Niosomes are nonionic surfactant-based bilayer vesicles, formed by the self-assembly of 
nonionic amphiphiles in aqueous medium [65], entrapping either hydrophilic or lipophilic drugs 
in the aqueous layer or the vesicular membrane [66]. Niosomes offer several advantages over 
other vesicles as a topical ocular delivery system. They are non-immunogenic, biodegradable, 
lower in cost, chemically stable and of low toxicity due to their nonionic nature. Moreover, they 
can improve the drug performance by enhancing its bioavailability and controlling its delivery at 
a specific site [45,67].

Niosomes of polyoxyethylene alkyl ethers [68], series of Spans and Tweens [69], and ester 
linked surfactants, Brij [70], were developed to improve ocular drug delivery and were tested 
in several animal models. Also positively charged niosomes were prepared and showed better 
precorneal binding and higher bioavailability [71,72]. However, due to problems of physical 
instability of niosomes during storage, including; vesicles aggregation or fusion and leaking or 
hydrolysis of encapsulated drugs, niosomes can be entrapped in in-situ hydrogel system. This 
system can increase the precorneal residence time, enhance ocular bioavailability, and reduce the 
frequency of administration [67]. 

In a study, the effect of Span type and cholesterol level in timolol maleate-loaded niosomes, 
were investigated and showed that niosomes based on Span 40 using Span:cholesterol ratio (7:3) 
revealed an enhanced IOP reduction compared to Span 20 and Span 60 [73]. In another study, 
small unilamellar niosomes, loaded with dorzolamide hydrochloride were prepared using Span 
40:Tween 80 or 40:cholesterol:dicetylphosphatein 75:75:40:10 ratio. Niosomes were nanometric, 
physically stable and exhibited a prolonged release rate compared to solution, thus was reported 
as a promising carrier for prolonged IOP reduction [74].

Abu Hashim et al, optimized atenolol niosomal hydrogel formulation using Span 60:cholesterol 
in (2:1) ratio in carbopol 934P. Niosomes exhibited a sustained release and a more pronounced 
IOP reduction compared to atenolol solution and other polymeric hydrogels [42].

Polymeric Nanoparticles

They are polymeric colloidal particles from 10-1000 nm, in which the drug is dissolved, 
encapsulated, entrapped or adsorbed to the surface, thus, enhancing drug stabilization [75]. 
Nanoparticles formed of synthetic polymers e.g. polyamidoamine (PAMAM) dendrimers, 
polyguanidilyateddendrimers, and polybutylcyanoacrylate improved the efficiency of ocular 
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drug delivery [41]. However, natural bioadhesive polymers e.g. chitosan, SA are superior to 
synthetic polymers for ophthalmic formulations, due to their nontoxicity, biodegradability and 
biocompatibility [40] (Table 3). 

Table 3: Recent studies on nanoparticles for treatment of glaucoma.

Drug delivery 
system

Carrier 
composition Drug Major outcomes Ref.

Polymeric 
nanoparticles in 
preformed gel 

Chitosan 
Methyl cellulose 
(gelling agent) Brimonidine

Optimized chitosan nanoparticles, incorporated in preformed 
gel showed sustained release superior to SA nanoparticles 
due to adhesion to negatively charged cornea and conjunctiva. 
Cytotoxicity studies revealed non-toxic formulations with 
sustained IOP reduction (>25h) compared to eye drops.

[40]

In-situ gelling 
polymeric 

nanoparticles 

Chitosan
SA (gelling agent)

Dorzolamide 
hydrochloride

Optimized nanoparticles (164 nm, 98.1% entrapment 
efficiency), showed sustainedin-vitro release and slower 
corneal permeation (35.5%) compared to commercial eye drops 
(86.34%). Nanoparticles were mucoadhesive, non-irritant and 
revealed a long retention in rabbit's eyes.

[41]

Polymeric 
nanoparticles

Poly (lactide-co-
glycolide)

Dorzolamide 
hydrochloride

Nanoparticles revealed 1.8-2.5 fold enhancement in 
corneal permeation compared to Trusopt® and higher drug 
concentration in aqueous humour (1.5-2.3 fold).Vitamin E TPGS 
as an emulsifier proved to be safer and effective compared 
to PVA. It acts as a P-glycoprotein inhibitor (prominent efflux 
transporters on ocular tissues) and caused a significant increase 
in entrapment efficiency, corneal permeation and sustained IOP 
reduction. 

[76]

Polymeric 
nanoparticles

6-O-Carboxymethyl 
chitosan

Dorzolamide 
hydrochloride

Water soluble 6-O-carboxymethyl chitosan derivative yielded 
small nanoparticles superior to chitosan in mucoadhesion and 
by 14% in entrapment efficiency and sustained drug release. 
In-vivo studies revealed non-irritant particles with prolonged 
anti-glaucoma effect.

[39]

Polymeric 
nanoparticle Chitosan Betaxolol 

hydrochloride

Optimized nanoparticles composed of (1:2) polymer:drug ratio, 
exhibited biphasic release pattern with an initial burst followed 
by sustained release up to 12h. Nanoparticles showed good 
ocular tolerance and significant IOP reduction reaching peak of 
9.9±0.5 mmHg, compared to control after5h. 

[77]

CONCLUSION
Topical medications play an important primary and adjunctive role in the treatment of 

glaucoma. Novel delivery systems could achieve an efficient and targeted anti-glucomatic 
approach by improving the pre corneal residence time and corneal permeation of the drug. In 
addition, they have the potential to improve patient adherence, reduce side effects, increase 
efficacy, and patient quality of life. 

References
1.	 Knight OJ, Lawrence SD. Sustained drug delivery in glaucoma. Curr Opin Ophthalmol. 2014; 25: 112-117.

2.	 Chrai SS, Patton TF, Mehta A, Robinson JR. Lacrimal and instilled fluid dynamics in rabbit eyes. J Pharm Sci. 1973; 62: 1112-1121.

3.	 Washington N, Washington C, Wilson CG. Physiological pharmaceutics-barriers to drug absorption. 2000: CRC Press.

4.	 Januleviciene I, Siaudvytyte L, Barsauskaite R. Ophthalmic drug delivery in glaucoma-a review. Pharmaceutics. 2012; 4: 243-251.

5.	 Goldberg I, Clement CI, Chiang TH, Walt JG, Lee LJ, Graham S, et al. Assessing quality of life in patients with glaucoma using the 
Glaucoma Quality of Life-15 (GQL-15) questionnaire. J Glaucoma. 2009; 18: 6-12.

http://www.ncbi.nlm.nih.gov/pubmed/24463419
http://www.ncbi.nlm.nih.gov/pubmed/4576801
https://www.crcpress.com/Physiological-Pharmaceutics-Barriers-to-Drug-Absorption/Washington-Washington-Wilson/9780748405626
http://www.ncbi.nlm.nih.gov/pubmed/24300191
http://www.ncbi.nlm.nih.gov/pubmed/19142128
http://www.ncbi.nlm.nih.gov/pubmed/19142128


11Glaucoma | www.smgebooks.com
Copyright  El-Salamouni NS.This book chapter is open access distributed under the Creative Commons Attribu-
tion 4.0 International License, which allows users to download, copy and build upon published articles even for 
commercial purposes, as long as the author and publisher are properly credited. 

6.	 Sasaki H, Yamamura K, Nishida K, Ichikawa M. Delivery of drugs to the eye by topical application. Retin Eye Res. 1996; 15: 583-
620.

7.	 Almeida H, Amaral MH, Lobão P, Lobo JM. In situ gelling systems: a strategy to improve the bioavailability of ophthalmic 
pharmaceutical formulations. Drug Discov Today. 2014; 19: 400-412.

8.	 Felt O, Einmahl S, Gurny R. Polymeric systems for ophthalmic drug delivery. Polymeric biomaterials, ed. Dumitriu S. New York: 
Marcel Dekker Inc. 2002; 15: 377-406.

9.	 Sintzel MB, Bernatchez SF, Tabatabay C, Gurny R. Biomaterials in ophthalmic drug delivery. Eur J Pharm Biopharm. 1996; 42: 
358-374.

10.	Berdy GJ, Abelson MB, Smith LM, George MA. Preservative-free artificial tear preparations. Assessment of corneal epithelial toxic 
effects. Arch Ophthalmol. 1992; 110: 528-532.

11.	Bengani LC, Hsu KH, Gause S, Chauhan A. Contact lenses as a platform for ocular drug delivery. Expert Opin Drug Deliv. 2013; 
10: 1483-1496.

12.	Forrester JV. The Eye: Basic Sciences in Practice (WB Saunders). 2002, London. p. 223.

13.	Creech JL, Chauhan A, Radke CJ. Dispersive mixing in the posterior tear film under a soft contact lens. Ind Eng Chem Res. 2001; 
40: 3015-3026.

14.	Li CC, Chauhan A. Modeling ophthalmic drug delivery by soaked contact lenses. Ind Eng Chem Res. 2006; 45: 3718-3734.

15.	Singh K, Nair AB, Kumar A, Kumria R. Novel Approaches in Formulation and Drug Delivery using Contact Lenses. J Basic Clin 
Pharm. 2011; 2: 87-101.

16.	Gagandeep, Garg T, Malik B, Rath G, Goyal AK. Development and characterization of nano-fiber patch for the treatment of 
glaucoma. Eur J Pharm Sci. 2014; 53: 10-16.

17.	Kashiwagi K, Ito K, Haniuda H, Ohtsubo S, Takeoka S. Development of latanoprost-loaded biodegradable nanosheet as a new 
drug delivery system for glaucoma. Invest Ophthalmol Vis Sci. 2013; 54: 5629-5637.

18.	Fulgêncio Gde O, Viana FA, Ribeiro RR, Yoshida MI, Faraco AG, Cunha-Júnior Ada S. New mucoadhesive chitosan film for 
ophthalmic drug delivery of timolol maleate: in vivo evaluation. J Ocul Pharmacol Ther. 2012; 28: 350-358.

19.	Aburahma MH, Mahmoud AA. Biodegradable ocular inserts for sustained delivery of brimonidine tartarate: preparation and in vitro/
in vivo evaluation. AAPS PharmSciTech. 2011; 12: 1335-1347.

20.	Labib GS, El-Salamouni NS, El-Gamal SS. Bioadhesive Ophthalmic Inserts for Treatment of Glaucoma: InVitro-In Vivo Evaluation. 
Lat Am J Pharm. 2013; 32: 1457-1466.

21.	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: 312-321.

22.	Ciolino JB, Stefanescu CF, Ross AE, Salvador-Culla B, Cortez P, Ford EM, et al. In vivo performance of a drug-eluting contact lens 
to treat glaucoma for a month. Biomaterials. 2014; 35: 432-439.

23.	Jung HJ, Abou-Jaoude M, Carbia BE, Plummer C, Chauhan A. Glaucoma therapy by extended release of timolol from nanoparticle 
loaded silicone-hydrogel contact lenses. J Control Release. 2013; 165: 82-89.

24.	Peng CC, Burke MT, Carbia BE, Plummer C, Chauhan A. Extended drug delivery by contact lenses for glaucoma therapy. J Control 
Release. 2012; 162: 152-158.

25.	Peng CC, Ben-Shlomo A, Mackay EO, Plummer CE, Chauhan A. Drug delivery by contact lens in spontaneously glaucomatous 
dogs. Curr Eye Res. 2012; 37: 204-211.

26.	Ribeiro A, Veiga F, Santos D, Torres-Labandeira JJ, Concheiro A, Alvarez-Lorenzo C. Bioinspired imprinted PHEMA-hydrogels for 
ocular delivery of carbonic anhydrase inhibitor drugs. Biomacromolecules. 2011; 12: 701-709.

27.	Xu J, Li X, Sun F. Preparation and evaluation of a contact lens vehicle for puerarin delivery. J Biomater Sci Polym Ed. 2010; 21: 
271-288.

28.	El-Kamel AH. In vitro and in vivo evaluation of Pluronic F127-based ocular delivery system for timolol maleate. Int J Pharm. 2002; 
241: 47-55.

29.	Geethalakshmi A, Karki R, Sagib P, Jhac SK, Venkatesh DP. Temperature triggered in situ gelling system for betaxolol in glaucoma. 
Journal of Applied Pharmaceutical Science. 2013; 3: 153-159.

30.	Nirmal HB, Bakliwal S, Pawar SP. In-situ gel: new trends in controlled and sustained drug delivery system. Int J Pharm Tech Res. 
2010; 2: 1398-1408.

https://www.researchgate.net/publication/245944805_Delivery_of_drugs_to_the_eye_by_topical_application_Prog_Retin_Eye_Res
https://www.researchgate.net/publication/245944805_Delivery_of_drugs_to_the_eye_by_topical_application_Prog_Retin_Eye_Res
http://www.ncbi.nlm.nih.gov/pubmed/24120893
http://www.ncbi.nlm.nih.gov/pubmed/24120893
https://books.google.co.in/books?id=iCm1SJBDZwkC&pg=PA377&lpg=PA377&dq=Polymeric+systems+for+ophthalmic+drug+delivery,+polymeric+biomaterials&source=bl&ots=0_pU8JCpAx&sig=nl-JS9ylZgnafZoMoVZv91ny1js&hl=en&sa=X&ved=0ahUKEwiQscnziZ3MAhVH3KYKHXZ9ALUQ6AEIIDAA
https://books.google.co.in/books?id=iCm1SJBDZwkC&pg=PA377&lpg=PA377&dq=Polymeric+systems+for+ophthalmic+drug+delivery,+polymeric+biomaterials&source=bl&ots=0_pU8JCpAx&sig=nl-JS9ylZgnafZoMoVZv91ny1js&hl=en&sa=X&ved=0ahUKEwiQscnziZ3MAhVH3KYKHXZ9ALUQ6AEIIDAA
http://cat.inist.fr/?aModele=afficheN&cpsidt=2563464
http://cat.inist.fr/?aModele=afficheN&cpsidt=2563464
http://www.ncbi.nlm.nih.gov/pubmed/1562263
http://www.ncbi.nlm.nih.gov/pubmed/1562263
http://www.ncbi.nlm.nih.gov/pubmed/23875917
http://www.ncbi.nlm.nih.gov/pubmed/23875917
https://books.google.co.in/books?id=8T4aIZnWBkAC&redir_esc=y
http://pubs.acs.org/doi/abs/10.1021/ie000596z
http://pubs.acs.org/doi/abs/10.1021/ie000596z
http://pubs.acs.org/doi/abs/10.1021/ie0507934
http://www.ncbi.nlm.nih.gov/pubmed/24826007
http://www.ncbi.nlm.nih.gov/pubmed/24826007
http://www.ncbi.nlm.nih.gov/pubmed/24333373
http://www.ncbi.nlm.nih.gov/pubmed/24333373
https://waseda.pure.elsevier.com/en/publications/development-of-latanoprost-loaded-biodegradable-nanosheet-as-a-ne
https://waseda.pure.elsevier.com/en/publications/development-of-latanoprost-loaded-biodegradable-nanosheet-as-a-ne
http://www.ncbi.nlm.nih.gov/pubmed/22320419
http://www.ncbi.nlm.nih.gov/pubmed/22320419
http://www.ncbi.nlm.nih.gov/pubmed/21979886
http://www.ncbi.nlm.nih.gov/pubmed/21979886
https://www.researchgate.net/publication/273125075_Bioadhesive_Ophthalmic_Inserts_for_Treatment_of_Glaucoma_InVitro-In_Vivo_Evaluation
https://www.researchgate.net/publication/273125075_Bioadhesive_Ophthalmic_Inserts_for_Treatment_of_Glaucoma_InVitro-In_Vivo_Evaluation
http://www.ncbi.nlm.nih.gov/pubmed/26071799
http://www.ncbi.nlm.nih.gov/pubmed/26071799
http://www.ncbi.nlm.nih.gov/pubmed/24094935
http://www.ncbi.nlm.nih.gov/pubmed/24094935
http://www.ncbi.nlm.nih.gov/pubmed/23123188
http://www.ncbi.nlm.nih.gov/pubmed/23123188
http://www.ncbi.nlm.nih.gov/pubmed/22721817
http://www.ncbi.nlm.nih.gov/pubmed/22721817
http://www.ncbi.nlm.nih.gov/pubmed/22335807
http://www.ncbi.nlm.nih.gov/pubmed/22335807
http://www.ncbi.nlm.nih.gov/pubmed/21314109
http://www.ncbi.nlm.nih.gov/pubmed/21314109
http://www.ncbi.nlm.nih.gov/pubmed/20178685
http://www.ncbi.nlm.nih.gov/pubmed/20178685
http://www.ncbi.nlm.nih.gov/pubmed/12086720
http://www.ncbi.nlm.nih.gov/pubmed/12086720
http://www.japsonline.com/admin/php/uploads/804_pdf.pdf
http://www.japsonline.com/admin/php/uploads/804_pdf.pdf
http://sphinxsai.com/s_v2_n2/PT_V.2No.2/phamtech_vol2no.2_pdf/PT=67 (1398-1408).pdf
http://sphinxsai.com/s_v2_n2/PT_V.2No.2/phamtech_vol2no.2_pdf/PT=67 (1398-1408).pdf


12Glaucoma | www.smgebooks.com
Copyright  El-Salamouni NS.This book chapter is open access distributed under the Creative Commons Attribu-
tion 4.0 International License, which allows users to download, copy and build upon published articles even for 
commercial purposes, as long as the author and publisher are properly credited. 

31.	Rupenthal ID, Green CR, Alany RG. Comparison of ion-activated in situ gelling systems for ocular drug delivery. Part 1: 
physicochemical characterisation and in vitro release. Int J Pharm. 2011; 411: 69-77.

32.	Bawa P, Pillay V, Choonara YE, du Toit LC. Stimuli-responsive polymers and their applications in drug delivery. Biomed Mater. 
2009; 4: 022001.

33.	Rajoria G, Gupta A. In-Situ Gelling System: A novel approach for ocular drug delivery. Am J Pharm Tech Res. 2012; 2: 24-53.

34.	Cheng YH, Tsai TH, Jhan YY, Chiu AW, Tsai KL, Chien CS, et al. Thermosensitive chitosan-based hydrogel as a topical ocular 
drug delivery system of latanoprost for glaucoma treatment. Carbohydr Polym. 2016; 144: 390-399.

35.	Avinash KT. Ajay S. Formulation and evaluation of thermoreversible in situ ocular gel of clonidine hydrochloride for glaucoma. 
Pharmacophore. 2015; 6: 220-232.

36.	Gupta S, Vyas SP. Carbopol/chitosan based pH triggered in situ gelling system for ocular delivery of timolol maleate. Sci Pharm. 
2010; 78: 959-976.

37.	Gupta S, Samanta MK, Raichur AM. Dual-drug delivery system based on in situ gel-forming nanosuspension of forskolin to 
enhance antiglaucoma efficacy. AAPS PharmSciTech. 2010; 11: 322-335.

38.	Hamidi M, Azadi A, Rafiei P. Hydrogel nanoparticles in drug delivery. Adv Drug Deliv Rev. 2008; 60: 1638-1649.

39.	Shinde U, Ahmed MH, Singh K. Development of dorzolamide loaded 6-o-carboxymethyl chitosan nanoparticles for open angle 
glaucoma. J Drug Deliv. 2013; 2013: 562727.

40.	Ibrahim MM, Abd-Elgawad AH, Soliman OA, Jablonski MM. Natural Bioadhesive Biodegradable Nanoparticle-Based Topical 
Ophthalmic Formulations for Management of Glaucoma. Transl Vis Sci Technol. 2015; 4: 12.

41.	Katiyar S, Pandit J, Mondal RS, Mishra AK, Chuttani K, Aqil M, et al. In situ gelling dorzolamide loaded chitosan nanoparticles for 
the treatment of glaucoma. Carbohydr Polym. 2014; 102: 117-124.

42.	Abu Hashim II, El-Dahan MS, Yusif RM, Abd-Elgawad AE, Arima H. Potential use of niosomal hydrogel as an ocular delivery 
system for atenolol. Biol Pharm Bull. 2014; 37: 541-551.

43.	Mokhtar Ibrahim M, Tawfique SA, Mahdy MM. Liposomal diltiazem HCl as ocular drug delivery system for glaucoma. Drug Dev Ind 
Pharm. 2014; 40: 765-773.

44.	Achouri D, Alhanout K, Piccerelle P, Andrieu V. Recent advances in ocular drug delivery. Drug Dev Ind Pharm. 2013; 39: 1599-
1617.

45.	Kaur IP, Kakkar S. Newer therapeutic vistas for antiglaucoma medicines. Crit Rev Ther Drug Carrier Syst. 2011; 28: 165-202.

46.	Payne NI, Browning I, Hynes CA. Characterization of proliposomes. J Pharm Sci. 1986; 75: 330-333.

47.	Wang S, Ye T, Yang B, Yi X, Yao H. 7-Ethyl-10-hydroxycamptothecin proliposomes with a novel preparation method: optimized 
formulation, characterization and in-vivo evaluation. Drug Dev Ind Pharm. 2013; 39: 393-401.

48.	Badawi AA, El-Laithy HM, El Qidra RK, El Mofty H, El dally M. Chitosan based nanocarriers for indomethacin ocular delivery. Arch 
Pharm Res. 2008; 31: 1040-1049.

49.	Attama AA, Reichl S, Müller-Goymann CC. Diclofenac sodium delivery to the eye: in vitro evaluation of novel solid lipid nanoparticle 
formulation using human cornea construct. Int J Pharm. 2008; 355: 307-313.

50.	Mehnert W, Mäder K. Solid lipid nanoparticles: production, characterization and applications. Adv Drug Deliv Rev. 2001; 47: 165-
196.

51.	Attama AA, Schicke BC, Paepenmüller T, Müller-Goymann CC. Solid lipid nanodispersions containing mixed lipid core and a polar 
heterolipid: characterization. Eur J Pharm Biopharm. 2007; 67: 48-57.

52.	El-Salamouni NS, Farid RM, El-Kamel AH, El-Gamal SS. Effect of sterilization on the physical stability of brimonidine-loaded solid 
lipid nanoparticles and nanostructured lipid carriers. Int J Pharm. 2015; 496: 976-983.

53.	Gonzalez-Mira E, Egea MA, Souto EB, Calpena AC, García ML. Optimizing flurbiprofen-loaded NLC by central composite factorial 
design for ocular delivery. Nanotechnology. 2011; 22: 045101.

54.	Hu FQ, Jiang SP, Du YZ, Yuan H, Ye YQ, Zeng S. Preparation and characterization of stearic acid nanostructured lipid carriers by 
solvent diffusion method in an aqueous system. Colloids Surf B Biointerfaces. 2005; 45: 167-173.

55.	Prabhu P, Nitish KR, Koland M, Harish NM, Dhondge G, et al. Preparation and evaluation of liposomes of brimonidine tartrate as 
an ocular drug delivery system. Int J Res Pharm Sci. 2010; 1: 502-508.

56.	Natarajan JV, Ang M, Darwitan A, Chattopadhyay S, Wong TT, Venkatraman SS. Nanomedicine for glaucoma: liposomes provide 
sustained release of latanoprost in the eye. Int J Nanomedicine. 2012; 7: 123-131.

http://www.ncbi.nlm.nih.gov/pubmed/21453762
http://www.ncbi.nlm.nih.gov/pubmed/21453762
http://www.ncbi.nlm.nih.gov/pubmed/19261988
http://www.ncbi.nlm.nih.gov/pubmed/19261988
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.302.234&rep=rep1&type=pdf
http://www.ncbi.nlm.nih.gov/pubmed/27083831
http://www.ncbi.nlm.nih.gov/pubmed/27083831
http://www.pharmacophorejournal.com/issue/Pharmacophore_September-October_2015_article3.htm
http://www.pharmacophorejournal.com/issue/Pharmacophore_September-October_2015_article3.htm
http://www.ncbi.nlm.nih.gov/pubmed/21179328
http://www.ncbi.nlm.nih.gov/pubmed/21179328
http://www.ncbi.nlm.nih.gov/pubmed/20182824
http://www.ncbi.nlm.nih.gov/pubmed/20182824
http://www.ncbi.nlm.nih.gov/pubmed/18840488
http://www.ncbi.nlm.nih.gov/pubmed/24222858
http://www.ncbi.nlm.nih.gov/pubmed/24222858
http://www.ncbi.nlm.nih.gov/pubmed/26175958
http://www.ncbi.nlm.nih.gov/pubmed/26175958
http://www.ncbi.nlm.nih.gov/pubmed/24507263
http://www.ncbi.nlm.nih.gov/pubmed/24507263
http://www.ncbi.nlm.nih.gov/pubmed/24694602
http://www.ncbi.nlm.nih.gov/pubmed/24694602
http://www.ncbi.nlm.nih.gov/pubmed/23570512
http://www.ncbi.nlm.nih.gov/pubmed/23570512
http://www.ncbi.nlm.nih.gov/pubmed/23153114
http://www.ncbi.nlm.nih.gov/pubmed/23153114
http://www.ncbi.nlm.nih.gov/pubmed/21663575
http://www.ncbi.nlm.nih.gov/pubmed/3723352
http://www.ncbi.nlm.nih.gov/pubmed/22583043
http://www.ncbi.nlm.nih.gov/pubmed/22583043
http://www.ncbi.nlm.nih.gov/pubmed/18787795
http://www.ncbi.nlm.nih.gov/pubmed/18787795
http://www.ncbi.nlm.nih.gov/pubmed/18242022
http://www.ncbi.nlm.nih.gov/pubmed/18242022
http://www.ncbi.nlm.nih.gov/pubmed/11311991
http://www.ncbi.nlm.nih.gov/pubmed/11311991
http://www.ncbi.nlm.nih.gov/pubmed/17276663
http://www.ncbi.nlm.nih.gov/pubmed/17276663
http://www.ncbi.nlm.nih.gov/pubmed/26498372
http://www.ncbi.nlm.nih.gov/pubmed/26498372
http://www.ncbi.nlm.nih.gov/pubmed/21169662
http://www.ncbi.nlm.nih.gov/pubmed/21169662
http://www.ncbi.nlm.nih.gov/pubmed/16198092
http://www.ncbi.nlm.nih.gov/pubmed/16198092
https://pharmascope.org/ijrpt/files/publish/published-pdf-91868-6-21-91868.pdf
https://pharmascope.org/ijrpt/files/publish/published-pdf-91868-6-21-91868.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22275828
http://www.ncbi.nlm.nih.gov/pubmed/22275828


13Glaucoma | www.smgebooks.com
Copyright  El-Salamouni NS.This book chapter is open access distributed under the Creative Commons Attribu-
tion 4.0 International License, which allows users to download, copy and build upon published articles even for 
commercial purposes, as long as the author and publisher are properly credited. 

57.	Fathalla D, Soliman GM, Fouad EA. Development and in vitro/in vivo evaluation of liposomal gels for the sustained ocular delivery 
of latanoprost. J Clin Exp Ophthalmol. 2015; 6: 390.

58.	Li H, Liu Y, Zhang Y, Fang D, Xu B, Zhang L, et al. Liposomes as a Novel Ocular Delivery System for Brinzolamide: In Vitro and In 
Vivo Studies. AAPS PharmSciTech. 2015; .

59.	Kouchak M, Bahmandar R, Bavarsad N. Ocular Dorzolamide Nanoliposomes for Prolonged IOP Reduction: in-vitro and in-vivo 
Evaluation in Rabbits. Iranian Journal of Pharmaceutical Research. 2016; 15: 205-212.

60.	Yu S, Wang QM, Wang X, Liu D, Zhang W, Ye T, et al. Liposome incorporated ion sensitive in situ gels for opthalmic delivery of 
timolol maleate. Int J Pharm. 2015; 480: 128-136.

61.	Leonardi A, Bucolo C, Drago F, Salomone S, Pignatello R. Cationic solid lipid nanoparticles enhance ocular hypotensive effect of 
melatonin in rabbit. Int J Pharm. 2015; 478: 180-186.

62.	Wang F, Chen L, Zhang D, Jiang S, Shi K, Huang Y, et al. Methazolamide-loaded solid lipid nanoparticles modified with low-
molecular weight chitosan for the treatment of glaucoma: vitro and vivo study. J Drug Target. 2014; 22: 849-858.

63.	Wang F, Chen L, Jiang S, He J, Zhang X, Peng J, et al. Optimization of methazolamide-loaded solid lipid nanoparticles for 
ophthalmic delivery using Box-Behnken design. J Liposome Res. 2014; 24: 171-181.

64.	Youshia J, Kamel AO, El Shamy A, Mansour S. Design of cationic nanostructured heterolipid matrices for ocular delivery of 
methazolamide. Int J Nanomedicine. 2012; 7: 2483-2496.

65.	Uchegbu IF, Vyas SP. Non-ionic surfactant based vesicles (niosomes) in drug delivery. Int J Pharm. 1998; 172: 33-70.

66.	Carafa M, Santucci E, Alhaique F, Coviello T, Murtas E, et al. Preparation and properties of new unilamellar non-ionic/ionic 
surfactant vesicles. Int J pharm. 1998; 160: 51-59.

67.	Dubey A, Prabhu P. Development and investigation of Niosomes of Brimonidine tartrate and Timolol maleate for the treatment of 
glaucoma. International Journal of PharmTech Research. 2014; 6: 942-950.

68.	Jiao J. Polyoxyethylated nonionic surfactants and their applications in topical ocular drug delivery. Adv Drug Deliv Rev. 2008; 60: 
1663-1673.

69.	Saettone MF, Perini G, Carafa M, Santucci E, Alhaique F. Non-ionic surfactant vesicles as ophthalmic carriers for cyclopentolate. 
A preliminary evaluation. STP pharma sciences. 1996; 6: 94-98.

70.	Akers MJ, Vasudevan V, Stickelmeyer M. Formulation development of protein dosage forms. Pharm Biotechnol. 2002; 14: 47-127.

71.	Rabinovich-Guilatt L, Couvreur P, Lambert G, Dubernet C. Cationic vectors in ocular drug delivery. J Drug Target. 2004; 12: 623-
633.

72.	Sahoo RK, Biswas N, Guha A, Sahoo N, Kuotsu K. Nonionic surfactant vesicles in ocular delivery: innovative approaches and 
perspectives. BioMed research international. 2014; 2014.

73.	Abdelkader H, Farghaly U, Moharram H. Effects of surfactant type and cholesterol level on niosomes physical properties and in 
vivo ocular performance using timolol maleate as a model drug. Journal of Pharmaceutical Investigation. 2014; 44: 329-337.

74.	Hasan AA. Design and in vitro characterization of small unilamellar niosomes as ophthalmic carrier of dorzolamide hydrochloride. 
Pharm Dev Technol. 2014; 19: 748-754.

75.	Dubey A, Prabhakara P. Ocular Drug Delivery Systems for Treatment of Glaucoma. Int J Pharm Sci Nanotech. 2014; 7: 1-11.

76.	Warsi MH, Anwar M, Garg V, Jain GK, Talegaonkar S, Ahmad FJ, et al. Dorzolamide-loaded PLGA/vitamin E TPGS nanoparticles 
for glaucoma therapy: Pharmacoscintigraphy study and evaluation of extended ocular hypotensive effect in rabbits. Colloids Surf 
B Biointerfaces. 2014; 122: 423-431.

77.	Jain K, Kumar RS, Sood S, Dhyanandhan G. Betaxolol hydrochloride loaded chitosan nanoparticles for ocular delivery and their 
anti-glaucoma efficacy. Curr Drug Deliv. 2013; 10: 493-499.

http://www.omicsonline.org/open-access/development-and-in-vitroin-vivo-evaluation-of-liposomal-gels-for-the-sustained-ocular-delivery-2155-9570.1000390.php?aid=40420
http://www.omicsonline.org/open-access/development-and-in-vitroin-vivo-evaluation-of-liposomal-gels-for-the-sustained-ocular-delivery-2155-9570.1000390.php?aid=40420
http://www.ncbi.nlm.nih.gov/pubmed/26335415
http://www.ncbi.nlm.nih.gov/pubmed/26335415
https://www.researchgate.net/publication/296585327_Ocular_Dorzolamide_Nanoliposomes_for_Prolonged_IOP_Reduction_in-vitro_and_in-vivo_Evaluation_in_Rabbits
https://www.researchgate.net/publication/296585327_Ocular_Dorzolamide_Nanoliposomes_for_Prolonged_IOP_Reduction_in-vitro_and_in-vivo_Evaluation_in_Rabbits
http://www.ncbi.nlm.nih.gov/pubmed/25615987
http://www.ncbi.nlm.nih.gov/pubmed/25615987
http://www.ncbi.nlm.nih.gov/pubmed/25448580
http://www.ncbi.nlm.nih.gov/pubmed/25448580
http://www.ncbi.nlm.nih.gov/pubmed/25045926
http://www.ncbi.nlm.nih.gov/pubmed/25045926
http://www.ncbi.nlm.nih.gov/pubmed/24611687
http://www.ncbi.nlm.nih.gov/pubmed/24611687
http://www.ncbi.nlm.nih.gov/pubmed/22679362
http://www.ncbi.nlm.nih.gov/pubmed/22679362
http://www.sciencedirect.com/science/article/pii/S0378517398001690
http://www.sciencedirect.com/science/article/pii/S0378517397002949
http://www.sciencedirect.com/science/article/pii/S0378517397002949
http://connection.ebscohost.com/c/articles/97255624/development-investigation-niosomes-brimonidine-tartrate-timolol-maleate-treatment-glaucoma
http://connection.ebscohost.com/c/articles/97255624/development-investigation-niosomes-brimonidine-tartrate-timolol-maleate-treatment-glaucoma
http://www.ncbi.nlm.nih.gov/pubmed/18845195
http://www.ncbi.nlm.nih.gov/pubmed/18845195
http://cat.inist.fr/?aModele=afficheN&cpsidt=2995504
http://cat.inist.fr/?aModele=afficheN&cpsidt=2995504
http://www.ncbi.nlm.nih.gov/pubmed/12189730
http://www.ncbi.nlm.nih.gov/pubmed/15621688
http://www.ncbi.nlm.nih.gov/pubmed/15621688
http://www.hindawi.com/journals/bmri/2014/263604/
http://www.hindawi.com/journals/bmri/2014/263604/
http://link.springer.com/article/10.1007%2Fs40005-014-0121-8
http://link.springer.com/article/10.1007%2Fs40005-014-0121-8
http://www.ncbi.nlm.nih.gov/pubmed/23964893
http://www.ncbi.nlm.nih.gov/pubmed/23964893
http://ijpsnonline.com/Issues/2412_full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25159319
http://www.ncbi.nlm.nih.gov/pubmed/25159319
http://www.ncbi.nlm.nih.gov/pubmed/25159319
http://www.ncbi.nlm.nih.gov/pubmed/23410069
http://www.ncbi.nlm.nih.gov/pubmed/23410069

	Title
	ABSTRACT
	INTRODUCTION
	OPHTHALMIC INSERTS
	CONTACT LENSES
	IN-SITU HYDROGELS
	COLLOIDAL NANOCARRIERS
	Liposomes
	Lipid Nanoparticles
	Niosomes
	Polymeric Nanoparticles

	CONCLUSION
	References
	Table 1
	Table 2
	Table 3

