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various glaucoma types, including primary open-angle glaucoma
(POAG) and normal-tension glaucoma (NTG), is complex and multifactorial, necessitating
tailored treatment strategies. Genetic factors also play a crucial role, with specific genes
implicated in different glaucoma forms. Comprehensive evaluations combining medical
history, visual field testing, IOP measurement, and advanced imaging techniques like Optical
Coherence Tomography (OCT) are vital for accurate diagnosis. Nanomedicine, characterized
by its nanoscale innovations, addresses the challenges of conventional drug delivery systems.

It provides a platform for combinatorial therapies that target multiple pathophysiological
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processes simultaneously, thus enhancing treatment outcomes. Future research should focus
on novel nanomaterials, implantable devices for sustained drug release, and gene therapy
approaches. By leveraging these advancements, the management of glaucoma can be
revolutionized, ultimately improving patient adherence, comfort, and quality of life.

KEYWORDS: Glaucoma, Nanotechnology, POAG, NTG, Novel Drug Delivery.

INTRODUCTION

Glaucoma is a family of ocular diseases that affect the optic nerve. Although intraocular
pressure (IOP) is frequently linked to glaucoma, other factors that may contribute to the
condition include high blood pressure, migraines, obesity, ethnicity, and family history. The
optic nerve is harmed by high 10OP. The elderly and those over 60 are most affected by this
condition. The Optic Nerve Head (ONH), a section of the Optic Disc (OD), is where the optic
nerve degeneration occurs. The injury caused by glaucoma is largely irreparable, and all
types of the condition are irreversible. The patients' only options are strategies to reduce the
disease's rate of progress. Early detection of disease is essential to the effectiveness of all
therapy.™! Among the drawbacks of conventional treatments are frequently insufficient
intraocular pressure control, systemic adverse effects, and poor medication delivery.
Nanotechnology is a game-changer because it provides focused, effective, and minimally
invasive solutions. Nanoparticles, liposomes, and dendrimers are engineered to: Enhance
drug bioavailability and solubility, Target specific ocular tissues, provide sustained release
and controlled delivery, and reduce systemic toxicity. They have also improved efficacy,

reduced side effects, personalized medicine, Non-invasive or minimally invasive.

Pathophysiology

Eye diseases Glaucoma represents a grave ocular disease. Several factors, including age,
diabetes, hypertension, and myopia, can lead to this irreversible visual loss. There are other
variations of the illness, such as POAG, PACs, and NTG. Its pathogenesis must be understood

for a proper diagnosis and course of treatment.

Eye diseases Retinal ganglion cells (RGCs) and their axons sustain early disease damage,
which leads to vision loss, even though the pathophysiology of POAG is unknown. Risk
factors include a thin middle cornea, advanced age, and high intraocular pressure (IOP). Even
though lowering IOP with surgery or medication is the aim of POAG therapy, many patients

nevertheless gradually lose their field of vision. Neuroprotective strategies and RGC axon

www.wipps.com | Vol 13, Issue 11,2024. | 1SO 9001:2015 Certified Journal | 1194




Ahire et al. World Journal of Pharmacy and Pharmaceutical Sciences

regeneration therapies are examples of additional medications under investigation.™
Pupillary block, anterior lens movement, and lens convexity are a few of the variables that
might cause angle closure (PAC). An increase in intraocular pressure occurs when the angle
closes from superior to inferior. Pupillary block is the most common cause. It causes iris
bending, angle appositional closure, and a larger pressure differential between the anterior
and posterior chambers of the eye. Shallow anterior chambers are more prone to pupilar
block, and iris thickness can affect the pressure differential between both chambers. Greater
iris convexity is caused by anteriorly positioned lenses, which are important in the
pathophysiology of PAC. Lens movement forward, as observed in progressive cataract
phacomorphic glaucoma™ intraocular pressure (IOP), which might raise susceptibility to
glaucomatous damage, is one of the many complicated elements that define non-trial
glaucoma (NTG). The axons, capillaries, and astrocytes can sustain harm due to deformation
associated with IOP. Low IOP can cause CSF compartment syndrome and progressive optic
neuropathy, which both lower the body's ability to remove hazardous substances. The
pathophysiology of NTG can also be attributed to inadequate blood flow, vascular
dysregulation, systemic hypotension, and sleep apnea/hypopnea syndrome. Another cause is

basic vascular dysfunction, which is more common in Asians and women.

Genetics

The genetics of glaucoma are complex and multifactorial, involving various genes and
inheritance patterns. Here's an overview:

Types of glaucoma with genetic components

Primary Open-Angle Glaucoma (POAG): Associated with multiple genetic variants.

Primary open-angle glaucoma is the most common kind of disease in most individuals
worldwide.”™ POAG individuals have high intraocular pressure as a risk factor for glaucoma
development, even when their ocular structures are normal. Up to one-third of the individuals
in the NTG POAG subgroup have normal 10P.! Compared to POAG, those with NTG may

be more vulnerable to optic nerve degeneration.[”

Normal-Tension Glaucoma (NTG): Associated with OPA1, OPTN, and TBK1 genes.

The pathophysiology of NTG is diverse, involving several genes. A potential hereditary
susceptibility to NTG is suggested by the existence of a family history in NTG cases.*Y NTG
is thought to be caused by variations in genes such as myocilin (MYQOC), optineurin (OPTN),
and WD repeat-containing protein 36 (WDR36), though more research is needed to confirm
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this.[*% Hereditary NTG may be connected to the ocular atrophy type 1 (OPA1) gene, which
is involved in mitochondrial function and causes RGC apoptosis. TANK binding kinase gene
mutations have been linked to severe VF defects in NTG. 1 (TBK1), endothelin receptor type
A (EDNRA), and toll-like receptor 4 (TLR4).["

Primary Angle-Closure Glaucoma (ACG): Linked to genetic variants in PLEKHA7 and
COL11A1.

PACG is a major cause of permanent lack of vision, especially in Asia. In patients with
PACG, signs may be acute, subacute, or chronic. Greater intraocular pressure is caused in
PACG patients independent of symptoms because of the opposition of the peripheral iris and
trabecular meshwork, which creates a barrier to fluid flowing out of the eye. An extremely
high IOP caused by PACG may cause the optic nerve to deteriorate.'”! Research indicates
that PACG may have a genetic component even if no environmental risk factors exist. Human
family aggregation of early-onset angle-closure glaucoma is included in the spectrum of
nanophthalmos, a severe form of hyperopia that can result in angle closure as a result of age-
related lens enlargement. Nanopthalmos, a hereditary autosomal dominant or recessive
disorder, is caused by mutations in the MFRP and TMEM®98 genes. Aberrant BEST1 can lead
to Bestrophinopathy, an autosomal recessive form of retinal degeneration that often coexists

with angle closure glaucoma.*?

Genetic risk factors

1. MYOC (Myocilin): Mutations increase POAG risk.

2. OPTN (Optineurin): Mutations associated with NTG.

3. TBK1 (TANK-binding kinase 1): Mutations linked to NTG.

4. CYP1B1 (Cytochrome P450 1B1): Mutations cause PCG.

5. FOXC1 (Forkhead box C1): Mutations associated with PCG.[**!

Inheritance patterns

1. Autosomal Dominant: POAG, PCG.
2. Autosomal Recessive: PCG.

3. X-linked: Some cases of PCG.1*4

Evaluation & Diagnosis
Clinical evaluation

Medical history: Assessing symptoms, family history, and previous eye conditions.
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Visual acuity: Measuring central vision using Snellen charts.

Visual field testing

The use of static automated visual field testing is now part of the diagnosis and Roni coring
process for primary open-angle glaucoma. The interpretation of the vast volumes of data
generated by this equipment is not automated, even though many testing-related tasks are.
Identifying the differences between a patient's normal vision areas and those of a patient with
early glaucoma, as well as determining whether slight decreases in sensitivity are the result of
a real defect or a byproduct of other variables, are two of the practitioner's biggest concerns.
In addition to some of the other testing methods available for the evaluation of glaucoma,
This study offers a clinical review of the systematic analysis of the field of vision graphs to

find errors caused by patient factors.[*®!

Intraocular pressure (I0P) measurement

In particular, individuals with glaucoma, ocular hypertension, and those with risk factors for
the condition require intraocular pressure (IOP) measurements during optical examinations.
Although Goldmann applanation tonometry (GAT) is still the gold standard for measuring
intraocular pressure (IOP), it is dependent on several corneal variables, requires local
anesthetics, and can be difficult to administer to youngsters, patients with limited compliance,
and patients undergoing surgery. Numerous tonometers have been proposed in the past to
address the problems with GAT. The authors examine the many intraocular pressure (IOP)
measurement instruments now in use, stressing their primary benefits and drawbacks. An

essential first step will be the ongoing monitoring of IOP, which is now being assessed.!*®!

Pupil examination

Progressive loss of retinal ganglion cells and their optic nerve axons causes anatomical and
functional impairments (loss of vision field and damage to the optic disc) in glaucoma.
Retinal nerve fiber loss frequently occurs asymmetrically in the upper and lower retina, and
damage from glaucoma is sometimes more severe in one eye. To detect glaucoma patients,
diagnostic methods can make use of this asymmetry. The afferent input from the retina and
optic nerve is indicated by the pupillary light reflex (PLR). Referred to as a "relative afferent
pupillary defect” (RAPD), asymmetry in the PLR between the two eyes is frequently an

indication of unilateral or asymmetric impairment of the anterior afferent visual pathways.
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RAPDs are frequently clinically observable in glaucoma patients. Several methods for
measuring or quantifying a RAPD have been described. They include the swinging flashlight
test (SFT), which measures the pupillary response more accurately by subjectively rating
each pupil's initial constriction and subsequent redilation in response to a bright light

swinging, either with or without the use of neutral density filters.

Further improvements in the measurement of the pupillary response to light have been made
possible by the development of pupillography. Six Some have employed pupil perimetry to
track pupillary constriction in response to perimetric light stimuli aimed at various regions of
the retina to assess the visual field objectively. We examined methods for assessing and
quantifying PLR in glaucoma patients in this study. Additionally, we evaluated how accurate

those methods were in identifying glaucoma.l*”

Corneal thickness measurement

One sensitive measure of corneal health is corneal thickness and function which is simple to
measure. It displays both structural alterations and endothelial pump function inside the
stroma. A lower central corneal thickness (CCT) is a crucial metric to assess in the treatment
of glaucoma. The possibility of developing ocular hypertension (OHT) into POAG (primary
open-angle glaucoma)l in addition to already glaucoma treatment. The best standard used
today to measure corneal Ultrasound pachymetry (USP) measures thickness. Research has
demonstrated minimal variability between and between observers. The need for topical
anesthesia, the probe's contact with the cornea, and the doctor's experience are among the
four to six disadvantages. CCT instability7 may result after topical anesthetics and the

process may result in patient epithelial erosion, and discomfort.*®!

Diagnostic tests

Optical Coherence Tomography (OCT)

The diagnosis of glaucoma depends on both the anatomical examination of the retina and
optic nerve as well as the functional evaluation of the patient's eyesight. OCT was a
breakthrough in the treatment of glaucoma because it could observe the retinal substructure.
Automated segmentation of the retinal layers allowed for the objective assessment of the
retinal tissue layers, including the ONH, peripapillary region, and macula. By evaluating
whether structures are borderline or outside of normal limits, clinicians can better recognize

and track the evolution of sickness by comparing these measures with established normative
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databases. Before changes in the visual field, RNFL thinning is often one of the first signs of

glaucoma.™*

Ultrasound bio-microscopy (UBM)

Ultrasound biomicroscopy (UBM) is a vital diagnostic, evaluation, and follow-up technique
for glaucoma patients. The mechanism of angle closure can be found even in individuals with
primary open-angle glaucoma (POAG) or primary angle closure glaucoma (PACG) by doing
a UBM. UBM can assess eye structures at the microscopic level. The cornea, which appears
as a curving hyperreflective line, is the most anterior structure. Its components, thickness, and
shape can all be assessed. Because of its superficial location, a high-resolution transducer can
be used to measure not only the global thickness but also the thickness of its constituent parts,
including the epithelium. The anterior chamber (AC) is found in front of the iris and behind
the cornea. UBM imaging may be used to measure its dimensions and provide information
about its shape, composition, and angle. AC depth should typically be between 2.5 and 3.0

mm, although there are large variances.*”!

Scanning laser polarimetry

The scanning laser polarimeter (Nerve Fiber Analyzer [NFA]-GDx or NFA II; Laser
Diagnostic Technologies, San Diego, Calif.) doubles as a confocal scanner laser
ophthalmoscope thanks to its inbuilt polarization modifier. Its operational details have been
previously disclosed. Through the utilization of the eye's optical medium, a single spot of the
retina is illuminated by the light source, a 780 nm polarization-modulated laser beam.
Finding the reflected light that double-passes the RNFL at that spot allows one to calculate
the retardation there. The retardation map is produced by progressively focusing the laser
beam over each of the 256x256 retinal sites, assigning a corresponding retardation value to
each retinal location (pixel). We used a field of view that was around 15°. The collection time
for these 65,536 data sets was 0.7 seconds. The only distinction between the NFA-GDx and
the NFA 11 is the presence of a normative database and a screening mode, neither of which

we utilized.?!

Treatment

Nanomedicine

Nanotechnology is the study of science, engineering, and technology at the 1-10 nm
nanoscale. The founder of nanotechnology, Richard Feynman, suggested modifying

molecules and atoms using microscopic machinery.”? The term "nanomedicine" describes
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technology that helps cure and diagnose diseases at the molecular level, or that monitors,

controls, builds, repairs, defends, and enhances human biological systems.!

The size of the nanoparticles, which can be predicted using quantum mechanics, is what
defines nanotechnology. Compared to macro-scale materials, nanomaterials provide a greater
variety of synthetic reactions due to their distinct chemical and physical properties. The
medical community is now interested in them because to their electric conductivity,
biocompatibility, magnetic properties, and biodegradable properties The medical profession is
now interested in them because of their electric conductivity, biocompatibility, magnetic
properties, and biodegradability.!**!

Nanomedicine as novel drug delivery system

The eye illness glaucoma is defined by the progressive erosion and functional aggravation of
the optic nerve, which results in a loss of visual sensitivity and eventual blindness.’® The
elderly may find it difficult to stick to treatment regimens including topical medicine or eye
drops, as they may have decreased physical dexterity. It is essential to develop a novel drug
delivery system that can release the medication gradually over several months with just one
dose.?? Drug delivery is commonly achieved by the use of nanoparticles, nanodiamonds,
nanocrystals, dendrimers, nanosuspension, niosomes, liposomes, and other devices. These
nanoparticles can integrate pharmaceuticals by conjugation or encapsulation on their surface,
improving and offsetting the drawbacks of traditional therapy. Hydrogels can also be
modified with inorganic nanoparticles to replicate the sustained release mechanical feature of

contact lenses. %!

The medication kind, target tissue, and administration route are some of the parameters that
impact the choice of drug delivery method. Targeted distribution, bioavailability, prolonged
release, dosage accuracy, longer shelf life, less tissue irritation, and improved solubility are
all provided by drug delivery systems based on nanotechnology.?”?*! Despite its widespread
use, topical administration of glaucoma medications is still hampered by limited
bioavailability and poor corneal permeability. Through surface functionalization,
nanoparticles can increase their precorneal retention period and hence enhance effectiveness.
Although endocytic pathways allow them to enter cells, one must take into account the
toxicity of nanomaterials. Numerous biological models have been employed to assess

possible toxicity; nonetheless, the majority demonstrate oxidative stress and impaired visual
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systems during exposure to inorganic nanoparticles. Therefore, the harmful effects of the

nanoparticles determine the efficacy and safety of glaucoma treatment. !

Liposomes

Liposomes are biocompatible synthesized phospholipid bilayers that can be used to deliver
hydrophilic and hydrophobic drugs to the body. They can transport drug molecules to their
intended targets while encasing and shielding solutes. Drug molecules can be engineered into
liposomes with increased bioavailability, bioefficacy, and prolonged release. Because of their
sensitivity to changeable triggers including pH levels, electromagnetic waves, and
thermosensitivity, the release of trapped molecules may be strictly controlled.P” The surface
charge of the liposomes has a major impact on the duration of drug interaction at the corneal
epithelium's surface. Positively charged liposomes have better corneal penetration and
encapsulation efficiency than neutral or negative-charged liposomes.!

Clinical applications of conventional liposomes are limited by their propensity to
agglomerate, leaking of encapsulated medication, and phagocytosis susceptibility. Changing
the liposomes' surface properties has assisted in overcoming these limitations. Liposomes
have been coated with bioadhesive polymers, which have the effect of preventing aggregation
and raising their viscosity. In an in vitro drug release investigation, timolotil maleate
chitosan-coated liposomes (TMCHL) increased the corneal permeability coefficient by 3.18
times.[*4

The effectiveness and safety of drug-loaded Nano liposomes in the treatment of glaucoma
have been investigated in recent clinical trials. In rabbits, dorzolamide (DRZ)-loaded
nanoliposomes outperformed commercially available formulations in terms of I0P
reduction.®® In 6 participants with ocular hypertension or primary open-angle glaucoma,
lipomal latanoprost injections were given once in the subconjunctival tissue."

Niosomes

The hydrophilic and hydrophobic medications are carried via niosomes, which are circular,
closed bilayer structures of non-ionic amphiphiles that are inexpensive. With chitosan-coated
niosomes decreasing rabbits’ IOP and multilamellar niosomes entrapping greater dosages,

they offer therapeutic efficacy and longer bioavailability.!**

www.wipps.com | Vol 13, Issue 11,2024. | 1SO 9001:2015 Certified Journal | 1201




Ahire et al. World Journal of Pharmacy and Pharmaceutical Sciences

Polymeric nanoparticles

Polymeric nanoparticles are spherical particles that can pass right through biological
membranes and get drugs to the right organs. First-generation, second-generation, and third-
generation are the three groups into which they fall. Pilocarpine-loaded nanoparticles lower
IOP without causing side effects, PGT-loaded nanoparticles release timolol for a longer
period, and Eudragit nanoparticles containing ACZ enhance ocular tissue permeability.=®
Dendrimers

Dendrimers, flexible polymers with large surface areas, can accommodate drugs due to their
nonimmunogenic and biocompatible properties. They offer longer residual time, less
discomfort, and higher absorption compared to commercial eye drop formulations.”

Nanosuspension

Nanosuspensions, composed of solid particles in the liquid phase, can increase lipophilic
medications' bioavailability and be easily incorporated into hydrogels. lon Exchange Resins
(IERs) provide competitive binding and shielding for ionic medications.’”” Butanol-loaded
nanoparticles have been authorized for ocular medication delivery, with no discernible

difference in intraocular pressure lowering but a reduced prevalence of ocular pain.=®!

Cyclodextrin complex

Three kinds of cyclic oligosaccharides with sugar molecules resembling rings are called
cyclodextrins: o—, p—, and y—cyclodextrins. Lipophilic medicines can pass through the corneal
surface because they facilitate drug transport without changing their structural makeup.
Examples include the BZL-hydro propyl-B-cyclodextrin inclusion complex in nanoliposomes
and the sulfobutyl ether of the beta-cyclodextrin complex for pilocarpine.l*"!

Nanocrystals

Small crystalline particles, known as nanocrystals, possess a high surface area and strong
bioavailability without the need for carriers. Their diameter is less than 1 um. While cellulose
nanocrystals and triblock poloxamer co-polymer formulations had higher sustained drug

release, BZL nanocrystals showed higher efficacy in decreasing 10P.1"
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Future prospective

Combinatorially tailored nanomedicine

A combination of treatment medicines that target various pathophysiological processes in
glaucomatous conditions may be more beneficial than monotherapy, given that glaucoma is a
multifactorial neurodegenerative disease of RGCs."*" Conventional topical antiglaucoma eye
drops make it difficult to deliver more than one therapeutic agent with different
physicochemical characteristics at the same time. However, nanocarrier systems allow for the
simultaneous delivery of numerous therapeutic moieties. For instance, Chan and associates
developed a thermo-sensitive PLGAPEG-PLGA co-polymer that simultaneously conveyance
hydrophilic and hydrophobic compounds (rhodamine B and coumarin 6). For up to four
weeks, a single subconjunctival injection of the produced nano platform may produce a high
drug concentration. In the future, tailored combinatorial therapy based on nano drug carriers
and tailored to each patient's physiological profile may be a common option for treating
glaucoma.”?

System for delivering combination nano drugs

Through the entrapment or embedding of nanoparticles (NPs) into electrospun nanofibers
(NFs), a hybrid nano system is developed. Comparing a hybrid nanodrug delivery system to a
single-originated nano system, the former minimizes the disadvantages of each component
while preserving the benefits of the latter. Additionally, entrapped NPs enhance the total
surface area for pharmacological drug attachment. When relatively poor biocompatibility
NPs are mixed with high biocompatibility polymers, for instance, the external polymer
matrixes may protect the drug load and embed the NPs in living tissues, enhancing drug
release activities and reducing bio-toxicity. Improved retinal residence, extended interaction
time, accurate dose delivery, sustained drug release, decreased dosing frequency, enhanced
bioavailability, and less potential for adverse effects are some benefits of using NPs in
electrospun NFs.1*!

CONCLUSION

Innovative treatments are required for glaucoma, a major cause of permanent blindness.
Novel drug delivery techniques that are based on nanotechnology present encouraging
alternatives. This review focuses on how nanotechnology has enabled the treatment of
glaucoma. Treatment for glaucoma has been transformed by nanotechnology, which has

produced amazing breakthroughs. Important discoveries include improved drug
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administration using dendrimers, liposomes, and nanoparticles, increasing bioavailability and
facilitating targeted ocular distribution. Therapeutic efficacy is increased by controlled
distribution and sustained release methods. The targeted distribution also ensures patient
safety by reducing systemic toxicity. These innovations change the way glaucoma is
managed, enhance patient compliance, and maximize treatment results. Treatment
Implications of Nanotechnology for Glaucoma: The treatment of glaucoma with
nanotechnology has significant effects on patient care. Increasing adherence, streamlining
treatment plans, and lowering dosage frequency all contribute to better patient compliance.
Improved therapeutic results are another benefit of targeted delivery, which maximizes
medication effectiveness and illness control. Furthermore, enhanced patient comfort and
safety are guaranteed by the reduced chance of systemic side effects. In the end,
nanotechnology gives glaucoma sufferers more individualized and efficient therapy options.
This complex effect changes the way glaucoma is managed, improving patient outcomes and
quality of life. Future studies should focus on three main areas to improve glaucoma therapy.
First, new medication transport, bioavailability, and therapeutic efficacy will be unlocked by
researching innovative nanomaterials and formulations. Secondly, developing implantable
nanodevices for sustained release will revolutionize treatment regimens, ensuring consistent
and optimal drug concentrations. Lastly, exploring gene therapy and stem cell-based
approaches will unveil innovative, non-traditional treatments, potentially reversing or halting
glaucoma progression. By pursuing these avenues, researchers can overcome existing
limitations, improve patient outcomes, and ultimately transform the glaucoma treatment

landscape.
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