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ABSTRACT
Glaucoma is a slowly progressive degenerative disorder of optic nerve caused by increased intraocular
pressure and vascular derangement. This is the second leading cause of blindness worldwide. The
drugs currently available to treat glaucoma are β blockers, prostaglandin analogue, alpha-agonists,
carbonic anhydrase inhibitors and cholinergic agonists. None of the available drugs can reverse or
arrest neuronal loss. Moreover, usually single therapies are not effective in most of the cases and
combination therapies are needed. The adverse effects noted with the currently used medications in
glaucoma include as dry eye, burning, stinging sensations, tearing and allergic reactions. The goal of
research in this field is to arrest/reverse apoptotic damage to optic nerve and hence slow the disease
progression and improve quality of life. This article discusses some of the newer drug options which
seem to be promising in the treatment of glaucoma and are in one or the other stage of clinical
development.
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INTRODUCTION
Glaucoma is not a single disease
process but a group of disorders
characterized by a progressive optic
neuropathy
resulting
in
a
characteristic appearance of the optic
disc and a specific pattern of
irreversible visual field defects that are
associated
frequently
but
not
invariably with raised intraocular
pressure (IOP).1It is the second leading
cause
of
irreversible
blindness
worldwide. It is largely a disease of the
ageing eye.Prevalence of glaucoma is

It is estimated that there are more
than 60 million cases of glaucoma
worldwide and it will increase to 80
million by 2020.3 It is estimated that
more than 3 million people are blind
due to glaucoma.4The estimated
prevalence of glaucoma is 2.65% in
people above 40 years of age. Globally,
primary open-angle glaucoma (POAG)
is more prevalent than primary angle
closure
glaucoma
(PACG)
and
responsible for around three fourth of
all glaucoma cases.4 In India, the
estimated number of cases
of
glaucoma is 12 million, around one
fifth of the global burden of
glaucoma.3
There are several types of glaucoma
like congenital glaucoma, primary
glaucoma (Open angle and closed
angle) and secondary glaucoma (lens
dislocation,
phacolysis,
trauma,
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life expectancy. 2
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Current treatment options can be
broadly classified as drugs which
decrease aqueous production and
drugs
which
increase
aqueous
outflow.
Drugs
which
decrease
aqueous production includes betablockers
(levobunolol,
timolol,
betaxolol),
alpha-2
adrenergic
Agonists (apraclonidine, brimonidine),
carbonic
anhydrase
inhibitors
(acetazolamide,
dorzolamide)
and

Despite
the
available
treatment
options, glaucoma remains the second
leading cause of irreversible blindness
worldwide. Once optic neuropathy and
RGC loss are established, no currently
available treatment can reverse the
process. Also, many of the currently
available topical medications are
associated with various
adverse
effectssuch as dry eye, burning,
stinging sensations, tearing and
allergic reactions.
Novel compounds in drug classes of
FDA standardsThe efficacy standard for new IOPlowering agents is equivalent to one of
four FDA approved ophthalmic drugs:
timolol
maleate,
latanoprost,
bimatoprost, or travoprost.
Novel drug targeting β-receptors
SYL-040012 (Bamosiran) is a small
interfering RNA (siRNA) agent, that
triggers RNA interference (RNAi), an
endogenous cellular process in which
double-stranded RNA can cause
physiological
gene
silencing
in
organisms.10 SYL-040012 reduces IOP
by
knockdown
of
β2-adrenergic
receptors.11 The efficacy of this agent
is equivalent to timolol and is the only
novel compound that targets βreceptors.
This new pharmacological approach
appears to be promising for glaucoma
treatment; however RNAi-based drugs
face potential development obstacles
such as targeted delivery, efficacy,
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Glaucomatous optic neuropathy is a
chronic process, which progresses
over
many
years.7The
primary
mechanism of retinal ganglion cell
damage in glaucoma is not completely
understood. Elevated IOP (>21 mmHg)
and vascular insufficiency are the
primary factors which result in
various secondary factors like growth
factor deprivation, glutamate receptor
upregulation, oxidative stress, nitric
oxide synthatase activation, TNF
alpha receptor upregulation and
extracellular matrix changes leading
to retinal ganglion cell apoptosis.8 The
proposed mechanisms for RGC death
includes mechanical compression due
to
raised
intraocular
pressure,
excitotoxicity (glutamate, oxygen free
radicals, or nitric oxidewhich are
released when RGCs undergo death
due to primary insults), failure of
auto-regulatory mechanism of blood
flow to retina & optic nerve,
neurotropic growth factor deprivation. 7

drugs which increase aqueous outflow
includes
nonspecific
adrenergic
agonists (epinephrine, dipivefrine),
parasympathomimetics
(pilocarpine,
carbachol,
echothiophate)
and
9
prostaglandins (latanoprost).
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uveitis, topical corticosteroids). The
two main types are open angle
glaucoma
and
angle
closure
glaucoma.5Various risk factors for
glaucoma development are age (more
commonly seen in elderly between 5th
and 7th decades), race(more common,
develops earlier and is more severe in
black), myopes, diabetics, cigarette
smoking, topical corticosteroids.6
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Novel prostanoid EP2 receptor
Agonist
PF-04217329 (Taprenepag isopropyl)
is a novel prostanoid EP2 receptor
agonist. It is believed to act by
increasing uveoscleral outflow. Its
activity at dose levels (0.0025%,
0.01% and 0.02%) is comparable and
additive
to
already
available
prostanoid
analogue,
latanoprost
(0.005%). It is currently in Phase II
clinical trials.16
AR-102 (mopidamol)-FP agonist and
NCX-116/BOL-303259-X/PF03187207 (nitric oxide donating
prostaglandin F2α agonist) are some
other molecules in phase II clinical
trial for glaucoma.11
NOVEL TARGETS
Latrunculins
Latrunculins are macrolides that
inhibit
actin
polymerization
by
sequestering monomeric actin in
trabecular meshwork and thereby
increases trabecular outflow by a
novel mechanism of actin cytoskeleton
disruption in cells of the conventional
pathway.17It is currently in phase I
trials. By far, results of the study are
insignificant. At dose levels of 0.02%
and 0.05%, side effects reported are
mild ocular redness, irritation, and
transient increase in central corneal
thickness.18
Rho-associated protein kinase and
norepineprine transporter
The
Rho
family
of
small
guanosinetriphosphatases (GTPases)
has a central role in cellular processes

like actin cytoskeleton assembly,
actin-myosin
mediated
cell
contraction, cell shape, motility,
proliferation and apoptosis.19 ROCK
(Rho-associated coiled coil-forming
protein kinase) is an effector molecule
of Rho in the Rho-dependent signal
transduction pathway and cause
polymerazition of actin molecules.
Thus, specific inhibitors of ROCK that
modulate changes in the actin
cytoskeleton and cellular motility of
canal, and ciliary muscle may
comprise a potential new class of
ocular
hypotensive
drugs
that
enhance
aqueous
drainage.20
Inhibition of norepineprine transporter
(NET) is known to increase adrenergic
signaling
and
appears
to
be
responsible for the decrease in
aqueous humor production.21 AR13324, K-115, Y-39983, RKI-983,
AMA-0076, AR-13533 are some of the
molecules which are under clinical
development for the effective and safe
treatment of glaucoma.
Topical AR-13324 (Rhopressa) is a
Rho
kinase/norepinephrine
transporter (ROCK/NET) inhibitor.22
Acting via these targets, the drug
reduces intraocular pressure (IOP) by
three mechanisms i) through ROCK
inhibition, it increases fluid outflow
through the trabecular meshwork
(TM)
which
accounts
for
approximately 80% of fluid drainage
from the eye; (ii) as demonstrated in a
preclinical study, it reduces episcleral
venous
pressure
(EVP)
which
represents the pressure of the blood in
the episcleral veins of the eye where
aqueous
fluid
drains
into
the
bloodstream; and (iii) through NET
inhibition, it reduces the production of
aqueous fluid.23,24 Given as a oncedaily eye drop (0.02%) for a period of
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selectivity,
and
safety.12-14It
currently in phase II clinical trial.15
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AMA 0076, a ROCK inhibitor, applied
as eye drops, effectively penetrates the
cornea, and produces its therapeutic
effect by increasing the outflow of
aqueous
humor
through
the
trabecular
meshwork,
thereby
reducing IOP. Systemically, AMA0076
is rapidly converted into an inactive
form which is eliminated from the
body. This unique feature is aimed at
preventing
off-target
activity.
Hyperemia which is a common side
effect of ROCK inhibitors leading to

K-115 (Ripasudil; 0.04%), another
ROCK inhibitor, has completed Phase
III study produced significant, dosedependent reductions in IOP in eyes
with
glaucoma
and
ocular
hypertension. The effects were additive
when
combined
with
current
prostaglandin agent or β blocker. The
new drug produced tolerable side
effects mostly limited to transient
hyperemia.31
Adenosine receptor
Adenosine is an endogenous purine
nucleoside
that
modulates
physiological and pathophysiological
processes by activating the G proteincoupled adenosine receptors.32 A3
adenosine receptor (A3AR) agonists
have been found to protect normal
cells
from
apoptosis
via
the
33
downregulation of death signals.
CF101, an A3 adenosine receptor
(A3AR) agonist, is a novel, first in
class
small
molecule
orally
bioavailable drug which binds with
high affinity and selectivity to the
A3AR, which is known to be overexpressed in inflammatory cells. The
drug acts as a neuro-protective agent
and prevents apoptosis of retinal
ganglion cells. The drug has excellent
safety profile and anti-inflammatory
effects.34It is presently in phase II
clinical trial.35
INO-8875
(Trabodenoson)
is
a
selective
adenosine-1
receptor
agonist, under development for the
treatment
of
arrhythmia
and
glaucoma. It is currently in phase II

Online international Journal of Medical and Social Sciences 2015, Vol.1, Issue 3
ISSN:2454-2385

96

Topical PG-324 (Roclatan) is a fixed
dose
combination
of
AR-13324
(Rhopressa;0.02%) and latanoprost
(0.005%).26
It
has
quadruple
mechanism of action to lower IOP and
only glaucoma product that covers the
full spectrum of currently known IOPlowering MOAs. Three mechanisms
are similar to AR-13324 and the
fourth mechanism is of latanoprost
i.e. lowering of IOP by increasing the
uveoscleral outflow. The side effect
reported was mild hyperemia. No
systemic side effect was noted.27It is
currently in Phase III clinical trial.28

patient non-compliance is not seen
with this drug.29This drug is presently
in
phase
II
clinical
trial
for
glaucoma.30
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28 days,it has shown to significantly
reduces IOP by three mechanisms in
eyes with ocular hypertension or
open-angle glaucoma in phase II
clinical trials. The study showed that
the lowering of IOP by AR-13324 was
non-inferior to latanoprost.22The most
common adverse event reported with
its use in phase II clinical trials is
hyperemia. The incidence of this
adverse effect decrease as the study
progressed. There was no systemic
side effect reported during a period of
28 days once daily topical eye
treatment
with
this
drug.22This
molecule is currently in Phase III
clinical trial for the treatment of
glaucoma.25
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NMDA
antagonist
provides
neuroprotection by blocking increase
in glutamate, excess of which is
responsible for excitotoxicity (cell
death) by facilitating calcium entry
into a cell. Memantine, an N-methylD-aspartate
subtype
glutamate
receptor antagonist is in the phase III
clinical trial for glaucoma.37 However,
two phase III trial for the safety and
efficacy of memantine failed to show
statistical significance for the primary
endpoints. 38
Some
other
NMDA
receptor
antagonists in clinical trials are:
Eliprodil: It is a non-competitive
NMDA
antagonist;
providing
protection from glutamate mediated
cytotoxicity to retinal ganglion cells. It
has been shown to be neuroprotective
in cultured neurons of brain and
retina from excitotoxic and ischemia
damage
at
doses
of
139
10mg/kg. Eliprodil is a racemic
compound and R-enantiomer of
Eliprodil rather than the S-enantiomer
is effective in preserving retinal
ganglion cells from injury and
therefore can be of major use in
glaucoma.40 Clinical trials of this drug
in humans have not been started yet.
Complementary and alternative
Medicine
Froskolin
Forskolin is a chemical found in the
roots
of
the
plant
Plectranthusbarbatus
(Coleus
forskohlii).41 Applied as 1% eyedrop it
has shown to decrease aqueous
outflow and hence, decrease IOP in

CONCLUSION
Glaucoma is a serious disease of eye
that can cause blindness if not treated
early. None of the currently available
medications
can
reverse/arrest
progression of the disease. Many
emerging therapies are directed at
reversing the disease progression but
still ideal medication for this is not yet
available. Further researches with
newer targets or newer drugs acting
on known targets are required to
achieve the goal of maximum benefit
at minimal risks.
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