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Recent advances in thermogels for the
management of diabetic ocular complications
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Diabetic ocular complications continue to be the leading cause of vision impairment in the world, with a
considerable impact to healthcare and the global economy. While there are management strategies cur-
rently in place to delay the progression of diabetic ocular disease, risks associated with those strategies
still pose a major concern in the clinical field. Management strategies generally involve ocular drug
administration and surgical intervention. Some limitations with current ocular drug delivery systems
include poor bioavailability of drug formulations and complications arising from drug regimens that
require frequent intravitreal injections for drug administration. A vitrectomy is also a common surgical pro-
cedure to replace severely damaged vitreous caused by various diabetic ocular complications. However,
existing vitreous substitutes used for post-vitrectomy surgery have a certain degree of toxicity to ocular
tissues. Thermogels are well-suited materials for the treatment of diabetic ocular diseases as they could
mimic the properties of ocular tissues to maintain the viability of therapeutics, serve as drug delivery
depots and be tailored to be mechanically robust and non-toxic. Furthermore, the thermoresponsive
property of thermogels imparts in situ gelling properties to create injectable mediums for minimally inva-
sive disease management strategies. This review covers some of the latest developments in the field,
highlighting the advantages of thermogels as sustained drug delivery systems, biocompatible and non-
toxic vitreous substitutes, shape conformable implants and long-acting therapeutics over conventional
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1. Introduction

The global epidemic of diabetes is a growing health concern
that has been increasingly prevalent over the past few decades.
In 2021, approximately 537 million adults worldwide suffer
from diabetes with a prevalence of nearly 10.5% among adults
aged 20-79. In addition, these alarming statistics are expected
to increase to 783 million adults by 2045 with a prevalence of
about 12.2%." Diabetes Mellitus is a condition that occurs
when the pancreas is unable to produce sufficient insulin, or
the body is unable to utilise the insulin produced to break
down glucose. This results in hyperglycaemia where glucose
levels in the body are elevated and too high.> When left
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treatments used for the treatment of diabetic ocular diseases.

untreated, hyperglycaemia magnifies the risk of developing
severe macrovascular and microvascular complications to
various tissues and organs. Traditionally, macrovascular com-
plications include stroke, coronary heart disease, and peri-
pheral artery disease, whereas microvascular complications
include diabetic kidney disease, peripheral neuropathy, and
retinopathy. Emerging evidence has now discovered other com-
plications, such as liver disease, functional and cognitive dis-
ability, infections, affective disorders, and sleep disturbances,
which were previously not acknowledged to be associated with
diabetes.® Besides adversely impacting the patient’s quality of
life, these degenerative complications have incurred a huge
health burden on the economy that was worth USD 966 billion
in 2021."

Ocular diseases are one of the more frequently incurred
comorbidities of diabetes. Hyperglycaemia could induce pro-
found damage to ocular tissues even during the initial stages
of the disease.? Diabetic retinopathy (DR) is one of the most
common manifestations of ocular disease due to diabetes and
it is the leading cause of vision loss among adults from
Western countries.” Other ocular complications of diabetes
that could develop and result in vision loss include diabetic
macular oedema (DMO), dry eye disease (DED), neurotrophic
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keratopathy, cataracts, neovascular glaucoma, and vitreous
degeneration or detachment.’ Despite progress in the medical
field, there is currently no cure for hyperglycaemia and its
associated ocular complications, only clinical measures to
prevent the complications from deteriorating further.
Management of blood glucose and blood pressure remains to
be the key to reducing the chances of developing most diabetic
ocular complications. Regular eye screening has facilitated
early diagnosis such that patients receive timely treatment and
remain responsive to current treatments.® Current pharmaco-
logical approaches for hindering the progression of diabetic
ocular diseases are mostly steered towards preventing sorbitol
accumulation, reducing ocular vascular proliferation, and sup-
pressing adverse inflammatory responses in the eye.”® This
would usually be achieved by delivering various therapeutics
into specific segments of the eye. Some diabetic ocular dis-
orders such as DED may be addressed by designing biocompa-
tible implants in the form of specialised contact lenses or
occlusion plugs to reduce tear loss if the patient does not show
improvements with the use of artificial tears or therapeutics
used for the management of the disease.’

Current routes of therapeutics delivery to ocular tissues
vary in their degree of invasiveness for the treatment of ocular
diseases. Therapeutics delivery could range from convention-
al eye drops to direct injection of therapeutics or via intra-
vitreal ocular implants for prolonged release in the eye.'°
These traditional routes of delivery have their specific limit-
ations. For instance, therapeutics loaded in eye drops, like
anti-glaucoma drugs used for lowering intraocular pressure
(IOP), tend to have poor bioavailability due to blink reflex,
rapid tear turnover, and poor corneal penetration.'!
Therapeutics delivered via intravitreal injections may some-
times cause the development of sight-threatening compli-
cations such as endophthalmitis and rhegmatogenous
retinal detachment due to poor aseptic and injection tech-
niques.'” The risk would be further escalated for drugs with
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short half-lives in the vitreous humour, requiring frequent
intravitreal administrations to maintain the therapeutic
effect of the drugs. While intravitreal implants are clinically
available to help extend the release of drugs with short half-
lives, they are mostly non-biodegradable and would pose
similar problems as the need for surgical intervention for
its removal exposes patients to possible post-surgical compli-
cations.” Due to these challenges in effective ocular thera-
peutic delivery, there is a dire need for novel strategies to
advance treatments for diabetic ocular diseases.

In recent years, the use of hydrogels has been identified as
an attractive and promising approach for the management of
diabetic ocular disease.’* Among the characteristics of hydro-
gels that make them versatile are their biocompatibility,
mechanical properties that are similar to biological tissues,
their micro- and macro-structural integrity, and their ability to
determine the local chemical environment. These properties
arise from its chemically tailorable three-dimensional net-
works composed of chemically -crosslinked hydrophilic
polymer chains that retain large amounts of water while main-
taining its structure.’®'® However, applications of such co-
valently crosslinked hydrogels have been limited as they
require invasive medical procedures and suffer from poor site
conformability.”” As a result, injectability has become an
increasingly important criterion as a minimally invasive
administration method. This has steered research efforts
towards the preparation of hydrogels using non-covalent supra-
molecular interactions. Examples of these interactions include
hydrogen bonding, hydrophobic interactions, ionic inter-
actions, and host-guest bonding.'”'® These supramolecular
interactions are reversible and allow the hydrogel’s matrix to
be formed and deconstructed under appropriate conditions,
for example at certain pH or temperatures.'® Additionally, the
reversibility enables temporary disruption of the hydrogel’s
matrix, such as during high shear conditions when passing
through a needle, before being reformed thereafter.™
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Fig. 1 Schematic of (A) sol-to-gel transition upon heating, (B) micelle formation and gelation, and (C) drug release and disentanglement of

micelles.

2. Thermogels for diabetic ocular
complications

2.1. Properties of thermogels

Thermogels are a subclass of supramolecular hydrogels that
exist as free-flowing solutions and undergo sol-to-gel transition
at elevated temperatures (Fig. 1A). The automatic transition is
driven by hydrophobic interactions forming reversible physical
crosslinks, and this unique property is particularly useful as
no potentially toxic reagents or crosslinkers are required for
gelation.”®*' Thermogels that are capable of gelation at near
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physiological temperature are generally desirable for ocular
applications as they could be injected as a solution and
promptly form a gel in situ.

An important aspect of obtaining thermogels lies in a
phenomenon known as the lower critical solution temperature
(LCST). Polymers exhibiting LCST contain both hydrophilic and
hydrophobic domains and are fully miscible in water below a
certain temperature. Above that temperature, the polymer
becomes poorly solvated by water molecules around the hydro-
phobic domains, causing it to undergo a coil-to-globule transition
that results in phase separation.>” It should be noted that this
does not mean that the polymer becomes completely hydro-
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Table 1 Examples of polymers used in thermogels for ophthalmic applications

Polymer Structure

Property

Poly(propylene glycol)

HO\(\)\O?;‘

Poly(N-isopropylacrylamide)

Thermoresponsive (LCST: 15-42 °C)*’

Thermoresponsive (LCST: 32 °C)*®

A
Poly(2-oxazoline) T Thermoresponsive (LCST: 24-97 °C)*°

R0
Poly(ethylene glycol) oo, Hydrophilic
Hyaluronic acid \{ & &l’ Hydrophilic

o O HO 0

OH o =<NH i

Gelatin 0055 °N,\'rn i y OH Hydrophilic

SVShees 7{; :

"o NH o oo H/\gi

e %
Poly(caprolactone) 40\/\/\)?9_ Hydrophobic
Poly(hydroxybutyrate 89 Hydrophobic
y(hydroxybutyrate) fonty ydrop

Poly(lactic-co-glycolic acid) P‘Lro Hr(\ Jr Hydrophobic

phobic above the LCST, as the hydrophilic domains remain so
even above the LCST.*® These thermoresponsive polymers are
crucial in enabling the preparation of thermogels. Covalently
coupling LCST polymers with other water-soluble polymers
results in amphiphilic block copolymers that can self-assemble
into micelles at elevated temperatures. Poly(N-isopropyl-
acrylamide) (PNIPAAm) is perhaps the most studied thermo-
responsive polymer for biomedical applications due to its LCST
of 32 °C which is close to physiological temperatures.***> Other
copolymers exhibiting LCST in aqueous solution such as poly
(ethylene glycol) (PEG), poly(propylene glycol) (PPG),>® and the
Poloxamers or Pluronic family of thermoresponsive triblock copo-
lymers (Table 1) are commonly used to prepare thermogels.””
Thermogelation can occur via micellar aggregation into an

ordered three-dimensional network that entraps water
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(Fig. 1B), with several models proposed. The Pluronic family is
an example of ABA triblock copolymers, where A represents
the hydrophilic blocks and B represents the thermoresponsive
LCST blocks, that form the gel network via spherical micelle
packing into a cubic lattice.>®*° In BAB triblock copolymers,
the micelles are proposed to entangle via loops and
bridges.***' Recent small-angle neutron scattering (SANS)
measurements of several BAB block copolymers with varying A
and B block lengths showed that these entanglements are
highly dependent on the polymer nanostructure interactions
and morphology of the micelles.*” For diblock (AB) micelles
having a hydrophilic corona with non-obvious aggregation
points, crew-cut or semi-bald micelle models have been put
forth.**> More recently, thermogelling polyurethane multi-
block copolymers composed of randomly distributed hydro-
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philic and hydrophobic blocks have been developed. They were
proposed to form networks via the associated micelle model
involving “hairy micelles” that associate with each other
through the random hydrophobic blocks on the “hairs”.>*3°
The rational design of new thermogelling copolymers can be
guided through careful consideration of the gelation mecha-
nism which is influenced by the copolymer architecture and
the interactions of its nanostructures.>*>’

The minimum concentration of polymer in solution before
a gel can be obtained is known as the critical gelation concen-
tration (CGC), which can be determined via vial-inversion
tests, rheological measurements,*® or dynamic light-scatter-
ing.>® Generally, a polymer having a higher molecular weight
with the same composition tends to exhibit lower CGC
because of greater entanglements between micelles.”® Low
CGC thermogels are beneficial for their higher water content
which improves their biocompatibility.*! However, one potential
consequence of high molecular weight polymers is that they
cannot be easily removed from the body. Thermogels targeting
the treatment of ocular diseases are typically deposited near the
eye, for example inside the vitreous body or in the anterior or pos-
terior chambers. The anterior and posterior chambers are under
constant flow of the aqueous humour that drains via the trabecu-
lar pathway involving the trabecular meshwork and Schlemm’s
canal.*? In the case of the vitreous, aqueous flow into the pos-
terior chamber or across retinal pigment epithelium occurs
through diffusion or advection.*** Due to bulk or surface
erosion of thermogels,* the eroded polymer micelles can be
carried out of the eye via these pathways, eventually ending up in
the bloodstream and subsequently removed by the kidneys via
renal glomerular filtration. The filtration can be impeded or even
blocked if the molecular weight of the polymers is too high. For
example, poly(ethylene glycol) with molecular weights greater
than 10 kDa have significantly reduced rates of renal excretion.*®
To address this issue, biodegradable polymer blocks such as poly
(caprolactone) or poly(lactic acid-co-glycolic acid) containing
hydrolysable ester groups can be inserted into polymer chains to
enable their degradation into shorter chains and facilitate their
removal from the body."”*°

The composition of the polymer chain is also an important
parameter affecting the CGC of thermogels. This includes the
ratio of hydrophobic to hydrophilic blocks in the polymer, as
well as the lengths and molecular weight distributions of the
blocks.>*>! Having a greater composition of hydrophobic
macromonomers, such as PPG or poly(lactic-co-glycolic acid)
(PLGA), lowers the LCST due to increased hydrophobic
interactions.*””** This initiates micelle self-assembly and sub-
sequent thermogelation at lower temperatures, resulting in
lower CGC. Conversely, a greater composition of hydrophilic
macromonomers, like PEG, would increase the CGC. Several
examples of hydrophobic and hydrophilic polymers, as well as
thermoresponsive polymers with LCST that are used in ther-
mogels for ophthalmic applications are shown in Table 1. The
polymer’s topology has also been found to affect the CGC. Lin
et al. prepared thermogelling hyperbranched polyurethanes
with different degrees of branching.>*">* They found that the

208 | RSC Appl. Polym., 2023,1, 204-228

View Article Online

RSC Applied Polymers

CGC increases with branching, likely due to reduced polymer
entanglements from a more globular geometry.>* Micellization
is an entropically driven process from the dehydration of
hydrophobic blocks. An increase in branching resulted in less
positive entropic values (AS),>*° leading to an overall increase
in the Gibbs free energy (AG) and thus indicated a less exergo-
nic and spontaneous process. Since the gelation temperature
and CGC of thermogels are closely intertwined, the gelation
temperature can be tuned via careful formulation based on the
parameters mentioned above,'?2%:32:6

2.2. Applications of thermogels for diabetic ocular disease
management

Current research work on thermogels for ocular applications
demonstrates the ability of thermogels to be utilized as drug
depots for sustained drug delivery, vitreous substitutes, shape-
conformable implants such as punctal plugs, and long-acting
therapeutics (Fig. 2).

When thermogels are injected into the body, they could
function as depots that store therapeutics such as drugs or
peptides within its three-dimensional matrix. The solubil-
ization of hydrophobic drugs is particularly facilitated by the
hydrophobic blocks of the constituent polymers in the thermogel.
Owing to the porous matrix at the molecular scale, encapsulated
therapeutics can be released via diffusion and erosion of the
matrix by gradual disentanglement of the micelles (Fig. 1C).
Correspondingly, controlled, sustained, and also localized thera-
peutic release from the thermogel depot can be achieved for the
treatment of diabetic ocular diseases, which is advantageous to
conventional methods of drug delivery requiring high dosages
and more frequent administration.®* The thermogel’s cross-
linking density can influence the porosity of the matrix as well as
the strength of micellar interactions, which in turn dictates the
duration of therapeutic release. Secondary crosslinking sites
which are triggered by the addition of secondary crosslinking
agents, metal ions, dynamic covalent bonds, or host-guest inter-
actions can be introduced into the thermogel to increase the
crosslinking density.®*** A secondary benefit of a thermogel
depot with slower drug release kinetics is that it extends the
effective duration of drugs with a short half-life. For example, the
sustained release of the diabetic drug, liraglutide, with a half-life
in the order of hours was able to be maintained over several days
in vitro.”® Another factor that influences the release of thera-
peutics is the presence of non-covalent interactions between the
drug and the thermogel. For instance, electrostatic interactions
have been shown to influence the release rate of ionic drugs from
thermogels with charged polymer backbones.®® Therefore, the
rate of therapeutic release from thermogels can be tuned through
rational design.

Besides the favorable drug release capabilities of thermogels
for ocular applications, the high water content in thermogels
makes them excellent vitreous substitutes or tamponading
materials with similar densities and refractive indices.®” The
transparency and stiffness of the gel are important parameters to
consider for ocular applications, and a clear and transparent vitr-
eous substitute ensures good optical clarity immediately post-

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Ocular applications of injectable thermogels.

surgery.®® While the polymer molecular weight and composition
can be altered to tune the CGC and gelation temperatures, they
have also been found to influence the gel’s opacity.***® Moreover,
a vitreous tamponade is recommended to have a minimum
storage modulus of 100 Pa to withstand the regular fast motion of
the eye.”” Therefore, a balance between the gel storage modulus
and its opacity is required to ensure the thermogel’s suitability as
a vitreous tamponade. Furthermore, since thermogels could be
tailored to match the mechanical properties of ocular tissues, the
in situ thermogelling properties could also be utilized to produce
shape-conformable ocular implants.

In the following sections, this review would highlight the
development of thermogels over the past few decades for the
management of various diabetic ocular complications. The lit-
erature examples are summarized in Table 2.

3. Types of diabetic ocular
complications

3.1. Diabetic retinopathy, macular oedema and neovascular
glaucoma

DR is one of the most common microvascular complications
of diabetes mellitus and is a major cause of blindness among

© 2023 The Author(s). Published by the Royal Society of Chemistry

Macula

Retina

Choroid
Sclera

9697 DR is characterized

the global adult working population.
as a microvascular neurodegenerative disease where persistent
high blood sugar impairs neurovascular cells of the retina
causing various neurovascular complications. DR can be
divided into two categories: non-proliferative diabetic retino-
pathy (NPDR) and proliferative diabetic retinopathy (PDR).
NPDR occurs when hyperglycemia disrupts the production and
regulation of neuroprotective factors causing retinal neuro-
degeneration, early microvascular impairment, and neuro-
vascular unit impairment. These lead to thickening of the
retinal basement membrane, disruption of endothelial tight
junctions and retinal pericyte loss, causing blood-retinal
barrier dysfunction which results in vascular leakage. As NPDR
progresses, chronic and higher severity vascular damage leads
to regions of ischemia in the retina due to capillary non-
perfusion, causing capillary occlusion and degeneration. PDR
occurs when proangiogenic growth factors are produced in
response to chronic or worsening ischemia to cause retinal
neovascularization.”®”® The new blood vessels formed via
retinal neovascularization are structurally weak and tend to
grow into the vitreous body. A non-clearing vitreous hemor-
rhage or the development of tractional retinal detachment
from extensive vitreous scarring would lead to severe loss of
vision.”® "% A posterior pars planar vitrectomy would be
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Table 2 Literature examples of thermogels for the management of various diabetic ocular complications

Drug delivery systems

Polymer

Application

Payload

Administration
route

Delivery performance

Ref.

PEG-PPG-PCL (EPC)

PEG-PPG-PTHF (EPT)

PEG-serinol hexamethylene
urethane (ESHU)

PEOz-PCL-PEOz (ECE)

PLGA-PEG-PLGA (PPP)

PLGA/PNIPAAmM-PEG

PLGA/PEG-PLLA DA

PLGA/PNIPAAmM-PEG

LDH/PLGA-PEG-PLGA

Chitosan/gelatin/
B-glycerophosphate

Hexanoyl glycol chitosan
(HGC)

Diabetic
retinopathy

Intraocular
drug delivery
depot
Diabetic
retinopathy

Diabetic
retinopathy

Diabetic
retinopathy

Diabetic
retinopathy

Diabetic
retinopathy

Neovascular
glaucoma

Neovascular
glaucoma

Neovascular
glaucoma

Neovascular
glaucoma
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Bevacizumab,
Aflibercept

BSA

Bevacizumab

Bevacizumab

Bevacizumab

Ranibizumab,
Aflibercept

Aflibercept

Brimonidine

Brimonidine

Latanoprost

Brimonidine

Intravitreal

Intravitreal

Intravitreal

Intravitreal

Intravitreal

Intravitreal

Intravitreal

Topical (eye
drops)

Topical (eye
drops)

Subconjunctival
injection

Topical (eye
drops)

Sustained release of bevacizumab and
aflibercept for 40 days in vitro.
Released anti-VEGFs show functional
bioactivity; inhibited HUVEC cell
proliferation in vitro, inhibited
angiogenesis in rat ex vivo choroidal
explants and inhibited VEGF-driven
neovascularization in rabbit model
Released 50% of BSA over 28 days

in vitro.

Bevacizumab released from ESHU over
16 weeks with minimal burst release
in vitro. However, burst release of
bevacizumab was observed in vivo,
bevacizumab was released from ESHU
for up to 9 days. ESHU could deliver
and maintain a concentration of
bevacizumab in the vitreous that is 4.7
times higher than delivery through
bolus injection.

Diffusion-controlled release of
bevacizumab for 11 days, erosion- and
diffusion-controlled release thereafter
up to 20 days in vitro.

PPP sustained the release of
bevacizumab for 14 days in vitro with
10-13% burst release within the first
8 hours and marginal release
thereafter. Avastin®-loaded PPP
extended the presence of the protein in
the vitreous humour and retina for 4
weeks.

Ranibizumab or aflibercept could be
loaded and released from the
thermogel for at least 6 months

in vitro. Anti-VEGF agent loaded
thermogel could deliver bioactive
payload for at least 12 weeks.
Sustained the release of aflibercept for
at least 6 months in vitro. Aflibercept-
loaded thermogel could deliver a
bioactive payload for at least 6 months.
Sustained the release of brimonidine
and reduced the IOP of rabbit eyes for
at least 28 days.

Sustained the delivery of brimonidine
for up to 144 hours in vitro with 75%
burst release within first 10 hours and
subsequent 15% slow sustained
release. Therapeutic levels of
brimonidine could be maintained via
delivery through the thermogel system
in rabbit’s cornea for up to 168 hours.
Sustained the release of 67.72 + 4.25%
latanoprost over 28 days. In vivo studies
carried out on glaucomatous rabbit
eyes showed latanoprost-loaded
thermogel could reduce intraocular
pressure to normal levels within 8 days.
Instillation of brimonidine-loaded
HGC lowered IOP of rabbit eyes from
baseline levels for 14 hours, which is
2-fold longer than conventional anti-
glaucoma eye drop formulation
Alphagan P.
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RSC Applied Polymers Review
Table 2 (Contd.)
Drug delivery systems
Administration
Polymer Application Payload route Delivery performance Ref.
Poly(NIPAAm-co-NAS-co- Diabetic Dexamethasone Intravitreal Sustained release of native 85
mDEX)-PEG-poly(NIPAAm-co- retinopathy dexamethasone for over 430 days
NAS-co-mDEX)-cysteamine in vitro. Software to simulate in vivo
(PNADEX-CA) release showed prolonged release of
dexamethasone while maintaining
therapeutic concentration in the
vitreous for at least 500 days.
Chitosan-gelatin Cataracts Levofloxacin Topical (eye Sustained release for over 7 days 86
drops) in vitro.
MSN/PLGA-PEG-PLGA Cataracts Prednisolone acetate ~ Subconjunctival Prolonged release of PA and short-term 87
Levofloxacin injection release of levofloxacin within 28 days
in vitro.
PLGA/PLCL-PEG-PLCL Cataracts Levobunolol — Short-term slow release of moxifloxacin 88
Dexamethasone, for up to 15 days and even slower
Moxifloxacin prolonged release of dexamethasone
and levobunolol for more than a
month in vitro.
mPEG-PLA NLC/pluronics Cataracts Dexamethasone, — Within 10 days, moxifloxacin was 89
(26% F127/1.5% F68) Moxifloxacin, completely released in vitro.
Genistein Dexamethasone experienced a burst
release profile in the first week,
followed by a sustained release for 30
days. Genistein gradually released at a
decreasing rate till day 40. Inhibited
proliferation, migration and epithelial-
mesenchymal transition of lens
epithelial cells (SRA 01/04) in a dose-
dependent manner.
Gelatin-PNIPAAm-helix Dry eye disease  Epigallocatechin Topical (eye Sustained release of EGCG for over 14 90
pomatia agglutinin gallate (EGCG) drops) days in vitro.
MPOSS-PEG-PPG Dry eye disease  FK506 Topical (eye Prolonged release of FK506 for over 20 91
drops) days.
Chitosan/poloxamer (C/P407) Dry eye disease  Insulin Topical (eye Slow release of insulin over 15 days. 92
drops)
Tamponade material/ocular implant
Polymer Application Performance Ref.
PEG-PPG-PCL (EPC) Endotamponade EPC maintained in the vitreous for at least 1 year. Induced vitreous regeneration 93
and inhibited retinal scarring post-vitrectomy
PEG-PPG-PCL-Glycerol Endotamponade EPCG supported the eye as a vitreous tamponade in rabbit eye models and 53
(EPCG) naturally biodegraded and cleared out of vitreous after 4 months.
PHBHX-PEG-PPG (PHXEP)  Endotamponade PHXEP supported retinal structure as an endotamponade in rabbit eyes over 180 69

days, maintaining normal IOP.

Hydroxybutyl chitosan Punctal plug (dry eye

(HBCQ) disease)
Sulfated HA-PNIPAAm Long-acting therapeutic
implant

HBC punctal plugs reduced tears flow flux by 76.9% and the plug persisted for 94
over 4 weeks post-implantation.

In vivo studies using rabbit dry eye models with a one-time topical application of 95
the thermogel demonstrated ~99% repair of corneal epithelial defects, prevention

of cellular apoptosis with ~68.3% cells recovered, and suppression of ocular
surface inflammation by 4 folds within 7 days.

required to remove a portion of the vitreous body and replace
the resected vitreous with a vitreous tamponade. DMO may
also occur at any level of DR when the extravasation of fluids
due to vascular damage occurs at the macular region to cause
swelling and blurry vision.’®°® Neovascular glaucoma may also
develop in patients with long-term PDR due to chronic retinal
ischemia causing angiogenic factors to diffuse to the anterior
segment of the eye. This diffusion could also sometimes be
induced for diabetic patients receiving a vitrectomy or lensect-

omy as well,'°%1°
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Treatments are available to manage various complications
that arise from DR. Panretinal laser photocoagulation (PRP) is
the standard technique used for 