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Pathologies affecting the optic nerve and the retina are one of the major causes of blindness. These diseases in-
clude age-related macular degeneration (AMD), diabetic retinopathy (DR) and glaucoma, among others. Also,
there are genetic disorders that affect the retina causing visual impairment. The prevalence of neurodegenerative
diseases of the posterior segment is increased as most of them are related with the elderly. Even with the access
to different treatments, there are some challenges in managing patients suffering retinal diseases. One of them is
the need for frequent interventions. Also, an unpredictable response to therapy has suggested that different path-
ways may be playing a role in the development of these diseases. The management of these pathologies requires
the development of controlled drug delivery systems able to slow the progression of the disease without the need
of frequent invasive interventions, typically related with endophthalmitis, retinal detachment, ocular hyperten-
sion, cataract, inflammation, and floaters, among other. Biodegradable microspheres are able to encapsulate low
molecular weight substances and large molecules such as biotechnological products. Over the last years, a large
variety of active substances has been encapsulated in microspheres with the intention of providing neuroprotec-
tion of the optic nerve and the retina.
The purpose of the present review is to describe the use of microspheres in chronic neurodegenerative diseases af-
fecting the retina and the optic nerve. The advantage of microencapsulation of low molecular weight drugs as well as
therapeutic peptides and proteins to be used as neuroprotective strategy is discussed. Also, a new use of the micro-
spheres in the development of animal models of neurodegeneration of the posterior segment is described.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Pathologies affecting the optic nerve and retina are one of the major
causes of blindness. These diseases include age-related macular degen-
eration (AMD), diabetic retinopathy (DR) and glaucoma, among others
[1-3]. The prevalence of neurodegenerative diseases of the posterior
segment has increased as most of them are related with the elderly
|4]. Also, there are genetic disorders that affect the retina causing visual
impairment such as retinitis pigmentosa, Leber's congenital amaurosis,
Startgaard disease and choroideremia, among others.

There are several clinical issues related to the management of neuro-
degenerative diseases affecting the retina or surrounding tissues. This is
the case of neovascular age related macular degeneration and prolifera-
tive retinopathy patients affected that need frequent intravitreal injec-
tions of anti-VEGF agents. Also, it is important to notice the poor
compliance in the treatment with antihypertensive drugs in glaucoma
patients with high intraocular pressure (IOP) values. Neurodegenera-
tion is other important issue as it is present in glaucoma patients with
high IOP values with no response to hypotensive therapy and in normo-
tensive subjects.

Delivery of active substances in therapeutic concentrations to the
targeted intraocular tissues is restricted by the effective static (corneal
layers, sclera, retina, blood aqueous and blood retinal barriers) and

1 12

1 CORNEA
2 AQUEOUS HUMOR
3 LENS

4 CILIARY BODY

5 SCLERA

6 CHOROID

7 RETINA

8 VITREOUS

9 MACULA

10 OPTIC NERVE

11 ANTERIOR SEGMENT
12 POSTERIOR SEGMENT

dynamic barriers (tear dilution, conjunctival and choroidal blood flow,
and lymphatic clearance) as well as efflux pumps that are present in
the eye [5] (Fig. 1). Instilled drugs have poor bioavailability in the intra-
ocular tissues [6]. For this reason, the ophthalmic topical administration
is restricted to the treatment of pathologies involving the ocular surface
or whether the pharmacological target is located in the anterior seg-
ment of the eye. Intraocular and periocular injections are used to release
therapeutic molecules inside the eye. In the case of intravitreal injec-
tions the drug is injected close to the retinal tissues, which leads to
the highest bioavailability in the posterior segment tissues compared
with the other local routes of administration. Although periocular injec-
tions are less invasive, the therapeutic molecule has to reach the poste-
rior segment by diffusion through different tissues.

Intravitreal injections are regularly used in the clinical practice for
the treatment of posterior segment diseases. However, even with the
available access to different ocular therapies, there are some challenges
in the management of patients suffering retinal diseases. One of them is
the need of frequent interventions. Also, an unpredictable response to
therapy has suggested that different pathways may be playing a role
in the development of these diseases. This might the reason why mono-
therapy is not enough to slow the progression of the degeneration [7].

One of the most challenging areas in ophthalmology therapy is ded-
icated to decrease the number of interventions. Under the technological
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Fig. 1. Eye and retina elementary structure.
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