
Research Paper

Current nanotechnology approaches for the treatment and management
of diabetic retinopathy

Joana F. Fangueiro a,b, Amélia M. Silva c,d, Maria L. Garcia e,f, Eliana B. Souto g,⇑
a CEBIMED, Research Centre for Biomedicine, FP-ENAS, Fernando Pessoa University, Porto, Portugal
b Faculty of Health Sciences, Fernando Pessoa University (UFP-FCS), Porto, Portugal
c Centre for Research and Technology of Agro-Environmental and Biological Sciences, CITAB, University of Trás-os-Montes e Alto Douro, UTAD, Vila Real, Portugal
d Department of Biology and Environment, University of Trás-os-Montes e Alto Douro, UTAD, Vila Real, Portugal
e Department of Physical Chemistry, Faculty of Pharmacy, University of Barcelona, Barcelona, Spain
f Institute of Nanoscience and Nanotechnology, University of Barcelona, Barcelona, Spain
g Department of Pharmaceutical Technology, Faculty of Pharmacy, University of Coimbra (FFUC), Pólo das Ciências da Saúde, Coimbra, Portugal

a r t i c l e i n f o

Article history:
Received 1 November 2014
Accepted in revised form 15 December 2014
Available online 20 December 2014

Keywords:
Diabetes mellitus
Diabetic retinopathy
Nanoparticles
Nanotechnology
Ocular drug delivery
Retinal neovascularization

a b s t r a c t

Diabetic retinopathy (DR) is a consequence of diabetes mellitus at the ocular level, leading to vision loss,
and contributing to the decrease of patient’s life quality. The biochemical and anatomic abnormalities
that occur in DR are discussed in this review to better understand and manage the development of
new therapeutic strategies. The use of new drug delivery systems based on nanoparticles (e.g. liposomes,
dendrimers, cationic nanoemulsions, lipid and polymeric nanoparticles) is discussed along with the cur-
rent traditional treatments, pointing out the advantages of the proposed nanomedicines to target this
ocular disease. Despite the multifactorial nature of DR, which is not entirely understood, some strategies
based on nanoparticles are being exploited for a more efficient drug delivery to the posterior segment of
the eye. On the other hand, the use of some nanoparticles also seems to contribute to the development of
DR symptoms (e.g. retinal neovascularization), which are also discussed in light of an efficient manage-
ment of this ocular chronic disease.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Diabetes mellitus is a chronic disease that affects billions of
people all over the world, and results from the body’s inability to
either produce or use insulin. This disease is mainly associated
with high levels of glucose in the blood, i.e. hyperglycemia. It can
be classified into two chronic forms, namely: (i) Type 1, which is
diagnosed earlier usually in children and youth and is character-
ized by the deficiency in the production of insulin. In this case,
there is a destruction of islet beta cells mostly attributed to
auto-immune etiology; (ii) Type 2, which has higher incidence
(�90–95% of the cases) and it is characterized by the reduced pro-
duction of insulin and/or by insulin resistance, affecting mainly
muscle, liver and adipose tissue, resulting in inappropriate levels
of circulating glucose. There is a third form of diabetes, the gesta-
tional diabetes, which is observed during pregnancy in a small
number of women caused by interference of placental hormones
interference with insulin receptor resulting in inappropriate ele-
vated glucose levels [1].

The inability of the body to use glucose resulting from the defi-
ciency of the hormone responsible for its use (i.e. insulin), leads to
constant hyperglycemia which results in many chronic effects,
such as macro- and microvascular complications associated with
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co-glycolic acid); PMMA, poly(methyl methacrylate); PVA, polyvinyl alcohol; PDR,
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heart disease, stroke and peripheral arterial diseases. The constant
hyperglycemia causes damage in the small blood vessels, which
affects the ocular, nervous and renal system. That is why it is of
utmost relevance to control diabetes and its consequences, to pre-
vent retinopathy, neuropathy and nephropathy complications [1].

Diabetic retinopathy (DR) is one of the major consequences of
diabetes and it is characterized by microvascular complications
having a significant impact on patient’s life quality, in particular,
in visual acuity, eventually leading to blindness [2]. Diabetic
patients, both Types 1 and 2, are regularly screened for retinopathy
with an initial dilated and comprehensive eye examination by an
ophthalmologist. Even patients with a very rigorous control of dia-
betes, are not free from developing DR [3].

In order to prevent and reverse diabetic side effects, such as ret-
inopathy, several strategies have been used to prevent the chronic
disease with modern and innovative systems based on nanoparti-
cles which are addressed in this review. Nanoparticles may be
applied for several clinical purposes. When applying this concept
in medicine, it is called nanomedicine. In drug delivery, nanoparti-
cles (1–1000 nm) are used for the treatment and/or prevention of
diseases, with the final goal to spam patient’s life-time. Regarding
these goals, nanoparticles offer numerous advantages, compared to
treatments with drugs alone or even with classic delivery systems.
The majority of the drugs show problems including (i) low solubil-
ity in solvents; (ii) high toxicity; (iii) need of high doses to exhibit
therapeutic effect; (iv) aggregation; (v) enzymatic and chemical
degradation and (vi) reduced half-time. Thus, the loading of drugs
into nanoparticles could overcome these limitations and addition-
ally provide (i) sustained delivery; (ii) targeted delivery to specific
cells or tissues; (iii) improved delivery of both water-insoluble
drugs and large biomolecule drugs, and (iv) reduced side effects
minimizing toxicological reactions [4,5].

This paper reviews the diabetes-induced mechanisms involved
in the course of DR, a knowledge that is fundamental in the design
of new therapeutic strategies. The contribution of nanomedicine to
treat and manage DR and its microvascular changes is also
discussed.

2. Diabetic retinopathy

2.1. Concepts

DR is potentially caused by sustained hyperglycemia and the
consequences occurring in the minor vascular retinal vessels [6].
DR is also characterized by the abnormal growth of new blood ves-
sels resulting from a hypoxic retina, in order to improve the supply
of oxygen [7].

According to the international classification system, DR is
divided into two broad categories, namely, the non-proliferative
DR (NPDR) and the proliferative DR (PDR) [8]. NPDR is further sub-
divided into mild, moderate, and severe. This classification system
considers the number and severity of anatomical abnormalities,
which include: (i) microaneurysms; (ii) hemorrhages; (iii) venous
beading, and (iv) intra-retinal microvascular abnormalities (IRMA),
when attributing to the eyes a particular level of severity [9]. The
international classification of DR is summarized in Table 1. An oph-
thalmologist could detect the DR by the analysis of these symp-
toms, in parallel with additional examinations, such as visual
acuity test, dilated eye examination and tonometry, which mea-
sures the intraocular pressure (IOP) [2].

Retina is the anatomical structure of the eye affected in the DR.
Physiologically it is the light-sensitive tissue located at the back of
the eye, it is characterized by a thin transparent structure com-
posed by several layers comprising the light-sensitive structures.
It is enriched in polyunsaturated fatty acids and is metabolically

very active having high glucose oxidation and oxygen uptake
[10]. The schematic structure of the human eye and the ocular
globe is shown in Fig. 1. The cells figuring in retina are divided into
three major groups, namely, (i) the neuronal component, which
includes photoreceptors, interneurons, and ganglion cells, respon-
sible for retinal visual function which converts light into electrical
signals; (ii) the glial components, Muller cells, astrocytes and res-
ident macrophages (microglia), which are responsible for retina
support (e.g., nutritional, regulatory); and (iii) the vascular compo-
nents, which consist of the central retinal artery, supplying the
inner and outer retina by diffusion from choroidal circulation.
The retinal vessels are responsible for the maintenance of blood–
retinal barrier (BRB) and are composed of endothelial cells with
tight junctions between them [7,11]. Pericytes or mural cells are
another type of contractible cells surrounding the capillaries endo-
thelial cells. The main function of these cells is the regulation of
retinal capillary perfusion and its loss is associated with DR. Diabe-
tes will affect both neuronal and vascular components of the retina
and will influence some cells and extracellular proteins [2,12].

2.2. Pathophysiology

The major symptom in diabetes is hyperglycemia, which causes
both acute and reversible changes in cellular metabolism and
long-term irreversible changes in stable macromolecules. The
metabolism of the cells starts to response to the hyperglycemic
environment even before disease pathology is detectable [6,13].

In an advanced stage, the ischemia is the major factor responsi-
ble for the growth of abnormal retinal blood vessels (neovascular-
ization) which grow in an attempt to supply oxygen to the hypoxic
retina [2]. In addition, the loss of some retinal cells is also detected
in DR patients [13]. In addition to hyperglycemia, there are other
factors that contribute to the development of DR, such as hyperlip-
idemia and hypertension [14–17]. Despite the acknowledgment
hyperglycemia consequences at the ocular level, the mechanisms
causing the vascular disruption in retinopathy are not well known,
and, not surprisingly, several pathways have been pointed out as
being implicated. However, it is crucial to understandthe mecha-
nism of capillary loss due to biochemical mechanisms to clarify
the disease pathogenesis. Thus, good glycemic control is a very
important strategy to inhibit/prevent the development of DR in
addition to early intervention to prevent the progression of reti-
nopathy in diabetes [2]. However, the challenging in maintaining
good glycemic levels for this chronic disease could be a hard task,
since other factors also contribute to the development of DR,
including pregnancy, age and hypertension [1]. In order to find a

Table 1
International clinical DR disease severity scale, adapted from [8].

Proposed disease
severity level

Dilated ophthalmoscopy findings

No apparent
retinopathy

No abnormalities

Mild non-
proliferative DR

Microaneurysms only

Moderate non-
proliferative DR

More than just microaneurysms, but less than severe
NPDR

Severe non-
proliferative DR

No signs of PDR, with any of the following:
– More than 20 intra-retinal hemorrhages in each of
four quadrants
– Definite venous beading in two or more quadrants
– Prominent intra-retinal microvascular anomalies in
one or more quadrants

PDR One or more of the following:
– Neovascularization
– Vitreous or pre-retinal hemorrhage
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