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Abstract  
Retinal dysfunction is the most common cause of vision loss in several retinal disorders. It has been 
estimated a great increase in these pathologies that are becoming more globally widespread and 
numerous over time, also supported by the life expectancy increment. Among different types of 
retinopathies, we can account some that share causes, symptoms, and treatment including diabetic 
retinopathy, age-related macular degeneration, glaucoma, and retinitis pigmentosa. Molecular 
changes, environmental factors, and genetic predisposition might be some of the main causes that 
drive retinal tissue to chronic inflammation and neurodegeneration in these retinopathies. The 
treatments available on the market contain compounds that efficiently ameliorate some of the 
important clinical features of these pathologies like stabilization of the intraocular pressure, reduction 
of eye inflammation, control of eye oxidative stress which are considered the major molecular 
mechanisms related to retinal dysfunction. Indeed, the most commonly used drugs are anti-
inflammatories, such as corticosteroids, antioxidant, hypotonic molecules and natural neuroprotective 
compounds. Unfortunately, these drugs, which are fundamental to treating disease symptoms, are not 
capable to cure the pathologies and so they are not life-changing for patients. This review provided 
an overview of current treatments on the market, but more interestingly, wants to be a quick window 
on the new treatments that are now in clinical trials. Additionally, it has been here highlighted that 
the recent technical enhancement of the investigation methods to identify the various retinopathies 
causes might be used as a sort of “precise medicine” approach to tailor the identification of molecular 
pathways involved and potentially study a dedicated treatment for each patient. This approach 
includes the use of cutting-edge technologies like gene therapy and metabolomics.
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Introduction 
Retinal dysfunction is the result of a complex retinopathy in which a 
progressive death of retinal cellular layers leads to tissue malfunction and 
ultimately to vision loss. These are common features of several ocular 
pathologies with a consequence of multifactorial molecular changes that are 
triggered by a wide variety of factors ranging from genetic to environmental 
(Kaur and Singh, 2022).

The World Health Organization estimates that at least 2.2 billion people 
suffer from visual impairment or blindness. As part of the central nervous 
system, degenerative diseases affecting the retina are considered 
forms of neurodegeneration. The visual impairment, resulting from this 
neurodegeneration, exhibits different accompanying phenotypes that result 
in the differential diagnosis of retinal dysfunction. The most prominent 
pathologies include age-related macular degeneration (AMD), glaucoma, 
diabetic retinopathy (DR) and to a lesser extent, retinitis pigmentosa. 
Although the primary etiological factors in each of these well-known ocular 
pathologies are heterogeneous, several molecular mechanisms are shared 
among them, suggesting a common path to retinal dysfunction that is 
independent of etiological triggers (Micera et al., 2021). Thus, it is possible 
that developing one pathology rather than another could be basically due 
to individual differences in susceptibility, such as those arising from genetic 
predisposition (i.e., retinitis pigmentosa) or environmental exposures (i.e., 
AMD) (Shughoury et al., 2022).

Molecular modifications shared by all the prominent ocular pathologies 
include increased oxidative stress, glutamate excitotoxicity, and metabolic 
changes. This suggests that targeting these molecular modifications could 
produce a broad-spectrum therapeutic for retinal dysfunction across ocular 
disorders (Marchesi et al., 2021; Kaur and Singh, 2022).

Search Strategy 
Studies cited in this review published from 2008 to 2022 were searched on 

the PMC - NCBI - National Center for Biotechnology Information database 
using the following keywords: retinal degeneration, eye pathologies, retinal 
glutamate, excitotoxicity, current therapies for eye pathologies, future 
approaches for eye pathologies.

Current Pharmacological Treatments on the 
Market
To date, the research for new ophthalmic treatments is a growing business 
to incentivize the development of effective retinal disease modifiers. As with 
pharmacological interventions for nearly all types of pathology, ophthalmic 
pharmaceuticals target reduced progression by contrasting the symptoms of 
the disease rather than targeting the retinal dysfunction directly. For example, 
current treatments for glaucoma, such as prostaglandin analogs, β-adrenergic 
blocking agents, α-2 adrenergic agonists, and carbonic anhydrase inhibitors, 
target lowering of intraocular pressure by increasing drainage of aqueous 
humor through the uveo-scleral pathway. Elevated intraocular pressure is a 
risk factor for glaucoma, and likely a trigger for retinal dysfunction in these 
patients (Ruan et al., 2020).

Despite the focus on risk factors and disease-specific etiology, there are 
several pharmaceutical agents currently on the market that could act as a 
broad-spectrum neuroprotectant that target shared mechanisms of retinal 
dysfunction, including oxidative stress, inflammation, and cellular triggers of 
progressive cell loss for different retinal diseases (Wang et al., 2021; Pani et 
al., 2022).

Oxidative stress therapeutics
Oxidative stress is described as the results of several cellular events that 
are activated by the intracellular formation of reactive oxidative species. It 
is known that reactive oxidative species can play a dual role- beneficial and 
harmful in biological systems, especially depending on the reactive oxidative 
species concentration, their type, and localization in the cell.
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The eyes, because their direct contact to exogenous factors recognized 
as contributing factors to oxidative damage, like non-ionizing and ionizing 
radiation (ultraviolet, X-ray, γ-rays, and α particles), high pressure of molecular 
oxygen, pollutants (industrial smoke, driving fumes, and other oxidizing 
chemicals), irritants (temperature, wind), and pathogenic microbes, are highly 
exposed to risk factors for the shift of the redox balance with the involvement 
of DNA damages, failure of signaling and gene expression and activation of 
different apoptotic signaling pathways. Therefore, oxidative stress contributes 
to a harmful pathological development (Wang et al., 2022).

Few compounds have been seen as efficient to limit oxidative stress 
damage. Docosahexaenoic acid is an antioxidant compound that maintains 
mitochondrial membrane integrity and selectively reduces photoreceptor 
apoptosis after oxidative damage (Lafuente et al., 2021). A study showed 
different potentially positive effects of citicoline (Hassanzadeh et al., 2022), 
vitamin B3, and CAVAQ10® (Coenzyme Q10) on neurons exposed to oxidative 
stress. These compounds together could limit neuronal cell damage or neural 
loss (Mastropasqua et al., 2022).

Ginkgo biloba has powerful antioxidant properties that have been shown 
to help with a variety of degenerative processes, including retinal diseases 
associated with neurodegeneration, and its neuroprotective effects are shown 
both in vitro and in vivo (Martínez-Solís et al., 2019).

Several compounds currently available on the market can simultaneously 
influence more than one shared mechanism of retinal dysfunction. Lutein 
is an anti-oxidation compound that affects the pathological pathways of 
inflammatory cytokines like interleukin-6 and angiotensin II signaling and 
prevents progressive neurodegeneration (Ahn and Kim, 2021). Similarly, 
valproic acid reduces neuroinflammation by inhibiting the action of histone 
deacetylases, which leads to transcriptional activation of anti-apoptotic and 
neuronal survival pathways in the retina (Tribble et al., 2022). Saffron also has 
both antioxidant and anti-inflammatory properties, suggesting that it could 
be used to treat eye diseases; moreover, its antioxidant activity may be useful 
in alleviating retinal dysfunction symptoms and slowing disease progression 
(Fernández-Albarral et al., 2020).

Inflammation therapeutics
The eyes are considered an immune-privileged site being relatively a closed 
anatomic system and having the privilege of the protection of the blood-
retinal barrier. Blood-retinal barrier is both an inner barrier formed by a strong 
network of retinal vascular endothelial cells and an outer barrier formed by 
the retinal pigment epithelium cells. 

However, any process which significantly disrupts retinal architecture can 
exert a profound impact on vision. The immune response can be controlled, 
so has an adaptive response to restore homeostasis, or can be altered as the 
response to secondary factors like aging, metabolic abnormalities, altered 
vascular perfusion, or degenerative genetic conditions may initiate various 
inflammatory cascades (Whitcup et al., 2013). 

Inflammatory pathways impact vascular functions and result in progressive 
retinal neurodegeneration. Retinal dysfunction is likewise associated 
with changes in vascular integrity and function that can both arise from 
inflammation and promote inflammation. Intravitreal anti-vascular endothelial 
growth factor agents are the primary treatment for wet AMD and DR, where 
edema and neovascularization are common clinical phenotypes. Anti-vascular 
endothelial growth factor therapies, which have the effect to contrast the 
burden of pathology due to uncontrolled retinal neovascularization, are known 
to increase visual acuity, decrease retinal edema, and limit neovascularisation 
(Xu et al., 2022). Corticosteroids are anti-inflammatory compounds that are 
broadly used in ocular disease to locally suppress inflammation, reduce the 
proliferation of cells, and contrast neovascularization (Fung et al., 2020). 

Neuroprotection therapeutics
Neurotrophic factors, which innately support neuron health and survival, 
are ideal targets for neuroprotection therapeutics. Targeting of neurotrophic 
pathways can be accomplished by using compounds, which stimulate 
neurothopic factor synthesis or by injecting neurotrophic factors. ACT-01, well 
known as OCS-05, is a first-in-class small molecule with a neuroprotective 
activity that prevents neuroinflammation and neurodegeneration of optic 
nerve and retina in animal models (currently in trial, phase 2a) (de Lima 
Serafim et al., 2018). Its action is linked to the activation of trophic factor 
pathways, such as insulin-like growth factor-1 and brain-derived neurotrophic 
factor (Boia et al., 2020). In in vivo studies, the administration of ciliary 
neurotrophic factor promotes neuronal survival of both photoreceptors 
and retinal ganglion cells through the activation of Janus kinase (Jak)-signal 
transducer and activator of transcription (STAT) and Ras-mitogen-activated 
protein kinase signaling cascades (Zhang et al., 2021). Based on cell type-
specific assessments, Jak-STAT signaling appears to promote neuronal survival 
via both direct and indirect mechanisms. A ciliary neurotrophic factor-based 
therapy has been created and evaluated in several clinical trials (Chew et 
al., 2019). Early in vitro studies also indicate that the use of glial cell-derived 
neurotrophic factor may improve photoreceptor survival via transcriptional 
upregulation of basic fibroblast growth factor-2, suggesting potential utility 
for both trophic factors as therapeutic agents (Mallone et al., 2020; Lambuk 
et al., 2022).

Antioxidant therapeutics
Both current molecules present on-market and those in clinical trials indicate 
that neuroprotective activity could be a solution for preventing retinal 
dysfunction and resulting visual impairment. New classes of molecules that 
can affect common mechanisms of retinal dysfunction must be identified as 
attractive candidate therapies for use in the clinic.

Several innovative studies have lately emerged indicating that neuropeptides 
and their receptors could be viable targets for pharmacological research 
and for drug delivery. Here, we outline new and innovative pharmacological 
therapies that are now being tested (pre-clinical trial, phase I, II, or III) and 
may be promising for the treatment of retinal diseases.

As indicated in the diagram (Figure 1), there are a few current trials to test 
new molecules:
(a) Anti-inflammatory molecules 
Current anti-inflammatory molecules with neuroprotective properties in 
AMD and DR include tetracycline, doxycycline, and minocycline that inhibit 
neuroinflammation and neurodegeneration in the central nervous system 
(Terauchi et al., 2021; DeBoer et al., 2022). Three additional peptides, OCX063 
(Occurx) (Kong et al., 2020), AKST4290 (Alkahest) (currently in trial, phase 2b) 
(Samanta et al., 2020), and Tonabersat (Xiflam; Ocunexus) (Mat Nor et al., 
2020), regulate anti-inflammatory pathway activation. Moreover, ALXN2040 
(Danicopan; Alexion Pharmaceuticals) is an inhibitor of complement factor D 
and is implicated in the treatment of AMD (Boyer et al., 2022).

Figure 1 ｜ Schematic diagram of new and innovative pharmacological therapies on 
clinical trial.
List of promising compounds in clinical trial categorized by classes of drugs, clinical trial 
phase and mechanism of actions. AKST4290: Alkahest; ALK-001: Alkeus Pharmaceuticals; 
ALXN2040: Danicopan; APX3330: Ocuphire Pharma; GLY-230: Glycadia Pharmaceuticals; 
LBS-008: BeliteBio; OCX063: Occurx; PEDF: pigment epithelium-derived factor; RT11: 
Retrotope; VEGF: anti-vascular endothelial growth factor. 

Peroxisome proliferator-activated receptor alpha (PPARα) agonists: A class of 
PPARα agonists, like Pemafibrate (Kowa Pharmaceuticals; phase III) (Fujita et 
al., 2021), Saroglitazar (Lipaglyn; Zydus Cadila; preclinical trial) (Joharapurkar 
et al., 2021), and Rosiglitazone (Avandia; GlaxoSmithKline) (Shen, 2008; Shen 
et al., 2008), developed for DR, inducing the reduction of triglyceride levels 
and low-density lipoprotein levels.
Glycation inhibitor: GLY-230 (glycadia pharmaceuticals) is a glycation inhibitor 
that could reduce the vascular endothelial growth factor and increase the 
pigment epithelium-derived factor, and it is in the trial (phase II) for DR 
(Kennedy et al., 2010). 
(b) Oxidative stress targeting compounds
APX3330 (Ocuphire Pharma) is a molecule that targets apurinic/apyrimidinic 
endonuclease 1/redox effector factor-1 with the result to contrast oxidative 
stress (Heisel et al., 2021).
RT11 (Retrotope) is a synthetic molecule, docosahexaenoic acid, in preclinical 
phase development that can reduce oxidative stress in dry AMD and 
geographic atrophy (Zesiewicz et al., 2018).
(c) Neuroprotection peptides 
Visual cycle modulators are inhibitors of some proteins and receptors 
that could support neurons and ameliorate visual loss. Examples of these 
compounds are Emixustat (Kubota Pharmaceutical) that inhibits the retinal 
pigment epithelium 65 protein. In animal models of Stargardt disease and 
retinal degeneration, emixustat was found to decrease the accumulation 
of A2E and to protect the retina from light-induced damage (Kubota et al., 
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2022). Fenretinide (Revision) is a synthetic drug with antagonism activity on 
serum retinol-binding protein to reduce the high level of vitamin A; it is now 
under clinical trial for the management of geographic atrophy (Miller et al., 
2022). ALK-001 (Alkeus Pharmaceuticals) deuterated vitamin A that is under 
investigation to inhibit the formation of toxic vitamin A aggregates in Stargardt 
disease and AMD acting with a competitive mechanism in which ALK-001 is 
substituting vitamin A to slow the rate of formation of vitamin A dimmers 
(Hussain et al., 2018). LBS-008 (Belite Bio) is a small molecule with antagonist 
activity on retinol-binding protein 4. The final effect is to reduce the delivery 
of retinol to the eye reducing the accumulation of cytotoxic bisretinoids. This 
approach seems to preserve the integrity of retinal tissues, and ultimately 
slow or prevent vision loss (currently in trial, phase 3) (Kim and Priefer, 2021). 

Future Pharmacological Research in Retinal 
Dysfunction
The percentage of the human population affected by Retinal dysfunctions 
has daily increased in the last decades and it raises some challenging work 
to meet the need of innovative approaches to investigate new biomarkers 
but also of the discovery of new therapeutics and delivery systems to have 
effective treatments for retinal diseases (Figure 2). 

Figure 2 ｜ Summary diagram for eye diseases with current and innovative 
technologies.
The diagram summarizes several pathologies characterized by retinal degeneration and 
indicates what are the current therapies and potential innovative technologies of the 
near future. 

A recent study showed a direct correlation between specific circulating 
miRNAs and intra-retinal hyper-reflective spots, indicating that these 
miRNAs could be validated as prognostic biomarkers as well as potential 
pharmacological targets (Wu et al., 2022).

Moreover, the use of patient-derived induced pluripotent stem cells could be 
a good approach to optimize the therapies before treating patients (Mustafi 
et al., 2022).

According to the new advanced neuroprotective therapies for the treatment 
of retinopathies, and the new technology under development, it is essential 
also to determine the subset of patients that could find benefit in the 
neuroprotective treatments.

Understanding how neuroprotective compounds work will help scientists to 
use these molecules in combination with other protective agents to benefit 
from additive or synergistic effects in treatment approaches.

In this review, the old and the new approaches for the treatment of 
retinopathies have been addressed. Nowadays, it’s needed the development 
of novel technologies/tools in the field of ophthalmology healthcare.

A synergistic strategy involving multiple interdisciplinary fields like 
nanotechnology, drug sustained delivery systems, biomechanical engineering, 
and biotechnology, together with better clinical patient stratification 
are required to drive future medicine research and application, also in 
the ophthalmic field, towards a precise medicine to better treat retinal 
dysfunction.
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