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Diabetic Retinopathy (DR) is a progressive asymptomatic neuro-vascular complication
of diabetes that triggers irreversible retinal damage. This common complication is the
leading cause of vision loss in working-age adults (20–65 years) and, consequently, in
economically active people [1–3]. Although DR is not a life-threatening illness, it leads
to emotional distress and reduces daily life functionality, and thus significantly affects
the individual’s quality of life [1]. With the worldwide prevalence of diabetes increasing,
the number of people with DR is estimated to increase from 424.9 million in 2017 to
628 million by 2045 [4]. This increase in prevalence will make DR one of the main public
health burdens.

It is well known that chronic exposure to hyperglycemia induces low-grade inflamma-
tion and increases the production of reactive oxygen species with the subsequent loss of
redox homeostasis. This contributes to early neuronal retinal cell death [5] and pericytes
demise, followed by rupture of the blood retinal barrier, increased vascular permeabil-
ity [6] and progression to advanced DR stages [6–8]. This Special Issue shows DR as a
multifactorial disease with a common and complex etiology, including oxidative stress,
which calls for a wide range of therapeutic approaches. Miller et al. review the current
knowledge on the role of mitochondrial energetic metabolism alteration in the diabetic
neural retina and its consequences on retinal function, and suggest the importance of main-
taining mitochondrial integrity as a therapeutic strategy [9]. Aragonés et al. summarize
the main role of advanced glycation end products (AGEs) in the progression of DR and
the potential benefits of enhancing the detoxifying activity of the glyoxalase system as a
therapeutic strategy against DR [10]. The harmful role and the involvement of eicosanoids
derived from the oxidation of arachidonic acid by the enzymes cyclooxygenase, lipoxy-
genase, and cytochrome P450 in the development of DR is reviewed by Wang et al. They
also propose potential targets and therapies to prevent the development of early-stage
DR and progression to proliferative DR [11]. Nebbioso et al. report, as a new therapeutic
target, the modulation of the high-mobility group box 1 (HMGB1), a non-histone nuclear
protein involved in the inflammatory response and overexpressed under hyperglycemia,
contributing to both development and progression to proliferative stages of DR [12].

Current treatments mainly target late-stage DR, when there are already serious vascu-
lar alterations and the retina shows neuronal irreparable damages [5]. An earlier diagnosis
is therefore key to preventing the ongoing development of DR. López-Contreras et al. high-
light the need to study classic and new biomarkers in fluid ocular matrices (tears, aqueous
humor, and vitreous), and improve and optimize the sample processing and analysis meth-
ods, in order to obtain an early diagnosis and find new therapeutic targets [13]. Adding
to new biomarkers and epigenetic modifications, Martins et al. review the little-known
role of extracellular vesicles and miRNA in DR development and suggest the potential
usefulness of miRNA in combination with anti-inflammatory and/or antioxidant drugs
and nutraceutical agents in achieving a personalized therapy [14].

This Special Issue presents nine original research articles showing antioxidant strate-
gies to protect against DR development. The first five manuscripts discuss in vitro ap-
proximations. Fernández-Robredo et al. report results showing the antioxidant and anti-
inflammatory properties of vitamin D, suggesting its usefulness in moderating the chronic

Antioxidants 2021, 10, 50. https://doi.org/10.3390/antiox10010050 https://www.mdpi.com/journal/antioxidants

https://www.mdpi.com/journal/antioxidants
https://www.mdpi.com
https://www.mdpi.com/2076-3921/10/1/50?type=check_update&version=1
https://doi.org/10.3390/antiox10010050
https://doi.org/10.3390/antiox10010050
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/antiox10010050
https://www.mdpi.com/journal/antioxidants


Antioxidants 2021, 10, 50 2 of 3

low-grade inflammation and oxidative stress in the development of DR [15]. Oh et al. show
the antioxidant capacity of two supplements, ascorbic acid and astaxanthin, using two
different oxidative models on a human retinal pigment epithelia cell line (ARPE-19) [16].
Likewise, Lai et al. study the protective pathway induced by astaxanthin against oxidative
damage caused by high glucose in mouse photoreceptor cells (661W) [17]. The results show
the ability of the carotenoid to activate the PI3K/AKT/Nrf2 pathway and increase the ex-
pression of the phase II enzymes NAD(P)H dehydrogenase (NQO1) and heme oxygenase-1
(HO-1), suggesting the use of astaxanthin as a nutritional supplement to prevent visual loss
in DR [17]. Hsu et al. study the antioxidant and antiapoptotic properties of a peroxisome
proliferator-activated receptor type α (PPAR-α) agonist, fenofibrate, on a monkey choroidal–
retinal vascular endothelial cell line (RF/6A) [18]. Fenofibrate enhances thioredoxins 1 and
2 expression and suppresses apoptosis signal-regulated kinase-1 (Ask-1) activity, inhibiting
subsequent apoptotic signals [18]. Saenz de Viteri et al. compare different formulations
of docosahexaenoic acid and eicosapentaenoic acid supplements mixed in different pro-
portions for the most powerful antioxidant effect on ARPE-19 [19]. Authors suggest that
supplements with a higher proportion of eicosapentaenoic acid than docosahexaenoic acid
may be more beneficial in preventing or delaying DR progression [19].

Another set of manuscripts presents in vitro experiments combined with in vivo.
Kim et al. show the ability of CPA4-1, a herbal combination of Cinnamomi Ramulus and
Paeoniae Radix, to inhibit AGE formation [20]. Moreover, CPA4-1 is able to ameliorate
blood-retinal barrier leakage and retinal acellular capillary formation in a mouse model
of obesity-induced type 2 diabetes (db/db mice), suggesting CPA4-1 as a potential ther-
apeutic supplement against retinal vascular permeability observed in DR [20]. Ramos
et al. examine the possibility of the use of eye drops of glucagon-like peptide-1 (GLP-1) to
modulate the antioxidant response in db/db mice. This treatment increases the expression
of retinal antioxidant enzymes and prevents DNA/RNA damage, showing neuroprotective
activity [21]. Vishwakarma et al. explore the cellular profile and the gene expression related
to oxidative stress and pro-inflammatory signaling on the fibrocellular membrane of the
eye in three groups of patients: healthy, with proliferative diabetic retinopathy, and with
retinal detachment. The analysis shows that oxidative stress and inflammation-associated
gene expression increased in patients suffering from proliferative diabetic retinopathy
and retinal detachment, providing new information for developing therapies against fi-
brocellular membrane formation in the late stages of DR [22]. Abouhish et al. show an
increase in the expression and activity of histone deacetylase 6 (HDAC6) in human retinal
endothelial cells exposed to a high concentration of glucose, in retinas of a rat model of
type 1 diabetes, and in human postmortem retinal samples from diabetic patients [23].
Moreover, HDAC6 is related to retinal microvascular hyperpermeability and up-regulation
of inflammatory markers, and is presented as a key mediator in hyperglycemia-induced
retinal oxidative/nitrative stress in microangiopathy such as DR [23].

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Simó-Servat, O.; Hernández, C.; Simó, R. Diabetic Retinopathy in the Context of Patients with Diabetes. Ophthalmic Res. 2019, 62,

211–217. [CrossRef] [PubMed]
2. Maniadakis, N.; Konstantakopoulou, E. Cost Effectiveness of Treatments for Diabetic Retinopathy: A Systematic Literature

Review. Pharmacoeconomics 2019, 37, 995–1010. [CrossRef] [PubMed]
3. Ting, D.S.; Cheung, G.C.; Wong, T.Y. Diabetic retinopathy: Global prevalence, major risk factors, screening practices and public

health challenges: A review. Clin. Exp. Ophthalmol. 2016, 44, 260–277. [CrossRef] [PubMed]
4. International Diabetes Federation. IDF Diabetes Atlas, 8th ed.; International Diabetes Federation: Brussels, Belgium, 2017.
5. Rodríguez, M.L.; Pérez, S.; Mena-Mollá, S.; Desco, M.C.; Ortega, Á.L. Oxidative Stress and Microvascular Alterations in Diabetic

Retinopathy: Future Therapies. Oxid. Med. Cell. Longev. 2019, 2019. [CrossRef]
6. Semeraro, F.; Morescalchi, F.; Cancarini, A.; Russo, A.; Rezzola, S.; Costagliola, C. Diabetic retinopathy, a vascular and inflamma-

tory disease: Therapeutic implications. Diabetes Metab. 2019, 45, 517–527. [CrossRef]

http://doi.org/10.1159/000499541
http://www.ncbi.nlm.nih.gov/pubmed/31129667
http://doi.org/10.1007/s40273-019-00800-w
http://www.ncbi.nlm.nih.gov/pubmed/31012025
http://doi.org/10.1111/ceo.12696
http://www.ncbi.nlm.nih.gov/pubmed/26716602
http://doi.org/10.1155/2019/4940825
http://doi.org/10.1016/j.diabet.2019.04.002


Antioxidants 2021, 10, 50 3 of 3

7. Ahsan, H. Diabetic retinopathy–biomolecules and multiple pathophysiology. Diabetes Metab. Syndr. 2015, 9, 51–54. [CrossRef]
8. Rangasamy, S.; McGuire, P.G.; Das, A. Diabetic retinopathy and inflammation: Novel therapeutic targets. Middle East. Afr. J.

Ophthalmol. 2012, 19, 52–59. [CrossRef]
9. Miller, D.J.; Cascio, M.A.; Rosca, M.G. Diabetic Retinopathy: The Role of Mitochondria in the Neural Retina and Microvascular

Disease. Antioxidants 2020, 9, 905. [CrossRef]
10. Aragonès, G.; Rowan, S.; G Francisco, S.; Yang, W.; Weinberg, J.; Taylor, A.; Bejarano, E. Glyoxalase System as a Therapeutic

Target against Diabetic Retinopathy. Antioxidants 2020, 9, 1062. [CrossRef]
11. Wang, M.H.; Hsiao, G.; Al-Shabrawey, M. Eicosanoids and Oxidative Stress in Diabetic Retinopathy. Antioxidants 2020, 9, 520.

[CrossRef]
12. Nebbioso, M.; Lambiase, A.; Armentano, M.; Tucciarone, G.; Bonfiglio, V.; Plateroti, R.; Alisi, L. The Complex Relationship

between Diabetic Retinopathy and High-Mobility Group Box: A Review of Molecular Pathways and Therapeutic Strategies.
Antioxidants 2020, 9, 666. [CrossRef] [PubMed]

13. López-Contreras, A.K.; Martínez-Ruiz, M.G.; Olvera-Montaño, C.; Robles-Rivera, R.R.; Arévalo-Simental, D.E.; Castellanos-
González, J.A.; Hernández-Chávez, A.; Huerta-Olvera, S.G.; Cardona-Muñoz, E.G.; Rodríguez-Carrizalez, A.D. Importance
of the Use of Oxidative Stress Biomarkers and Inflammatory Profile in Aqueous and Vitreous Humor in Diabetic Retinopathy.
Antioxidants 2020, 9, 891. [CrossRef] [PubMed]

14. Martins, B.; Amorim, M.; Reis, F.; Ambrósio, A.F.; Fernandes, R. Extracellular Vesicles and MicroRNA: Putative Role in Diagnosis
and Treatment of Diabetic Retinopathy. Antioxidants 2020, 9, 705. [CrossRef] [PubMed]

15. Fernandez-Robredo, P.; González-Zamora, J.; Recalde, S.; Bilbao-Malavé, V.; Bezunartea, J.; Hernandez, M.; Garcia-Layana, A.
Vitamin D Protects against Oxidative Stress and Inflammation in Human Retinal Cells. Antioxidants 2020, 9, 838. [CrossRef]
[PubMed]

16. Oh, S.; Kim, Y.J.; Lee, E.K.; Park, S.W.; Yu, H.G. Antioxidative Effects of Ascorbic Acid and Astaxanthin on ARPE-19 Cells in an
Oxidative Stress Model. Antioxidants 2020, 9, 833. [CrossRef]

17. Lai, T.T.; Yang, C.M.; Yang, C.H. Astaxanthin Protects Retinal Photoreceptor Cells against High Glucose-Induced Oxidative Stress
by Induction of Antioxidant Enzymes via the PI3K/Akt/Nrf2 Pathway. Antioxidants 2020, 9, 729. [CrossRef]

18. Hsu, Y.J.; Lin, C.W.; Cho, S.L.; Yang, W.S.; Yang, C.M.; Yang, C.H. Protective Effect of Fenofibrate on Oxidative Stress-Induced
Apoptosis in Retinal-Choroidal Vascular Endothelial Cells: Implication for Diabetic Retinopathy Treatment. Antioxidants 2020, 9,
712. [CrossRef]

19. Saenz de Viteri, M.; Hernandez, M.; Bilbao-Malavé, V.; Fernandez-Robredo, P.; González-Zamora, J.; Garcia-Garcia, L.; Ispizua,
N.; Recalde, S.; Garcia-Layana, A. A Higher Proportion of Eicosapentaenoic Acid (EPA) When Combined with Docosahexaenoic
Acid (DHA) in Omega-3 Dietary Supplements Provides Higher Antioxidant Effects in Human Retinal Cells. Antioxidants 2020, 9,
828. [CrossRef]

20. Kim, Y.S.; Kim, J.; Kim, C.S.; Lee, I.S.; Jo, K.; Jung, D.H.; Lee, Y.M.; Kim, J.S. The Herbal Combination CPA4-1 Inhibits Changes in
Retinal Capillaries and Reduction of Retinal Occludin in db/db Mice. Antioxidants 2020, 9, 627. [CrossRef]

21. Ramos, H.; Bogdanov, P.; Sampedro, J.; Huerta, J.; Simó, R.; Hernández, C. Beneficial Effects of Glucagon-Like Peptide-1 (GLP-1)
in Diabetes-Induced Retinal Abnormalities: Involvement of Oxidative Stress. Antioxidants 2020, 9, 846. [CrossRef]

22. Vishwakarma, S.; Gupta, R.K.; Jakati, S.; Tyagi, M.; Pappuru, R.R.; Reddig, K.; Hendricks, G.; Volkert, M.R.; Khanna, H.;
Chhablani, J.; et al. Molecular Assessment of Epiretinal Membrane: Activated Microglia, Oxidative Stress and Inflammation.
Antioxidants 2020, 9, 654. [CrossRef] [PubMed]

23. Abouhish, H.; Thounaojam, M.C.; Jadeja, R.N.; Gutsaeva, D.R.; Powell, F.L.; Khriza, M.; Martin, P.M.; Bartoli, M. Inhibition
of HDAC6 Attenuates Diabetes-Induced Retinal Redox Imbalance and Microangiopathy. Antioxidants 2020, 9, 599. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.dsx.2014.09.011
http://doi.org/10.4103/0974-9233.92116
http://doi.org/10.3390/antiox9100905
http://doi.org/10.3390/antiox9111062
http://doi.org/10.3390/antiox9060520
http://doi.org/10.3390/antiox9080666
http://www.ncbi.nlm.nih.gov/pubmed/32722545
http://doi.org/10.3390/antiox9090891
http://www.ncbi.nlm.nih.gov/pubmed/32962301
http://doi.org/10.3390/antiox9080705
http://www.ncbi.nlm.nih.gov/pubmed/32759750
http://doi.org/10.3390/antiox9090838
http://www.ncbi.nlm.nih.gov/pubmed/32911690
http://doi.org/10.3390/antiox9090833
http://doi.org/10.3390/antiox9080729
http://doi.org/10.3390/antiox9080712
http://doi.org/10.3390/antiox9090828
http://doi.org/10.3390/antiox9070627
http://doi.org/10.3390/antiox9090846
http://doi.org/10.3390/antiox9080654
http://www.ncbi.nlm.nih.gov/pubmed/32717933
http://doi.org/10.3390/antiox9070599
http://www.ncbi.nlm.nih.gov/pubmed/32660051

	References

