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This Special Issue highlights the key molecules and molecular signaling pathways as-
sociated with diabetes and its multifaceted complications. Diabetes stands as a paramount
global public health challenge. Inadequately managed diabetes can exert profound and
far-reaching impacts on various organs and tissues within the body, including the kid-
neys, ocular surface, retina, and heart. Although progress has been made in therapeutic
approaches to reducing glucose levels, certain complications of diabetes remain irreversible
and resistant to prevention. For a comprehensive understanding of the disease, it is im-
perative to deepen the knowledge of the molecular signaling pathways underlying the
development of diabetes and its associated complications.

Dopamine, beyond its traditional role as a neurotransmitter, plays a crucial role in fine-
tuning the control of insulin secretion, adding a layer of complexity to our understanding
of the molecular mechanisms governing glucose homeostasis. While D-glucose, along
with specific amino acids and fatty acids, serves as the primary physiological stimulus for
insulin secretion, numerous other molecules, including gut-derived peptide hormones and
classical neurotransmitters, contribute to the nuanced control of net insulin production.
Among these neurotransmitters, dopamine emerges as a significant factor, acting directly
on β-cells and influencing other target tissues such as the liver and skeletal muscle. The
intricate interplay of these molecules serves as amplifying agents that enhance signals
generated by the β-cell glucose sensing apparatus. Chaudry et al. have suggested an
intriguing concept: dopamine potentially serves as an anti-incretin in pancreatic β-cells by
activating the dopamine type 2 receptor (D2R). According to their proposal, this activation
leads to the inhibition of insulin secretion stimulated by glucose and glucagon-like peptide
1 (GLP-1) [1]. One of the studies in this Special Issue investigates the regulatory role
of dopamine in insulin signaling, glucose uptake, and catabolic activity in the liver and
white adipose tissue (WAT). This research focuses on the impact of nutritional cues on
dopamine secretion, particularly following a mixed meal and glucose intake in Wistar
rats. In a preclinical model of type 2 diabetes, the high-fat-diet-fed diabetic Goto-Kakizaki
rats, sleeve gastrectomy is shown to upregulate dopaminergic machinery, emphasizing the
influence of the gut on dopamine signaling in WAT. Treatment with the dopamine agonist
bromocriptine increases the GLP-1 receptor (GLP-1R) in WAT, revealing dopamine’s role
in regulating GLP-1R. Interestingly, the GLP-1 receptor agonist Liraglutide has no impact
on dopamine receptors. Crosstalk between GLP-1 and dopamine is demonstrated in rat
WAT explants, where dopamine enhances GLP-1-induced AMPK activity in mesenteric
WAT. Human WAT analysis reveals a correlation between dopamine receptor 1 (D1DR)
and GLP-1R expression. The findings suggest a link between dietary and gut regulation
of plasma dopamine, influencing WAT to modulate GLP-1 action. These insights into
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dopamine’s dual role in the pancreas and WAT may open new therapeutic avenues for
enhancing metabolic control in metabolic disorders.

Insights into the intricate molecular and cellular dysregulation of innate immunity
in diabetes are given in one of the studies in this Special Issue, focusing specifically on
the ocular surface and retina, and the potential interconnectedness of these mechanisms
is elucidated. The innate immune system, a paramount defender against pathogens, as-
sumes a pivotal role in the pathophysiology of diabetes. In individuals with diabetes,
chronic low-grade inflammation disrupts immune homeostasis, influencing the function of
immune-competent cells and the release of inflammatory mediators. While discussions on
the ocular complications of diabetes often spotlight diabetic retinopathy, this manuscript
underscores the often-neglected impact on the ocular surface, where inflammatory changes
may occur, affecting the delicate balance of the eye’s immune privilege. Diabetic retinopa-
thy, a well-recognized complication of diabetes, extends beyond its vascular manifestations.
Inflammatory and neurovascular factors play a key role in the progression of diabetic
retinopathy. The intricate network of innate immune cells in the retina faces challenges
in maintaining immune homeostasis under the inflammatory milieu associated with dia-
betes. While substantial progress in understanding the mechanisms underlying the ocular
complications of diabetes has been made through preclinical models, it is crucial to ac-
knowledge the notable differences between rodents and human physiology that can impact
the localization and regulation of the immune response in the eye. An awareness of these
distinctions is imperative for advancing our comprehension of how diabetes affects the
ocular immune system and tailoring potential interventions for human applications.

As therapeutic strategies for diabetes management progress, there is a growing recog-
nition of the need for a more comprehensive and holistic approach to tackle complications
associated with diabetes. The other contributions in this Special Issue explore or offer
insight into promising therapeutic interventions, including novel pharmaceuticals and
bioactive compounds, aiming to alleviate the impact of diabetes-related complications.

Inonotus obliquus, commonly known as Chaga mushroom, is widely used as medici-
nal and health food in various cultures, including China, Russia, Korea, and several Western
countries. Among its extracts, Inonotus obliquus contains several compounds, including
polysaccharides, triterpenes, and polyphenols, with interesting properties, such as antioxi-
dant, anti-inflammatory, anti-glycemic, and anti-hyperlipidemic activities [2]. As diabetes
nephropathy (DN) is a prevalent cause of end-stage renal disease globally, and therapeutic
options for chronic renal disease (CKD) are limited, after water–ethyl acetate separation
from Inonotus obliquus ethanol crude extract (EtCE-EA) from Chaga mushrooms, the
potential renoprotective effects of the ethyl acetate layer in mice with DN induced by a
combination of streptozotocin and unilateral nephrectomy were explored. The EtCE-EA
treatment effectively regulates the blood glucose levels, albumin–creatinine ratio, and the
serum creatinine and blood urea nitrogen (BUN) levels, demonstrating an improvement
in renal damage. A reduction in the expression of TGF-β and α-SMA with increasing
concentrations of EtCE-EA suggests a potential slowdown in the degree of kidney damage.
The findings propose that EtCE-EA may offer renoprotection in diabetic nephropathy by
mitigating the expression of transforming growth factor-β1 and α-smooth muscle actin.

Scientific literature supports curcumin’s anti-diabetic effects and its ability to alleviate
complications associated with diabetes through diverse molecular mechanisms of action [3].
Curcumin, the active compound in Curcuma longa L., exhibits several physiological and phar-
macological benefits, including antioxidant, anti-inflammatory, and antidiabetic properties.
The former activity is related to its potent abilities to suppress oxidative stress and inflamma-
tion, protecting against diabetes-induced endothelial dysfunction and down-regulation of
nuclear factor-kappa B. The compound regulates blood glucose and glycosylated hemoglobin
levels in diabetic rats by modulation of the polyol pathway [4]. A novel curcuminoid was
synthesized with the aim of enhancing the anti-inflammatory and antioxidant potential of
curcumin while reducing the required therapeutic dose. In vitro studies show that curcumin
and curcuminoid have significant anti-inflammatory effects. In vivo experiments on Goto-
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Kakizaki rats reveal that the curcuminoid, administered at a lower equimolar dose than
curcumin, exhibits a marked hypoglycemic effect, accompanied by increased levels of glucose
transporter type 4 (GLUT4) in adipose tissue. Furthermore, both compounds improved nitric
oxide (NO)-dependent vasorelaxation. However, only the curcuminoid showed an enhanced
response to ascorbic acid, indicating a more significant reduction in vascular oxidative and
nitrosative stress. Notably, the curcuminoid enhances the antioxidant defenses in epididymal
adipose tissue (EAT) and the heart. The curcuminoid demonstrates superior efficacy at a
lower dose compared to curcumin, mitigating the limited therapeutic potential of curcumin
and circumventing the adverse effects associated with high dosages.

One of the papers in this Special Issue reviews the evidence related to the potential
of glucocorticoid (GC) metabolism as a therapeutic target for metabolic diseases. These
steroid hormones secreted by the adrenal cortex are chief regulators of carbohydrate, lipid,
and protein metabolism and might be involved in the development of cardiometabolic
diseases (e.g., obesity, metabolic syndrome, type 2 diabetes mellitus, among others) due to
the impaired regulation of their levels. The local availability of cortisol and corticosterone
to activate the glucocorticoid receptor is controlled by 11β-hydroxysteroid dehydrogenase
type I (11β-HSD1), which makes this enzyme and its putative inhibitors appealing targets
for novel pharmacotherapy directed toward these disorders. Before major progress on
this topic can be achieved, it will be important to clarify whether the reduction in the
increased cortisol levels found in several cardiovascular and metabolic diseases affect the
course of these disorders. Knockout mice lacking the 11β-HSD1 gene presented with a
lower triglyceride concentration and increased HDL cholesterol levels, and were resistant
to hyperglycemia and visceral obesity induced by a high-fat diet and stress conditions [5,6].
The use of 11β-HSD1 inhibitors can cause a reduction in the GC content independent of the
hypothalamic–pituitary–adrenal axis (which regulates the circulating GC levels) due to the
control of cell and tissue processes. These promising preclinical results, namely in animal
models, as well as in some placebo-controlled, randomized trials, deserve validation in large
clinical trials, in order to confirm whether this enzyme could be a good novel therapeutic
target for diabetes and other cardiometabolic diseases.

Another potential therapeutic target for diabetes is discussed in a paper included
in this Special Issue. Glycosphingolipids (GSLs), a major group of lipids containing a
backbone of sphingoid bases and a polar sphingosine head, have been associated with the
development of diabetes due to their participation in several metabolic processes, including
lipid metabolism, insulin sensitization, oxidative stress, and inflammation, among others.
This paper reviewed preclinical evidence of the importance of these mechanisms in several
animal models of diabetes, focusing on three main topics: the participation of a monosialodi-
hexosylceramide (GM3) in the interaction between insulin and its receptor; the putative
role played by ceramide (Cer) and lactosylceramide (LacCer) in mitochondrial dysfunction
and apoptosis; and the involvement of LacCer in mechanisms of oxidative stress and
inflammation. Preclinical data suggesting a pro-diabetic competitive role of GM3 with the
insulin–insulin receptor interaction, obtained both from in vitro and from mouse models of
diabetes, need to be confirmed using GM3 synthase-specific inhibitors. In addition, under
conditions of hyperglycemia, increased levels of LacCer can contribute to oxidative stress, a
major driver for diabetes and its cardiovascular complications. Using experimental animal
models of diabetes (namely the db/db mice), inhibitors of glycosphingolipid synthesis
(such as the biopolymer-encapsulated D-Threo-1-phenyl-2-decanoylamino-3-morpholino-1-
propanol: D-PDMP) showed the ability to reduce the LacCer content, the blood level of bulk
lipids and lipoproteins, as well as the blood glucose levels, body weight, and biomarkers of
oxidative stress and inflammation [7]. Further studies with advanced omics technologies
(e.g., lipidomics and genomics, among others) are still needed to understand the possibility
of using sphingolipid signaling networks as a therapeutic target for diabetes.

Concerning novel targets for the prevention of the progression of diabetic complica-
tions, namely diabetic foot ulcers (DFUs), a paper in this Special Issue reviews the evidence
regarding heme oxygenase-1 (HO-1), which is a rate-limiting enzyme in heme degradation,
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generating carbon monoxide (CO), biliverdin (BV), which is converted into bilirubin (BR),
and iron. This enzyme is not only a powerful antioxidant but also exerts anti-inflammatory,
proliferative, angiogenic, and cytoprotective properties, which collectively could be piv-
otal in preventing diabetic wound healing, a major complication of diabetes and whose
complex pathophysiology involves oxidative stress, inflammation, immune cell impair-
ment, together with reduced/delayed re-epithelialization and angiogenesis. Modulators
of HO-1 biosynthesis and inhibitors of HO-1′ enzymatic activity have been assessed as a
potential pharmacotherapy to ameliorate diabetic wound healing. In preclinical studies,
using in vitro systems and animal models, increased HO-1 expression via the activation of
transcription factors or gene therapy, as well as the use of natural or pharmacological induc-
ers to increase HO-1 enzymatic activity, showed antioxidant and inflammatory properties.
Hemin is an inducer of HO-1 that has been approved for acute intermittent porphyria
treatment but that has also exhibited beneficial effects on diabetic wound healing in animal
models [8], being a potential drug candidate for DFU treatment. Another promising option
as a repurposing therapy is dimethyl fumarate (DMF), a drug used for multiple sclerosis
treatment that seems to be able to ameliorate diabetic wound healing [9]. DMF activates
Nrf2, which regulates multiple effector enzymes, including HO-1. Safe and effective Nrf2
activator compounds should be developed for potential clinical use in diabetic patients
with a high risk of developing DFUs. Other drug candidates for diabetic wound healing
treatment, with proven beneficial effects in animal models, include BV/BR-based therapies
and the direct administration of CO via inhalation or CO-releasing molecules [10,11]. How-
ever, further research is still needed to evaluate their efficacy and safety when exogenously
used as a pharmacotherapy for DFUs.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Chaudhry, S.; Bernardes, M.; Harris, P.E.; Maffei, A. Gastrointestinal dopamine as an anti-incretin and its possible role in bypass

surgery as therapy for type 2 diabetes with associated obesity. Minerva Endocrinol. 2016, 41, 43. [PubMed]
2. Lu, Y.; Jia, Y.; Xue, Z.; Li, N.; Liu, J.; Chen, H. Recent Developments in Inonotus obliquus (Chaga mushroom) Polysaccharides:

Isolation, Structural Characteristics, Biological Activities and Application. Polymers 2021, 13, 1441. [CrossRef]
3. Fazel Nabavi, S.; Thiagarajan, R.; Rastrelli, L.; Daglia, M.; Sobarzo-Sánchez, E.; Alinezhad, H.; Mohammad Nabavi, S. Curcumin:

A natural product for diabetes and its complications. Curr. Top. Med. Chem. 2015, 15, 2445. [CrossRef] [PubMed]
4. Alidadi, M.; Liberale, L.; Montecucco, F.; Majeed, M.; Al-Rasadi, K.; Banach, M.; Jamialahmadi, T.; Sahebkar, A. Protective effects

of curcumin on endothelium: An updated review. Adv. Exp. Med. Biol. 2021, 1291, 103.
5. Kotelevtsev, Y.; Holmes, M.C.; Burchell, A.; Houston, P.M.; Schmoll, D.; Jamieson, P.; Best, R.; Brown, R.; Edwards, C.R.; Seckl,

J.R.; et al. 11beta-hydroxysteroid dehydrogenase type 1 knockout mice show attenuated glucocorticoid-inducible responses and
resist hyperglycemia on obesity or stress. Proc. Nat. Acad. Sci. USA 1997, 94, 14924. [CrossRef]

6. Morton, N.M.; Paterson, J.M.; Masuzaki, H.; Holmes, M.C.; Staels, B.; Fievet, C.; Walker, B.R.; Flier, J.S.; Mullins, J.J.; Seckl,
J.R. Novel adipose tissue-mediated resistance to diet-induced visceral obesity in 11 beta-hydroxysteroid dehydrogenase type
1-deficient mice. Diabetes 2004, 53, 931. [CrossRef] [PubMed]

7. Mishra, S.; Bedja, D.; Amuzie, C.; Foss, C.A.; Pomper, M.G.; Bhattacharya, R.; Yarema, K.J.; Chatterjee, S. Improved intervention
of atherosclerosis and cardiac hypertrophy through biodegradable polymer-encapsulated delivery of glycosphingolipid inhibitor.
Biomaterials 2015, 64, 125. [CrossRef]

8. Chen, Q.Y.; Wang, G.-G.; Li, W.; Jiang, Y.-X.; Lu, X.-H.; Zhou, P.-P. Heme Oxygenase-1 Promotes Delayed Wound Healing in
Diabetic Rats. J. Diabetes Res. 2016, 2016, 9726503. [CrossRef] [PubMed]

9. Li, Y.; Ma, F.; Li, H.; Song, Y.; Zhang, H.; Jiang, Z.; Wu, H. Dimethyl fumarate accelerates wound healing under diabetic condition.
J. Mol. Endocrinol. 2018, 61, 163. [CrossRef] [PubMed]

10. Ram, M.; Singh, V.; Kumar, D.; Kumawat, S.; Gopalakrishnan, A.; Lingaraju, M.C.; Gupta, P.; Tandan, S.K.; Kumar, D. Antioxidant
potential of bilirubin-accelerated wound healing in streptozotocin-induced diabetic rats. Naunyn Schmiedebergs Arch. Pharmacol. 2014,
387, 955. [CrossRef] [PubMed]

11. Otterbein, L.E.; Bach, F.H.; Alam, J.; Soares, M.; Lu, H.T.; Wysk, M.; Davis, R.J.; Flavell, R.A.; Choi, A.M. Carbon monoxide has
anti-inflammatory effects involving the mitogen-activated protein kinase pathway. Nat. Med. 2000, 6, 422–428. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ncbi.nlm.nih.gov/pubmed/26505694
https://doi.org/10.3390/polym13091441
https://doi.org/10.2174/1568026615666150619142519
https://www.ncbi.nlm.nih.gov/pubmed/26088351
https://doi.org/10.1073/pnas.94.26.14924
https://doi.org/10.2337/diabetes.53.4.931
https://www.ncbi.nlm.nih.gov/pubmed/15047607
https://doi.org/10.1016/j.biomaterials.2015.06.001
https://doi.org/10.1155/2016/9726503
https://www.ncbi.nlm.nih.gov/pubmed/26798657
https://doi.org/10.1530/JME-18-0102
https://www.ncbi.nlm.nih.gov/pubmed/30038053
https://doi.org/10.1007/s00210-014-1011-3
https://www.ncbi.nlm.nih.gov/pubmed/24969350
https://doi.org/10.1038/74680
https://www.ncbi.nlm.nih.gov/pubmed/10742149

	References

