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Dopamine (DA) is one of the most important catecholamine neurotransmitters in
the central nervous system. DA is synthesized through a restricted population of cells,
which are mainly located in the ventral midbrain, and the projections arising from these
brain areas constitute the fundamental framework of the dopaminergic system. Via dif-
ferent receptors and/or circuitries, DA implicates the regulation of many functions in
the brain, such as motor control, motivation, reward, emotion, feeding, and endocrine
functions. Therefore, dysfunctions in the dopaminergic system are related to a plethora of
mental and physical diseases, such as Parkinson’s disease (PD), schizophrenia, Tourette’s
syndrome, drug addiction, learning and memory deficits, autism, and attention deficit
hyperactivity syndrome [1–3]. Thus, there is an increasing need to elucidate the role of
DA neurotransmitters and the dopaminergic system in neurological diseases and develop
effective medications or therapy strategies for treating DA-related disorders.

DA modulates structure and function in the target brain region. DA inhibits excitatory
synaptic transmission in the anterior cingulate cortex (ACC), a brain region involved in
acute and chronic pain. It is necessary to detect how DA modulates inhibitory synaptic
transmission in the ACC and its alteration of the excitatory/inhibitory (E/I) balance dur-
ing inflammation pain. It is suggested that complete Freund’s adjuvant (CFA)-induced
inflammation and DA do not significantly affect the E/I balance in ACC neurons, but
activity-dependent changes may be observed in the DA modulation of presynaptic gluta-
mate release in the presence of inflammation [4]. A review also proposes DA as a model
not only of neurotransmission but also of neuromodulation capable of modifying neuronal
architecture. These modifications lead to synaptic plasticity and finally to morphologi-
cal and functional changes, starting with maladaptive neuromodulation and ending in
neurodegeneration [2].

Since DA acts as a powerful regulator of different aspects of brain function, the
dopaminergic system would be an attractive therapeutic target for these diseases. A review
proposed a combination therapy strategy for PD based on DA receptor agonists plus
tyrosine hydroxylase (TH) inhibitors. TH inhibitors can protect the survival of remaining
dopaminergic neurons, whereas DA receptor agonists activate post-synaptic DA receptors
to alleviate symptoms in PD patients. This multi-drug cocktail may represent a novel
strategy to protect against progressive dopaminergic neurodegeneration and alleviate PD
disease progression [3]. The dopamine transporter (DAT) plays an important role in the
modulation of DA neurotransmission through the reuptake of extracellular DA. S-CE-123
is a novel DAT inhibitor. The combination of improved BBB transport and higher affinity
for DAT makes S-CE-123 a promising candidate for the treatment of cognitive decline [5].
Fatty acid-binding protein 3 (FABP3) specifically binds to the dopamine D2 receptor (D2R),
and plays an essential role in D2R functions. As a newly developed FABP3 inhibitor,
MF1 treatment suppresses D2R/FABP3 signaling, thereby preventing nicotine-induced
conditioned place preference. Hence, MF1 can be used as a novel drug to block addiction
to nicotine and other drugs by inhibiting the dopaminergic signaling [6].
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Dopaminergic neurons are susceptible to inflammation, which is a recognized risk
factor for neuronal malfunction and cell death in major neurodegenerative diseases. Biliru-
bin, a heme metabolite, has been shown to possess important anti-inflammatory activity.
Thus, it seems to be an endogenous candidate biomolecule for improving or preventing
DA-related neurological dysfunctions, supporting its potential therapeutic usage. A review
summarizes the evidence linking dopaminergic neurons, inflammation, and bilirubin as an
anti-inflammatory unit and presents the hypotheses of anti-inflammatory strategies aimed
at preserving dopamine homeostasis with bilirubin included [1].

Although dopaminergic cells are mainly located in the ventral midbrain, the presence
of dopaminergic cells in the median raphe region (MRR) has been confirmed in both
mouse and human samples. These dopaminergic neurons in the MRR do not influence
locomotion, anxiety, or memory; however, manipulation of these cells elicits a specific
social response [7].

Overall, there are four studies and three reviews presented in this Special Issue that
report new research progress and reviews concerning the physiologic DA function and the
pathological trajectories in DA-related neurological diseases. These will help to understand
the mechanism and pave the path for future work towards developing efficient therapies
against DA-related disorders.

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

References
1. Jayanti, S.; Dalla Verde, C.; Tiribelli, C.; Gazzin, S. Inflammation, Dopaminergic Brain and Bilirubin. Int. J. Mol. Sci. 2023, 24, 1478.

[CrossRef] [PubMed]
2. Lauretani, F.; Giallauria, F.; Testa, C.; Zinni, C.; Lorenzi, B.; Zucchini, I.; Salvi, M.; Napoli, R.; Maggio, M.G. Dopamine

Pharmacodynamics: New Insights. Int. J. Mol. Sci. 2024, 25, 5293. [CrossRef] [PubMed]
3. Yi, L.X.; Tan, E.K.; Zhou, Z.D. Tyrosine Hydroxylase Inhibitors and Dopamine Receptor Agonists Combination Therapy for

Parkinson’s Disease. Int. J. Mol. Sci. 2024, 25, 4643. [CrossRef] [PubMed]
4. Darvish-Ghane, S.; Baumbach, J.; Martin, L.J. Influence of Inflammatory Pain and Dopamine on Synaptic Transmission in the

Mouse ACC. Int. J. Mol. Sci. 2023, 24, 1113. [CrossRef] [PubMed]
5. Spreitzer, I.; Keife, J.; Strasser, T.; Kalaba, P.; Lubec, J.; Neuhaus, W.; Lubec, G.; Langer, T.; Wackerlig, J.; Loryan, I. Pharmacokinetics

of Novel Dopamine Transporter Inhibitor CE-123 and Modafinil with a Focus on Central Nervous System Distribution. Int. J. Mol.
Sci. 2023, 24, 6956. [CrossRef] [PubMed]

6. Jia, W.; Kawahata, I.; Cheng, A.; Sasaki, T.; Sasaoka, T.; Fukunaga, K. Amelioration of Nicotine-Induced Conditioned Place
Preference Behaviors in Mice by an FABP3 Inhibitor. Int. J. Mol. Sci. 2023, 24, 6644. [CrossRef] [PubMed]

7. Chaves, T.; Török, B.; Fazekas, C.L.; Correia, P.; Sipos, E.; Várkonyi, D.; Tóth, Z.E.; Dóra, F.; Dobolyi, Á.; Zelena, D. The
Dopaminergic Cells in the Median Raphe Region Regulate Social Behavior in Male Mice. Int. J. Mol. Sci. 2024, 25, 4315. [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://doi.org/10.3390/ijms241411478
https://www.ncbi.nlm.nih.gov/pubmed/37511235
https://doi.org/10.3390/ijms25105293
https://www.ncbi.nlm.nih.gov/pubmed/38791331
https://doi.org/10.3390/ijms25094643
https://www.ncbi.nlm.nih.gov/pubmed/38731862
https://doi.org/10.3390/ijms241311113
https://www.ncbi.nlm.nih.gov/pubmed/37446289
https://doi.org/10.3390/ijms242316956
https://www.ncbi.nlm.nih.gov/pubmed/38069277
https://doi.org/10.3390/ijms24076644
https://www.ncbi.nlm.nih.gov/pubmed/37047614
https://doi.org/10.3390/ijms25084315
https://www.ncbi.nlm.nih.gov/pubmed/38673899

	References

