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HIGHLIGHTS

Dopamine and D, dopaminergic
agonists inhibit vascular
endothelial growth factor (VEGF)
and are potential drugs for the

treatment of exudative AMD, ABSTRACT
diabetic macular edema and Dopamine and D, dopaminergic agonists inhibit endothelial growth factor
proliferative diabetic retinopathy. (VEGF). This effect has been proven in many types of cancer and in ovarian

hyperstimulation syndrome. Experimental studies indicate the potential use of
these substances in the treatment of eye diseases with increased VEGF release,
such as exudative AMD, diabetic macular edema and proliferative diabetic
retinopathy. This paper presents a review of the latest literature on the poten-
tial use of D, dopaminergic agonists in the treatment of vascular endothelial
growth factor (VEGF) related diseases.

Key words: VEGE, AMD, diabetic retinopathy, dopamine, D, dopaminergic ago-
nists

OPHTHATHERAPY Copyright © Medical Education Vol. 7/Nr 1(25)/2020 (s. 36-39)
© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 05.08.2025; 11:07,33



Dopamine and D2 dopaminergic agonists inhibit activity
of endothelial growth factor (VEGF). This effect has been
demonstrated in many neoplastic diseases and ovarian hy-
perstimulation syndrome. The studies carried out so far
indicate the potential use of these substances also in the
treatment of ocular diseases with increased release of vas-
cular endothelial growth factor, such as: exudative (wet)
age-related macular degeneration (AMD), diabetic macular
edema (DME) or proliferative diabetic retinopathy (PDR).

Vascular endothelial growth factor (VEGF) is a protein that
stimulates developmental and pathological angiogenesis
and increases vascular permeability. The increase in the
concentration of this protein underlies many pathological
processes within the retina. In the proliferative diabetic
retinopathy, the concentration of VEGF increases in re-
sponse to growing hypoxia caused by the retinal inflamma-
tory process. The occurrence of diabetic macular edema,
which is the main cause of visual impairment in diabetic
patients, is also associated with the increase of VEGE. In
the exudative form of age-related macular degeneration
(AMD), an increase in VEGF-A concentration and prolif-
eration and growth of blood vessels under the retinal pig-
ment epithelium layer (type I AMD) or in subretinal space
(type II) were observed. The increase in VEGF concentra-
tion, which is produced in response to retinal ischemia,
also the main reason of macular edema occurring during
retinal vein thrombosis. Currently, injections of substances
blocking the effect of VEGF and/or its receptor (anti-VEGF
medications) are used in the treatment of these diseases.
However, due to the complicated procedure of applica-
tion, varied efficacy and observed side effects of anti-VEGF
preparations, a search is going on for substances that would
complement or substitute the current treatment. Dopa-
mine and D2 dopamine receptor agonists are a very inter-
esting group of drugs with potential use in ophthalmology.

Dopamine is the main neurotransmitter in the central
nervous system (CNS), next to adrenaline, noradrenaline
and acetylcholine. It was discovered over 60 years ago by
Dr. Arvid Carlsson, who, together with Eric Kandel and
Paul Greengard, received the Nobel Prize in Physiology and
Medicine in 2000 for this discovery, and for demonstrating
the role of dopamine in the development of schizophrenia.
Dopamine acts through specific, chemical membrane re-
ceptors, which increase (D1 receptors) or inhibit (D2 re-
ceptors) the activity of the adenyl cyclase [1]

In the 60s and 70s of the 20th century, several epidemio-
logical studies were carried out, showing a reduced risk of
cancer and death from cancer in patients diagnosed with
schizophrenia [2]. Due to the fact that in the course of
schizophrenia and mania there is an increase in dopamine
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activity in the CNS [3], it was concluded that the change
in cancer risk may indicate an important role of dopamine
in inhibiting the development of neoplastic diseases [4].
The above observations were confirmed by the results of
experimental studies. In rats with increased dopaminergic
activity, slower growth of tumors, lower number of meta-
static foci and increased survival were found compared to
animals with lower dopaminergic activity [5].

Experimental studies have shown that dopamine inhibits
VEGEF-stimulated angiogenesis, and therefore inhibits tu-
mor growth. It was found that this effect is associated with
the activation of dopaminergic D2 receptors and inhibition
of VEGEF- VEGFR-2 receptor phosphorylation (vascular en-
dothelial growth factor receptor 2) [6].

The anticancer effect of dopamine and D2 dopamine re-
ceptor agonists has been proven in many models of cancer,
such as gastric cancer [7], colorectal cancer [8], malignant
melanoma [9], multiple myeloma [10], ovarian cancer [11],
endometriosis [12], small cell lung cancer [13], non-small
cell lung cancer [14], prostate cancer [15] and pituitary tu-
mor [16]. Under the influence of administered dopamine
or D2 dopaminergic receptor agonists, the number and
permeability of blood vessels in the neoplastic tissue, the
size and number of neoplastic foci and the number of me-
tastases were reduced and the survival rate of the examined
animals increased.

It was also found that dopamine increases the effectiveness
of anticancer drugs, such as doxorubicin and 5-fluoroura-
cyl [17]. Moreover, the experimental studies on colorectal
and pulmonary cancer models have shown that the efficacy
of dopamine is comparable to that of sunitinib, a tyrosine
kinase inhibitor, e.g. VEGFR-1, VEGFR-2 and VEGEFR-3. At
the same time, it has been demonstrated that dopamine has
a more favorable safety profile, does not significantly affect
the arterial blood pressure values or change the liver and
renal parameters [18].

The anti-edematous effect of dopamine and D2 dopamine
receptor agonists is used in the treatment of ovarian hy-
perstimulation syndrome (OHSS). OHSS is a life-threat-
ening gynecological condition, and occurs in women who
are induced to ovulate for the purpose of taking their ova
for external fertilization. OHSS is characterized by ovarian
enlargement, increased permeability of blood vessels and
penetration of fluid into the peritoneum and pleura. In-
creased Blood density, decreased renal flow and increased
risk of thrombosis:is also observed. The main role in the
etiopathogenesis of OHSS is played by VEGF released by
granular cells of maturing Graff’s follicles. The agonists of
dopaminergic D2 receptors, cabergoline and bromocrip-
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tine, have proven their efficacy in the treatment of OHSS
by inhibiting the VEGF — VEGFR-2 receptor activity [19].

The results of epidemiological studies published in recent
years indicate an increased risk of AMD or exudative (ne-
ovascular) age-related macular degeneration and diabetic
retinopathy in patients with Parkinson’s disease [20, 21].
Moreover, it has been observed that AMD occurs at a later
age in people treated with dopamine precursors or dopa-
mine receptor agonists [22]. The above data may indicate
an important role of dopamine in the etiopathogenesis of
VEGEF-dependent neovascularization and increased vascu-

SUMMARY

So far, it has been found that selected dopaminergic D2 re-
ceptor agonists inhibit stimulated angiogenesis and gene
expression for VEGF [23-25]. The above results set a new
direction of research aimed at developing an effective and
safe group of drugs used to treat nAMD, diabetic macular
edema and proliferative form of diabetic retinopathy. The
authors of this paper plan to conduct research to check
the antiangiogenic action of dopaminergic receptor ago-
nists D2.

lar permeability.

CORRESPONDENCE:

dr n. med. Maciej Oseka

Oftalabs sp. z 0.0.

58-306 Watbrzych, ul. Wroctawska 130
tel.: (4+48) 605-474-781

e-mail: maciej_oseka@oftalabs.pl

ORCID:
Maciej Oseka — ID — https://orcid.org/0000-0002-8017-3432

References

1.

Bucolo C, Leggio GM, Drago F et al. Dopamine outside the brain: The eye, cardiovascular system and endocrine pancreas. Pharm
Therap. 2019; 203: 1-13.

2. Babigian HM, Odoroff CL. The mortality experience of a population with psychiatric iliness. Amer J Psychiat. 1969; 126: 470.

3. Carlsson A. Does dopamine play a role in schizophrenia? Psychol Med. 1977; 7: 583-97.

4. Fond G, Macgregor A, Attal J et al. Antipsychotic drugs: Pro-cancer or anti-cancer? A systematic review. Med Hypotheses. 2012; 79;
38-42.

5. Teunis MA, Kavelaars A, Voest E et al. Reduced tumor growth, experimental metastasis formation, and angiogenesis in rats with a hy-
perreactive dopaminergic system. FASEB J. 2002; 16: 1465-7.

6. Basu S, Nagy JA, Pal S et al. The neurotransmitter dopamine inhibits angiogenesis induced by vascular permeability factor/vascular
endothelial growth factor. Nat Med. 2003; 7: 569-74.

7. Chakroborty D, Sarkar C, Basu Mitra R et al. Depleted Dopamine in Gastric Cancer Tissues: Dopamine Treatment Retards Growth of
Gastric Cancer by Inhibiting Angiogenesis. Clin Cancer Res. 2004; 10: 4349-56.

8. Basu S, Dasgupta PS. Decreased dopamine receptor expression and its second-messenger cAMP in malignant human colon tissue.
Dig Dis Sci. 1999; 44: 916-21.

9. Wick MM. Dopamine: a novel antitumor agent active against B-16 melanoma in vivo. J Invest Dermatol. 1978; 71: 163-4.

10. Chakroborty D, Baral R, Chowdhury UR et al. Dopamine regulates endothelial progenitor cell mobilization from mouse bone marrow
in tumor vascularization. J Clin Invest. 2008; 118: 1380-9.

11. Moreno-Smith M, Lu C, Shahzad MMK et al. Dopamine blocks stress-mediated ovarian carcinoma growth. Clin Cancer Res. 2011; 17:
3649-59.

12. Novella-Maestre E, Carda C, Noguera | et al. Dopamine agonist administration causes a reduction in endometrial implants through
modulation of angiogenesis in experimentally induced endometriosis. Hum Reprod. 2009; 24: 1025-35.

13. Senogles SE. D2 dopamine receptor-mediated antiproliferation a small cell lung cancer cell line, NCI-H69. Anticancer Drugs. 2007; 18:
801-7.

14. Roy S, Lu K, Nayak MK et al. Activation of D2 dopamine receptors in CD133+ve cancer stem cells in nonsmall cell lung carcinoma
inhibits proliferation, clonogenic ability and invasiveness of these cells. J Biol Chem. 2017; 292(2): 435-45.

15. Chakroborty D, Sarkar C, Yu H et al. Dopamine stabilizes tumor blood vessels by upregulating angiopoietin-1 expression in pericytes
and Kruppel-like factor-2 expression in tumor endothelial cells. Proc Natl Acad Sci. USA 2011; 108: 20730-5.

16. Tissier P, Fedele M, Fusco A et al. Complementary actions of dopamine D2 receptor agonist and anti-VEGF therapy on tumoral vessel

normalization in a transgenic mouse model. Int J Cancer. 2017; 140: 2150-61.

OPHTHATHERAPY Copyright © Medical Education Vol. 7/Nr 1(25)/2020 (s. 36-39)
© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 05.08.2025; 11:07,33



The potential usage of D2 dopaminergic agonists in the treatment of VEGF-related eye diseases
M. Oseka, K. Satadziak, A. Jamrozy-Witkowska, J. Dziedziak, A. Cudnoch-Jedrzejewska, A. Swiech

17. Sarkar C, Chakroborty D, Chowdhury UR et al. Dopamine increases the efficacy of anticancer drugs in breast and colon cancer preclin-
ical models. Clin Cancer Res. 2008; 14: 2502-10.

18. Sarkar C, Chakroborty D, Dasgupta PS et al. Dopamine is a safe anti-angiogenic drug which can also prevent 5-fluorouracil induced
neutropenia. Int J Cancer. 2015; 137(3): 744-9.

19. Ferrero H, Garcia-Pascual CM, Gomez R et al. Dopamine receptor 2 activation inhibits ovarian vascular endothelial growth factor secre-
tion in vitro: implications for treatment of ovarian hyperstimulation syndrome with dopamine receptor 2 agonists. Fertil Steril. 2014;
101:1411-8.

20. Chung SD, Ho JD, Hu CC et al. Increased Risk of Parkinson Disease Following a Diagnosis of Neovascular Age-Related Macular Degen-
eration: A Retrospective Cohort Study. Am J Ophthalmol. 2014; 157: 464-9.

21. Lee SE, Han K, Baek JY et al. Association Between Diabetic Retinopathy and Parkinson Disease: The Korean National Health Insurance
Service Database. J Clin Endocrinol Metab. 2018; 103: 3231-8.

22. Brilliant MH, Vaziri K, Connor TB et al. Mining Retrospective Data for Virtual Prospective Drug Repurposing: L-DOPA and Age-related
Macular Degeneration. Am J Med. 2016; 129: 292-8.

23. Danieluk K, Swiech-Zubilewicz A, Oseka M et al. Biological model of Zebrafish — a new research trend in ophthalmology for an antian-
giogenic treatment. EVER, Nicea 2017.

24. Swiech-Zubilewicz A, Danieluk K, Dolar-Szczasny J et al. Dopamine agonists — a new way to inhibit pathological angiogenesis in ze-
brafish model. ARVO, Vancouver 2019.

25. Oseka M, Swiech-Zubilewicz A, Danieluk K et al. The inhibitory effect of D2 dopaminergic agonists on VEGF and VEGF-R genes expres-
sion and blood vessels formation. EVER, Nicea 2019.

Authors’ contributions:

Maciej Oseka: idea of using D, agonists in inhibiting neoangiogenesis in eye diseases,
preparation of this work.

Katarzyna Satadziak: idea of research, conducting research and developing their results.
Agnieszka Jamrozy-Witkowska: substantive consultation and preparation of this work.
Jacek Dziedziak: substantive consultation and preparation of this work.

Agnieszka Cudnoch-Jedrzejewska: substantive consultation and preparation of this
work.

Anna Swiech: developing the concept of the study, conducting the research and
developing their results.

Conflict of interest:

Maciej Oseka: three patents/patent applications covering the presented area of
knowledge.

Other autors: none.

Financial support:
None.

Ethics:
The content presented in the article complies with the principles of the Helsinki Decla-
ration, EU directives and harmonized requirements for biomedical journals.

OPHTHATHERAPY Copyright © Medical Education Vol. 7/Nr 1(25)/2020 (5. 36-39) e
© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 05.08.2025; 11:07,33


http://www.tcpdf.org

