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1. Introduction and Scope

In the present Special Issue on “Metals and Metal Complexes in Diseases with a

Focus on COVID-19: Facts and Opinions”, an attempt has been made to include reports
updating our knowledge of elements considered to be potential candidates for therapeutic
applications and certain metal-containing species, which are extensively being examined
towards their potential biomedical use due to their specific physicochemical properties. The
Special Issue compiles data on the role of metals in COVID-19 and focuses on other illnesses
and biological processes that affect metal metabolism. It consists of eight manuscripts,
including five review articles and three original research papers (Figure 1). These papers
garnered (June 2023) a total of 12 citations and above 10,500 visualizations.
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Figure 1. Graphical summary of metals, some metal cluster anions, and certain natural miner-
als overviewed in this Special Issue: biological applications, diseases, detoxification, antibiofilm
formation, among others.
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Further strategies to improve the pharmacological features of metals and metal-
containing compounds outside of COVID-19 are intensively studied, with a special focus
on the susceptibility of different cells to their effects, key ligands affecting the mode of
their action, and the correlations between biological effects of metals/metal-containing
complexes and potential therapies for human pathologies [1-7].

2. Contributions

The first paper published in the present Special Issue (SI) is entitled “Elements and
COVID-19: A Comprehensive Overview of Studies on Their Blood/Urinary Levels and
Supplementation with an Update on Clinical Trials” [8]. The Scibior research group is
particularly recognized for its significant contributions to the field of vanadium studies
in biology and toxicology [5,9]. The review article by Scibior and Wnuk overviews the
levels of some metals in the blood and urine of COVID-19 patients, summarizes findings on
supplementation with certain micronutrients in COVID-19 subjects, and provides an update
on clinical trials aimed to examine the effects of administration of minerals, alone or in
combination with other agents in COVID-19 patients and COVID-19 risk groups. The data
compiled in this review may lay the groundwork for new therapeutic treatments and further
research on biomarkers of the COVID-19 course and prognosis. The authors highlight
the need for clarification of the importance of mineral supplementation in the COVID-19
course and the relationships of the levels of some elements with clinical improvement [8].

In turn, a review conducted by Szewc et al. collected information about the role of cer-
tain minerals, i.e., zinc (Zn) and copper (Cu), in platelet activation and pathophysiological
thrombus formation in patients with pulmonary embolism in the course of SARS-CoV-2 in-
fection [10]. The authors graphically portrayed (a) the process of platelet activation caused
by Zn, (b) the course of SARS-CoV-2 infection and possible options for the pathway of the
disease process, and (c) the risk factors predisposing populations to pulmonary embolism.
As highlighted in the paper, it is important to understand the exact pathophysiological
mechanism of thrombus formation in patients with pulmonary embolism, as it is one of
the most common complications in the course of SARS-CoV-2 disease. The authors also
indicated the need for exploring the therapeutic options of Zn and Cu in the course of
COVID-19 thrombus formation with an emphasis on the dosage and duration of their
misbalance [10].

The next review, conducted by the Mecik-Kronenberg group, focused on metal inter-
actions, menopause, and COVID-19 [11]. The authors concisely described the picture of
menopause, provided a discussion on the potential impact of menopause on the course of
COVID-19, summarized recent findings on the relationship between the exposure to some
metals and menopause, and collected information about supplementation with certain
elements in menopausal woman and the relationship between metals and SARS-CoV-2
infection in humans. They emphasized the need for supplementation with some minerals
in menopausal woman to alleviate the clinical symptoms of COVID-19 and the toxic effects
of metals, they and drew attention to the need for further larger-scale studies on the effects
of metals on the course of menopause [11].

A review written by several members of the MaGNet Global Magnesium Project
was devoted to the importance of magnesium (Mg) status in COVID-19 [12]. It collected
information on the serum Mg level in COVID-19 studies, dietary Mg intake in the COVID-19
course, Mg supplementation in COVID-19 patients, mechanisms of Mg action in pulmonary
complications of COVID-19, and implications of Mg in the pathogenesis and evolution
of certain CNS complications in COVID-19. The potential of Zn and/or Mg as useful
agents in increasing the effectiveness of drug therapy or reducing the adverse effects of anti-
COVID-19 drugs was also discussed. Simultaneously, the authors highlighted the need for
studies on implications of the disruption of normal or optimal dietary and circulating ratios
between Mg and other bivalent cations, such as Zn and Cu, as well as certain vitamins,
e.g., vitamin D, important in patients with COVID-19. They also stressed the need for more
clinical trials focused on the therapeutic effects of combining Mg and Zn with medications
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used to fight against COVID-19 and for studies on the efficiency of different compounds
with Mg and Zn used in conjunction with anti-COVID-19 medication, i.e., compounds with
different pharmacokinetic parameters [12].

The last review, written by Hus et al., was devoted to COVID-19 in adult patients
with hematological malignancies (HMs). In this paper [13], the authors listed the causes of
the higher susceptibility of patients with HM to infection complications and summarized
the structure and variants of SARS-CoV-2 and the evolution of the COVID-19 clinical
course in patients with hematological neoplasms along with virus mutations. They also
collected data on the treatment of COVID-19 in patients with HM and on the COVID-19
vaccines approved in the European Union that can be used both as primary vaccination and
booster together with their clinical efficacy in cancer patients. Additionally, they graphically
illustrated the history of the most important drugs (registered by the European Medicines
Agency) that are currently used for the treatment of this disease and discussed the effects
of COVID-19 in patients with HMs before and after COVID-19 vaccination. Finally, the
authors referred to supplementation with one of the minerals that could be potentially
considered in COVID-19 patients with HMs as adjunct therapy and provided current
recommendations for prophylactic and therapeutic management in HM patients [13].

The original articles focused on (1) the assessment of the potential biomedical use of
polyoxotungstates (POTs) [14], (2) the influence of vanadium (V) on the homeostasis of some
minerals and divalent metal transporter 1 (DMT1) mRNA expression in streptozotocin-
induced hyperglycemic rats [15], and (3) the in vivo efficiency and safety of long-term
administration of clinoptilolite in its activated forms [16], i.e., tribomechanically activated
zeolite (TMAZ) and panaceo micro-activated zeolite (PMAZ) on the biodistribution of such
metals as Al, As, Cd, Co, Pb, Ni, and Sr.

Aureliano’s research group, in collaboration with other scientists, conducted a series
of in vitro and in vivo studies focused on vanadium compounds, particularly the polyoxo-
vanadate decavanadate ([V190O2]°~, Vo). The primary objective of these investigations
was to evaluate the potentially toxic effects of Vyg [6], as well as the interactions with
proteins [17]. Furthermore, the research aims to explore the anticancer, antibacterial, and
antidiabetic properties of polyoxovanadates (POVs), both individually [6,7,17] and in com-
bination with metformin, specifically in relation to human melanoma cells [18]. The data
reported by Faleiro and co-workers on another type of polyoxometalate (POM), this time a
polyoxotungstate (POT) [14], show that, in addition to antibacterial activity, the Preyssler-
type POT P5Wj3 is able to impair quorum sensing and biofilm formation, which facilitate
bacterial colonization, antibiotic resistance, and persistence in both the environment and
the host. Additionally, PsW3g has been demonstrated to exhibit anti-viral activity against
enteric viruses [14].

The results obtained by Sanchez-Gonzalez et al. [15] show that diabetes alters the
metabolism of such minerals as Zn and Cu and, to a lesser degree, Mn, and that
bis(maltolato)oxovanadium (IV), BMOYV, administered to diabetic rats as a hypoglycemic
agent at a dose of 3 mg V/day reverts the changes in Zn and Cu homeostasis caused by
this disease. The authors suggest that the effect of supplementation with BMOV is possibly
mediated by a fall in food intake and DMT1 gene expression. As stressed, more studies
are needed to better determine the mode of action responsible for the observed changes,
recognize the effects of the interactions, and evaluate the optimum level of pharmacological
intervention in order to avoid or prevent side effects [15].

Finally, the findings obtained by Dolanc et al. [16] show a beneficial effect of oral
administration of zeolite clinoptilolite materials on the concentration profile of Al, As, Cd,
Co, Pb, Ni, and Sr in the blood, brain, bone, kidney, and intestine in healthy female rats.
The authors noted a release of the metals from the organs to the bloodstream, which, as
they highlight, may point to a detoxification process [16].
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3. Conclusions and Outlook

There is an increasing interest in the potential applications of metals in medicine.
The present Special Issue reflects distinct and emergent biomedical applications of metal
compounds and metals in the 21st century, exhibiting, for instance, activities against
COVID-19, among other diseases. We believe that the information provided in this Special
Issue will be valuable to readers who are interested in metals and metal complexes/metal
coordination compounds in general and to those interested in the role of elements in
biological processes and diseases, including COVID-19.

Author Contributions: Conceptualization, AS, MA, AAH. and J.L; writing—original draft
preparation, AS,; writing—review and editing, AS., M.A., A.AH. and J.L.; visualization, AS,;
supervision, AS. and M.A; project administration, AS. and M.A; funding acquisition, AS, M.A.,,
A.AH. and ]J.L. All authors have read and agreed to the published version of the manuscript.

Funding: This study received Portuguese national funds from the Foundation for Science and Tech-
nology (FCT) through projects UIDB/04326,/2020, UIDP/04326/2020, and LA /P/0101/2020 (M.A.)
and U.S. national funds from the National Institutes of Health (NIH) through project 1T34GM149816-
01 (A.A.H.).

Acknowledgments: This work is dedicated to the memory of Mario Agustin Altamirano-Lozano
(1 October 1957-23 January 2021), who inspired the realization of this Special Issue. “Though you are
no longer with us, you will never be forgotten”. The authors would like to thank all the contributing
authors and reviewers.

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

References

1.  Jomova, K.; Makova, M.; Alomar, S.Y.; Alwasel, S.H.; Nepovimova, E.; Kuca, K.; Rhodes, C.J.; Valko, M. Essential metals in health
and disease. Chem. Biol. Interact. 2022, 367, 110173. [CrossRef] [PubMed]

2. Frei, A; Verderosa, A.D.; Elliott, A.G.; Zuegg, ].; Blaskovich, M.A.T. Metals to combat antimicrobial resistance. Nat. Rev. Chem.
2023, 7,202-224. [CrossRef] [PubMed]

3. Pena,]; Pefi, Q.; Wang, A.; Zaremba, O.; Shi, Y.; Scheeren, H.W.; Metselaar, ].M.; Kiessling, F.; Pallares, R.M.; Wuttke, S.; et al.
Metallodrugs in cancer nanomedicine. Chem. Soc. Rev. 2022, 51, 2544-2582. [CrossRef] [PubMed]

4. Silva, M.].S.A.; Gois, PM.P; Gasser, G. Unveiling the potential of transition metal complexes for medicine: Translational in situ
activation of metal-based drugs from bench to in vivo applications. ChemBioChem 2021, 22, 1740-1742. [CrossRef] [PubMed]

5.  Scibior, A.; Pietrzyk, L.; Plewa, Z.; Skiba, A. Vanadium: Risks and possible benefits in the light of a comprehensive overview of its
pharmacotoxicological mechanisms and multi-applications with a summary of further research trends. J. Trace Elem. Med. Biol.
2020, 61, 126508. [CrossRef] [PubMed]

6. Aureliano, M.; Gumerova, N.I; Sciortino, G.; Garribba, E.; Rompel, A.; Crans, D.C. Polyoxovanadates with emerging biomedical
activities. Coord. Chem. Rev. 2021, 447, 214143. [CrossRef]

7. Amante, C.; De Sousa-Coelho, A.L.; Aureliano, M. Vanadium and melanoma: A systematic review. Metals 2021, 11, 828. [CrossRef]

8.  Scibior, A.; Wnuk, E. Elements and COVID-19: A Comprehensive Overview of Studies on Their Blood/Urinary Levels and
Supplementation with an Update on Clinical Trials. Biology 2022, 11, 215. [CrossRef] [PubMed]

9.  Scibior, A.; Llopis, J.; Dobrakowski, P.P.; Mecik-Kronenberg, T. CNS-related effects caused by vanadium at realistic exposure levels
in humans: A comprehensive overview supplemented with selected animal studies. Int. J. Mol. Sci. 2023, 21, 9004. [CrossRef]
[PubMed]

10. Szewc, M.; Markiewicz-Gospodarek, A.; Gérska, A.; Chilimoniuk, Z.; Rahnama, M.; Radzikowska-Buchner, E.; Strzelec-Pawelczak,
K.; Bakiera, J.; Maciejewski, R. The Role of Zinc and Copper in Platelet Activation and Pathophysiological Thrombus Formation
in Patients with Pulmonary Embolism in the Course of SARS-CoV-2 Infection. Biology 2022, 11, 752. [CrossRef] [PubMed]

11.  Mecik-Kronenberg, T.; Ku¢, A.; Kubik-Machura, D.; Koscielecka, K.; Radko, L. Interaction of Metals, Menopause and COVID-19—
A Review of the Literature. Biology 2023, 12, 350. [CrossRef] [PubMed]

12.  Guerrero-Romero, F.; Micke, O.; Simental-Mendjia, L.E.; Rodriguez-Moran, M.; Vormann, J.; Iotti, S.; Banjanin, N.; Rosanoff, A.;
Baniasadi, S.; Pourdowlat, G.; et al. Importance of Magnesium Status in COVID-19. Biology 2023, 12, 735. [CrossRef] [PubMed]

13. Hus, L; Szymczyk, A.; Mariko, J.; Drozd-Sokotowska, J. COVID-19 in Adult Patients with Hematological Malignancies—Lessons
Learned after Three Years of Pandemic. Biology 2023, 12, 545. [CrossRef] [PubMed]

14. Faleiro, L.; Marques, A.; Martins, ].; Jordao, L.; Nogueira, I.; Gumerova, N.I; Rompel, A.; Aureliano, M. The Preyssler-Type

Polyoxotungstate Exhibits Anti-Quorum Sensing, Antibiofilm, and Antiviral Activities. Biology 2022, 11, 994. [CrossRef] [PubMed]


https://doi.org/10.1016/j.cbi.2022.110173
https://www.ncbi.nlm.nih.gov/pubmed/36152810
https://doi.org/10.1038/s41570-023-00463-4
https://www.ncbi.nlm.nih.gov/pubmed/37117903
https://doi.org/10.1039/D1CS00468A
https://www.ncbi.nlm.nih.gov/pubmed/35262108
https://doi.org/10.1002/cbic.202100015
https://www.ncbi.nlm.nih.gov/pubmed/33507625
https://doi.org/10.1016/j.jtemb.2020.126508
https://www.ncbi.nlm.nih.gov/pubmed/32305626
https://doi.org/10.1016/j.ccr.2021.214143
https://doi.org/10.3390/met11050828
https://doi.org/10.3390/biology11020215
https://www.ncbi.nlm.nih.gov/pubmed/35205082
https://doi.org/10.3390/ijms24109004
https://www.ncbi.nlm.nih.gov/pubmed/37240351
https://doi.org/10.3390/biology11050752
https://www.ncbi.nlm.nih.gov/pubmed/35625480
https://doi.org/10.3390/biology12030350
https://www.ncbi.nlm.nih.gov/pubmed/36979042
https://doi.org/10.3390/biology12050735
https://www.ncbi.nlm.nih.gov/pubmed/37237547
https://doi.org/10.3390/biology12040545
https://www.ncbi.nlm.nih.gov/pubmed/37106746
https://doi.org/10.3390/biology11070994
https://www.ncbi.nlm.nih.gov/pubmed/36101375

Biology 2023, 12, 868 50f5

15. Sanchez-Gonzalez, C.; Moreno, L.; Aranda, P.; Montes-Bayon, M.; Llopis, J.; Rivas-Garcia, L. Effect of Bis(maltolato)oxovanadium
(IV) on Zinc, Copper, and Manganese Homeostasis and DMT1 mRNA Expression in Streptozotocin-Induced Hyperglycemic Rats.
Biology 2022, 11, 814. [CrossRef] [PubMed]

16. Dolang, L; Ferhatovi¢ Hamzi¢, L.; Orct, T.; Micek, V.; Sunié, 1.; Jonji¢, A.; Jurasovié, J.; Missoni, S.; Coklo, M.; Paveli¢, S.K. The
Impact of Long-Term Clinoptilolite Administration on the Concentration Profile of Metals in Rodent Organisms. Biology 2023, 12,
193. [CrossRef] [PubMed]

17.  Aureliano, M.; Gumerova, N.I; Sciortino, G.; Garribba, E.; McLauchlan, C.C.; Rompel, A.; Crans, D.C. Polyoxidovanadates’
interactions with proteins: An overview. Coord. Chem. Rev. 2022, 454, 214344. [CrossRef]

18. De Sousa-Coelho, A.L.; Aureliano, M.; Fraqueza, G.; Serrao, G.; Gongalves, ]J.; Sanchez-Lombardo, I.; Link, W.; Ferreira, B.I.
Decavanadate and metformin-decavanadate effects in human melanoma cells. J. Inorg. Biochem. 2022, 235, 111915. [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/biology11060814
https://www.ncbi.nlm.nih.gov/pubmed/35741335
https://doi.org/10.3390/biology12020193
https://www.ncbi.nlm.nih.gov/pubmed/36829471
https://doi.org/10.1016/j.ccr.2021.214344
https://doi.org/10.1016/j.jinorgbio.2022.111915
https://www.ncbi.nlm.nih.gov/pubmed/35834898

	Metals and Metal Complexes in Diseases with a Focus on COVID-19: Facts and Opinions
	Introduction and Scope 
	Contributions 
	Conclusions and Outlook 
	References

