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Abstract: Studies of the pharmacological action of vanadium compounds have shown that vana-
dium has been arousing interest as a potential candidate for therapeutic applications. Some com-
pounds/complexes of vanadium can be effective against various ailments, such as microbial dis-
eases caused by viruses, bacteria, parasites, and protozoa, gastrointestinal disorders, typhoid fever,
respiratory infections, tuberculosis, pneumonia, strep throat and skin diseases. Certain vanadium
compounds/complexes may have potential in anti-cancer, anti-diabetic, and anti-hypercholester-
olemic activity and can act as cardioprotective and neuroprotective agents. Thus, vanadium com-
pounds have a great potential in the treatment of many types of diseases.

Keywords: Vanadate, polyoxovanadates; antibacterial agents; drug discovery; metal-

based drugs.

1. Introduction

Vanadium (V) is an element with a wide range of effects on the mammalian organism
[1,2]. The ability of this metal to form polyoxovanadates (POVs) and organometallic
compounds contributed to the increase in the number of studies on the multidirectional
biological activity in view of their application in medicine [3,4,5,6,7]. Vanadium
compounds receives a great deal of attention from chemists, biologists, biochemists,
toxicologists, and pharmacologists. The biological activity of compounds containing this
element has many investigations of many organic vanadium complexes and its inorganic
compounds in terms of their potential use in the treatment of certain diseases in humans.
Studies carried out so far on vanadium compounds have shown that the bioactive
complexes/compounds of this metal can be therapeutically active at low concentrations
[1,3]. Structures of several vanadium complexes and compounds showing several

biological and biomedical activities were described elsewhere [3,5,6,7,8].

2. Vanadium compounds — physiological aspects

The research on aspects of the biological activity of vanadium compounds has
demonstrated an essential role of this element in the metabolism of carbohydrates showing
effects at the level of glycolysis, glycogenolysis and gluconeogenesis pathways. On the

other hand, lipid metabolism can be affected by stimulation of lipogenesis and inhibition
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of lipolysis, phospholipids, and cholesterol. The action of vanadium is also known to
influence bone mineralization, thyroid and erythrocyte metabolism, accumulation and
transport of calcium in the cell [1,3,4].

Vanadium compounds, also regulate the activity of key enzymes involved in the
phosphorylation and dephosphorylation of proteins, kinases, and phosphatases, taking
part not only in carbohydrate and lipid metabolism but also in cell proliferation and
differentiation [1,3,4,6,7].

3. Vanadium compounds - pharmacological aspects

Studies of the pharmacological action of vanadium compounds have shown that
vanadium has been arousing interest of is potential candidate for therapeutic applications
[6,7].

Many research studies have been shown its anti-bacterial, anti-fungal, anti-parasitic,
anti-viral anti-cancer, anti-diabetic, and anti-hypercholesterolemic activity and
cardioprotective, neuroprotective, and anti-obesity effects of vanadium compounds
(Figure 1). It has reported that in human beings, affect cholesterol and triglyceride
metabolism, influence the erythrocyte shape, stimulate hepatic glucose oxidation and
glycogen synthesis at pharmacological amounts of vanadium, i.e. 10 to 100 times higher
than the normal intake [2]. On the other hand, vanadium compounds have also been found

to act as an antioxidant (Figure 1) [9-12].

Vanadium
® Pharmacological °

°
anti-cancer anti-obesity

Figure 1. Pharmacological and/or biological activities of vanadium compounds.
4. Antimicrobial activities of vanadium compounds

In vitro and in vivo experimental models in several studies have demonstrated the
pharmacological potential of vanadium compounds and has shown that some
compounds/complexes of this element can be effective against many microbial diseases

such as: (a) viruses, including dengue virus, influenza, HIV-1 virus and HIV-2
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immunodeficiency virus and severe acute respiratory syndrome (SARS) virus (Figure 2)
[13-15] responsible respectively for dengue fever, acute respiratory infection, acquired
immune deficiency syndrome (AIDS) and SARS; (b) parasitic protozoan diseases caused
of the genus Trypanosoma responsible for American trypanosomiasis and African
trypanosomiasis known as Chagas disease and sleeping sickness, respectively; protozoan
parasites of the genera Leishmania and Entamoeba (Figure 2) [14, 16-21] responsible for the
development of leishmaniasis and amoebiasis, respectively; (c) mycotoxicosis caused from
the genera Candida, Aspergillus, Trichophyton, and Microscopus (Figure 2) [22-26] and (d)
bacterial diseases caused by Gram-negative and Gram-positive bacteria (Figure 2) [26-29]
such as food poisoning, gastrointestinal, typhoid fever, respiratory infections, tuberculosis,
pneumonia, strep throat and skin diseases. It was also shown that certain vanadium
compounds/complexes may have potential in anti-cancer, anti-diabetic, and anti-
hypercholesterolemic activity whereas it can act also as cardioprotective and
neuroprotective agents.

Bacterial resistance to antibiotics has led researchers to find compounds with
potential antibacterial action and/or with the ability to reverse antibiotic resistance.
Polyoxovanadates (POVs) and polyoxotungstates are inorganic based clusters that may
fulfill the need. In fact, it was report that polyoxometalates (POMs) showed the ability to
disturb microorganisms, either susceptible or resistant to antibiotics [5,6,7,15,28].
Moreover, some POMs shows antiquorum sensing and anti-biofilm activities besides being
a potent antibacterial agent against S. aureu and to exibit antiviral activities against enteric

viruses [30].

Anti-parasitic activity

* Entamoeba histolytica

* Leishmania spp.

* Trypanosoma crusi

* Trypanosoma gambiens

Anti-fungal activity

* Aspergillus flavus

* Aspergillus niger

* Candida albicans

* Candida glabrata

* Candida krusei

* Candida parapsilosis

* Candida tropocalis

* Cryptococcus neoformans
= Trichophyton longifucus
* Microscopum canis

Figure 2 - Antimicrobial activities of vanadium compounds.

Vanadium
compounds

Anti-viral activity

* Influenza virus

* DEN virus

* HIV-1/HIV-2 virus

* SARS/SARS-CoV virus

Anti-bacterial activity

Bacillus cereus

Escherichia coli
Helicobacter pylori
Klebsiella pneumoniae
Mycobacterium tuberculosis
Salmonella typhi
Staphylococcus aureus
Streptococcus pneumoniae
Streptococcus pyogenes
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5. Vanadium compounds - toxicological aspects

Vanadium is essential in trace amounts (0.05 pM) and toxic in excess (> 10 uM) [1,2].
Vanadium at the highest oxidation state (+5) is the most toxic vanadium form and
vanadium pentoxide (V205), is the most toxic form of this metal [1].

Toxicological and pharmacological aspects in animal models and humans are not
understood completely. The redox properties of vanadium are determinant to its
pharmacological effects because it can inhibit or stimulate enzymes. Many studies have
revealed at the molecular level the interaction of vanadate, POVs and organometallic
compounds containing vanadium with enzymes and revealed to have toxic activity on
these enzymes in particular by inhibiting their activity. The enzymes most studied are
phosphatases, PSPases and PTPases, kinases, glucose-6-phosphate dehydrogenase,
triphosphate diphosphohydrolases, phosphodiesterases, phosphoglucomutases and
ATPases [31].

The inhibitory effect of vanadium compounds, are observed in ion pumps such as
Na*/K+ ATPase, H*/K* ATPase and Ca?-ATPase and interestingly, decavanadate [V10Ozs]*
is a more potent Ca?-ATPase inhibitor than monomeric vanadate [32-34]. The recent study
with several POVs namely [V100z2s]> (Vio), [HsV14O38(PO4)]5~ (V1a), [V15036ClI6~ (V15) and
[V1sOxl]”- (Vis) demonstrated its inhibitory effect on three major multidrug resistance-
linked ABC transporters: P-glycoprotein (P-gp), ABCG2 and MRP1, opening the door to a
potential strategy to overcome multidrug resistance is the use of inhibitors of ABC drug
transporters [35]. In fact, POVs have been referred as polyoxometalates with several
biological activities [5,7,15], and a field rapidly growing [6]. Moreover, POVs were used in
the degradation of emmerging pollutants, pointing out that the future is bright in
environmental and biomedical research [7]. Examples of several POVs structures can be
found elswehere [5,15]. The isopolyoxovanadate decavanadate (V1o), is perhaps the most
studied in biology showing many important roles in fundamental processes
[5,6,7,12,15,29,31,33].

The mechanisms of toxicity of vanadium compounds require further experimental
work, as they have not been fully elucidated yet. Some of them have been reported to be
implicated in the adverse effects and pharmacological activities of vanadium action. For
example, the mechanisms by which vanadium compounds produce toxic effects include
oxidative stress by formation of reactive oxygen species or reactive nitrogen species,
lipoperoxidation, apoptosis, cell cycle arrest, interference with ions transport system,
inhibition of mRNA synthesis, cell morphology changes, changes in metabolic pathways,
phosphorylase enzyme inhibition and cell signaling, inhibition of viral mRNA polymerase,
inhibition of virus binding to the host cell, penetration and interaction with virus protein

cages, among others [5,6,8,15].
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6. Conclusions

Vanadium compounds have been investigated as potential therapeutic agents for the
treatment of various major health issues, including cancer, atherosclerosis, and diabetes.
The translation of vanadium-based compounds into clinical trials and ultimately into
disease treatments remains hampered by the absence of a basic pharmacological and
metabolic comprehension of such compounds.

Most studies with vanadium compounds performed in vitro have contributed to
elucidate potential sites of vanadium action. However, because the microenvironment
does not provide all metabolic pathways, toxicology and detoxification between tissues,
the effects observed in vivo are not necessarily the same.

From the biological perspective, we know that vanadium compounds have a great
potential in the treatment of many types of diseases. However, we must first recognize the
therapeutic targets and understand in detail the pharmacokinetics mechanisms and

pharmacodynamics, for help to design better and more efficient vanadium-based drugs.
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