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EDITORIAL

Vanadium: A Rather Unknown Trace
Element of Our Body and a Possible
Therapeutic Agent in the Future

Athanasios G. Yalouris, MD

Vanadium is a transition metal with atomic number 23 and atomic mass 50.94,
appearing in the 4™ period and the 5" group of the periodic table of elements. It is the
21 most abundant element in earth’s crust. The soil in volcanic areas as well as oil
products are rather rich in vanadium. It is also the 2" most abundant transition metal
in seawater (30-35 nM), while in drinkable water its concentration is considerably
lower (10 nM).! Vanadium is present in several foods, mainly mushrooms, shellfish,
black pepper, certain herbs (e. g. parsley, dill), commodity groups (grains and grain
products, sweeteners, infant cereals) as well as beer and wine. The usual daily intake of
vanadium is estimated as 6-18 pg. Some food supplements contain vanadium, increas-
ing its daily intake by nearly 9 pg.?

A major proportion of ingested vanadium is transformed by the alimentary tract
enzymes to vanadium oxyhydroxide (VO(OH),) which has low water solubility and so
is poorly absorbed. On the contrary, vanadate -the pentavalent vanadium ion- is much
more absorbable from mucosal membranes of the alimentary and respiratory tract and
so it may cause toxicity if present in the environment, as in some industrial working
places or old houses with lead water pipe systems.' Burning fossil fuels (coal or oil)
results in the production of vanadium oxides that can be absorbed to dust particles,
enter the human respiratory tract and be harmful for the health. The concentration
of vanadium in the air of urban areas is 2-3fold higher than in rural ones. In high
concentrations (up to 35 mg/m?) it is considered by the U.S. National Institute for
Occupational Safety and Health as highly toxic or even lethal.?

In human blood, vanadium binds to serum proteins and is rapidly transferred to
several organs, including the brain. It is mainly eliminated by the kidneys and, as ex-
pected, is accumulated in patients with renal failure.* As an atom, vanadium shares a
few common characteristics with phosphorous, but there exists a surprising similarity
in the structure of vanadate ion to that of phosphate. This similarity seems to explain
their antagonism in several molecules and the ability of vanadate to substitute phos-
phate in various protein molecules, therefore modifying their function. Some charac-
teristic examples of such a substitution are the apatite of the bones or some enzymes,
including phosphatases or kinases. The result of phosphate substitution by vanadate
is inhibition of these enzymes and this is a very important mechanism for its biological
-therapeutic or toxic- effects.”

A physiological role of vanadium has been found in a restricted number of bacteria
(e. g. some ocean algae) where it acts as an active center of some enzymes or as elec-
tron acceptor in respiration procedures.” Some interest in a possible pharmacological
role of vanadium in humans has been raised since the end of the 19th century. Up-to-
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date it has been discussed as possibly effective against several
metabolic, infectious or malignant diseases but it has not yet
been approved in clinical practice.

The most promising field seems to be its possible anti-
diabetic effect. Vanadium is believed to exert its action by
interfering with the insulin receptor. This is a trans-membrane
receptor consisting of two subunits, an extracellular () and an
intracellular (). Insulin is connected to the o subunit and this
results in the phosphorylation of the tyrosine residues of the
[ subunit. This phosphorylation gives a signal to the glucose
transporter GLUT4 and so glucose enters the cell. Whenever
there is insulin insufficiency -either due to defective secretion
by the pancreas or to insulin resistance- a protein tyrosine
phosphatase present in the cytoplasm dephosphorylates the
[ subunit and so prevents the activation of GLUT4. Vanadate
has the ability to be strongly attached to the protein tyrosine
phosphatase molecule and inhibit its action. The result is an
increased insulin effect on the cell.

The antidiabetic effect of vanadium was first shown in a
study in rats with streptozotocin-induced diabetes which ap-
peared in 1985.° Since then, a considerable number of experi-
mental data has shown that vanadium compounds may increase
insulin sensitivity, reduce serum glucose in diabetic animals,
prevent cardiac complications and improve diabetic nephropa-
thy. Several inorganic and organic vanadium compounds have
been studied in order to achieve better bioavailability and
less toxicity. Among them, two complex organic compounds,
bis (maltolato) oxovanadium (IV) and bis (ethylmaltolato)
oxovanadium (IV), seem to be very promising.®

One of the first clinical studies on the subject, published
in 1996, concerned eight patients with non-insulin-dependent
diabetes mellitus who received 50 mg of vanadyl sulfate twice
daily for 4 weeks. The drug in this dose was well tolerated,
except for temporary gastrointestinal symptoms. Its effect
was estimated with several methods, including euglycemic-
hyperinsulinemic clamps. There was a 20% decrease in fasting
glucose concentration and a decrease in hepatic glucose output
during hyperinsulinemia, indicating decreased hepatic insulin
resistance.” More recent clinical trials in humans showed lower
glucose and hemoglobin A;c values in type 2 diabetic patients
and decreased exogenous insulin demands both in type 1 and
type 2 insulin-treated diabetics, without any hypoglycemic
episodes.® It is interesting that such an effect was obtained
without increasing C-peptide levels in type 1 diabetics, mean-
ing that insulin excretion was not increased -a fact that would
not be expected in these patients whose pancreatic beta cells
function is seriously disturbed- but the action of the exist-
ing hormone was enhanced.® This finding is consistent with
the aforementioned possible mode of action of vanadium at
cellular level. However, all these studies were performed in
limited numbers of patients and need to be further confirmed
with more extended projects.
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There are also some findings indicating a positive effect of
vanadium products in lipid metabolism. In one study, serum
cholesterol levels significantly decreased in type 2 diabetic
patients by 24% after sodium metavanadate administration.®
Another in vitro study has shown an insulin-like action of an
organic vanadium compound in human adipocytes obtained
from overweight women undergoing plastic surgery. It actually
inhibited lipolysis and activated glucose transport, thus indi-
cating a possible protective role against lipotoxicity in insulin
resistant subjects.” An epidemiologic study from China, recruit-
ing 533 vanadium exposed workers and 241 non-exposed work-
ers from a Steel and Iron Group, showed significantly higher
levels of HDL-cholesterol and apoprotein A-I as well as lower
atherogenic indexes (total cholesterol/HDL-cholesterol, LDL-
cholesterol/HDL-cholesterol, and apoprotein B/apoprotein
A-I) in the former group. It was concluded that occupational
vanadium exposure may offer an antiatherogenic protection.?’
Some other studies have also supported a beneficial effect of
vanadium on lipid metabolism.®

Organic vanadium compounds have shown neuroprotec-
tive effects in several central nervous system injury models. In
rats with experimentally induced cervical unilateral contusive
spinal cord injury, administration of vanadium offered sig-
nificant neuroprotection and clinical improvement which was
attributed to reduced motor neuron death, increased tissue
sparing, and minimized cavity formation.'!

Several vanadium compounds have been discussed as pos-
sibly active against infectious agents. There is some evidence
for their effectiveness in cases of parasitic (leishmaniasis, Cha-
gas disease, amebiasis), bacterial (e. g. tuberculosis) and viral
(e. g. AIDS) diseases. A suggested mode of action is through
formation of radicals, such as superoxide and nitrous oxide.
A limited number of studies has shown in vitro antineoplastic
effects of complex vanadium compounds against cell cultures
from osteosarcoma, renal and cervical cancer.?

Another point of interest on vanadium is connected to a
possible anti-inflammatory action. The effect of some types
of cytokines -which play a crucial role in immunological
mechanisms- is dependent on phosphorylation procedures
catalyzed by protein tyrosine phosphatases. Vanadium acts as
a pan-inhibitor of this enzyme superfamily.’? This effect might
prove useful in preventing adipose tissue inflammation and
development of type 2 diabetes in obese subjects. Through
the same enzymic inhibition, a complex organic vanadium
compound has also been found to inhibit in vitro the forma-
tion of d-dimers and prevent hypercoagulation states.? So, it
has been suggested that because of a combination of antiviral,
anti-inflammatory and anticoagulant properties some vana-
dium compounds should be tried as an additional treatment
in patients with a COVID-19 infection.®

The introduction of vanadium products in clinical practice,
however, has delayed due to references of more serious side
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effects than the usual gastrointestinal symptoms, including
hepatotoxicity, nephrotoxicity and neurotoxicity. There is a
hope that some modifications in the structure of the vanadium
compounds or the route of its administration (e.g. through
nanoparticles) may significantly reduce its toxicity and permit
a better utilization of its pharmacologic abilities.®

In conclusion, vanadium seems to have some biologically
interesting properties that may prove useful in the future.
The most promising fields are enhancement of insulin action
and anti-inflammatory activity. The selection of most suitable
vanadium compounds together with large and well-constructed
clinical trials are the next necessary steps in that effort.

REFERENCES

1. Institute of Medicine (US) Panel on Micronutrients. Dietary
Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Copper, lodine, Iron, Manganese, Molybdenum,
Nickel, Silicon, Vanadium, and Zinc. Available at: https://www.
ncbi.nlm.nih.gov/books/NBK222322/. Accessed December 28,
2021.

2. Rehder D. The role of vanadium in biology. Metallomics 2015;
7:730-742.

3. U.S. Department of Labor. Occupational safety and health
guideline for vanadium pentoxide dust. Available at: https://
web.archive.org/web/20090106063227/http://www.osha.gov/
SLTC/healthguidelines/vanadiumpentoxidedust/recognition.
html. Accessed at January 3, 2022.

4. Filler G, McIntyre C. Chromium: Rise and Shine in Peritoneal
Dialysis Patients? Perit Dial Int 2019;39:320-322. doi: 10.3747/
pdi.2019.00013.

5. Heyliger CE, Tahiliani AG, McNeill JH. Effect of vanadate
on elevated blood glucose and depressed cardiac performance
of diabetic rats. Science 1985; 227:1474-1477. doi: 10.1126/

10.

11.

12.

13.

science.3156405.

. Semiz S. Vanadium as potential therapeutic agent for COV-

ID-19: A focus on its antiviral, antiinflamatory, and antihyper-
glycemic effects. J Trace Elem Med Biol 2022; 69:126887. doi:
10.1016/j.jtemb.2021.126887.

. Boden G, Chen X, Ruiz J et al. Effects of vanadyl sulfate on

carbohydrate and lipid metabolism in patients with non-insulin-
dependent diabetes mellitus. Metabolism 1996;45:1130-1135.
doi: 10.1016/s0026-0495(96)90013-x.

. Goldfine AB, Simonson DC, Folli F et al. Metabolic effects of

sodium metavanadate in humans with insulin-dependent and
noninsulin-dependent diabetes mellitus in vivo and in vitro
studies. J Clin Endocrinol Metab 1995; 80:3311-3320, doi:
10.1210/jcem.80.11.7593444.

. Carpéné C, Garcia-Vicente S, Serrano M et al. Insulin-mimetic

compound hexaquis (benzylammonium) decavanadate is an-
tilipolytic in human fat cells. World J Diabetes 2017; 8:143—153.
doi:10.4239/wjd.v8.i4.143.

Zhang Y, Zhang Q, Feng C et al. Influence of vanadium on
serum lipid and lipoprotein profiles: a population-based study
among vanadium exposed workers. Lipids Health Dis 2014;
13:39. doi:10.1186/1476-511X-13-39.

Walker CL, Walker MJ, Liu N-K et al. Systemic Bisperoxo-
vanadium Activates Akt/mTOR, Reduces Autophagy, and
Enhances Recovery following Cervical Spinal Cord Injury.
PLoS ONE 2012; 7:¢30012. https://doi.org/10.1371/journal.
pone.0030012.

Irving E, Stoker AW. Vanadium Compounds as PTP Inhibitors.
Molecules 2017; 22:2269. doi: 10.3390/molecules22122269.
Gundhla 1Z, Walmsley RS, Ugirinema V et al. pH-metric
chemical speciation modeling and studies of in vitro antidiabetic
effects of bis [(imidazolyl) carboxylato] oxidovanadium (IV)
complexes. J Inorg Biochem 2015; 145:11-18. doi: 10.1016/j.
jinorgbio.2014.12.019. Epub 2014 Dec 27.

49



