
Vanadium Compounds as Possible Insulin Modifiers…





Vanadium in blood plasma exists in both oxidation states, balanced by oxygen tension 

and the presence of  endogenous reducing agents such as ascorbate and catecholamines. 

Physiological vanadium is largely protein bound (as are many other trace elements): to 

transferrin in plasma, to hemoglobin in erythrocytes, and to glutathione or other 

low-molecular-weight compounds intracellularly. The redox state of  vanadium, whether 

+ 4 as vanadyl, or +5 as vanadate, depends on ligands, pH, and solute concentration. 

The majority of  intracellular vanadium appears to be present as vanadyl, bound to small 

molecules or proteins, especially those containing thiol group









Insulin is a signaling hormone with numerous regulatory roles, including 

uptake of  glucose, amino acids, and fatty acids for storage as, respectively, 

glycogen in muscle and liver, proteins in muscle, and triglycerides in adipose 

tissue. Insulin also serves to counteract catabolic hormones, whose function 

is the mobilization of  these molecular forms of  stored energy. Insulin is not 

orally active. 

In diabetes, glucose uptake into peripheral tissues such as skeletal muscle 

d f  i  i i d  d l  ili i  i  h  d d  and fat is impaired, and glucose utilization in the energy-dependent 

processes within cells is abnormal.  The normal uptake and metabolism of  

l  i  di b ti i di id l  i  i iti t d b   i  f  i t ll l  glucose in nondiabetic individuals is initiated by a series of  intracellular 

reactions known as the insulin signalling cascade. 



























Toxicological ConsiderationsToxicological Considerations

The type of  toxicity most often associated with 
oral vanadium treatment is gastrointestinal, 

indicated by diarrhea and subsequent dehydration  indicated by diarrhea and subsequent dehydration. 
It has been suggested that vanadate is perhaps not 
as well tolerated as vanadyl; however, differences y ; ,

may be slight.
A number of  studies showed an unfavorable 

i l i l fil  f  di  dl  f  h  l  toxicological profile of  vanadium regardless of  the salt 
administered, whether sodium metavanadate,

sodium orthovanadate or vanadyl sulfate  with an sodium orthovanadate or vanadyl sulfate, with an 
increased incidence of  mortality and the accumulation 

of  vanadium in tissue



BUT...BUT...
Intraperitoneal administration of  the iron chelator tiron with 

l d i  STZ di b i   l d h  l i  f  oral vanadate in STZ-diabetic rats lowered the accumulation of  
vanadium in several organs but did not diminish the anti-diabetic 

efficacy of  vanadate  However  a one-year toxicology study efficacy of  vanadate. However, a one-year toxicology study 
involving vanadyl sulfate at doses of  0.16-0.71 mmol kg-1 day-1

showed not only normalized plasma glucose and lipid levels in y p g p
treated STZ-diabetic rats, but also no acceleration in the 

development of  morphological abnormalities in a variety of  
 (b  hi h l i l ) d  di  h  organs (by histopathological tests) and no outstanding changes 

in hematological parameters. 
Overall  mortality was 19% in the vanadyl-treated diabetic rats  Overall, mortality was 19% in the vanadyl-treated diabetic rats, 

compared with 60% in the untreated diabetic rats.





…Diabetes is characterized by insulin deficiency or insulin resistance. 

Because insulin cannot be absorbed intact following oral Because insulin cannot be absorbed intact following oral 

administration and must be administered parenterally, available 

therapies are cumbersome at best. Determining a therapeutic dosing therapies are cumbersome at best. Determining a therapeutic dosing 

regimen without significant toxicity for orally administered vanadium 

compounds would present a significant advance over currently available p p g y

treatments.


