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ABSTRACT

Insulin resistance syndrome, also referred to as the metabolic syndrome or syndrome X, refers to a
constellation of common metabolic and cardiovascular disorders (e.g. obesity, type 2 diabetes mellitus,
hypertension, and dyslipidemia), which are all cardiovascular risk factors. Insulin resistance can be
induced by fructose-rich diet in rats. We investigated the effect of vanadyl sulfate (0.2 mg/ml in
drinking water for 7 days) on glucose, triglyceride, and plasma insulin levels in male Wistar rats that
were fed with fructose-rich diets. Control rats were fed with standard chow for 7 days. The animals
were divided into three groups: fructose-fed rats, fructose fed-vanadyl sulfate treated rats, and control
rats. Fasting plasma glucose levels of the three groups were comparable (p>0.05). Fasting plasma
insulin increased in the fructose-fed rats (190 ± 6.3 pM vs. control rats 83.06 ± 3.3 pM, p<0.001),
likewise, plasma triglyceride significantly increased in fructose-fed rats (394.0 ± 25.8 vs. control rats
98.63 ± 6.7, p<0001). Vanadyl sulfate treatment prevented the increase in plasma insulin levels in the
fructose fed-vanadyl treated rats (78.9 ± 5.1 pM vs. fructose fed-groups, p<0.001). Also vanadyl sulfate
treatment significantly decreased plasma triglyceride levels (116.43 ± 6.7 vs. fructose-fed rats,
p<0.001). Furthermore, fructose-fed groups had higher fasting insulin resistance index (FIRI: p<0.001)
than control rats. In contrast, vanadyl sulfate significantly decreased FIRI in the fructose fed- vanadyl
treated groups (p<0.001) compared with fructose- fed animals. These results indicate that
administration of low doses of vanadyl sulfate may be advantageous for preservation of the functional
characteristics of pancreatic beta cells, probably by improving insulin action and thereby insulin
resistance prevention. Iran. Biomed. J. 7 (4): 179-182, 2003

Keywords: Insulin resistance, Vanadyl sulfate, Diabetes mellitus, Fasting insulin resistance index (FIRI), Triglyceride

INTRODUCTION

nsulin resistance is a metabolic disorder that is
increasing worldwide and plays a role in the
pathophysiology of the most common human

diseases including type 2 diabetes mellitus,
hypertension, obesity, dyslipidemia and coronary
heart disease [1]. The insulin resistant state is
commonly associated with lipoprotein abnormalities
that are risk factors for atherosclerosis, including
hypertriglyceridemia, high levels of very low
density lipoprotein (VLDL), low levels of high-
density lipoprotein cholesterol [2], and small, dense
LDL [3]. These metabolic abnormalities together
with hypertension and type 2 diabetes mellitus may

cluster in the same individual, consisting a
syndrome referred to as the metabolic syndrome X
[4].

Type 2 diabetes mellitus or non-insulin-dependent
diabetes mellitus (NIDDM) is characterized by
progressive impairment of glucose homeostasis and
sensitivity to insulin, particularly in skeletal muscle
and liver [5]. Oral drug therapy aimed at controlling
hyperglycemia in NIDDM often fails, and most
patients require insulin treatment late in the course
of the disease. This progressive deterioration in
glucose metabolism is due, in part, to worsening
insulin sensitivity, which may be ameliorated by the
glucose-lowering effect of exogenous insulin
therapy, but a number of side effects and
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complications accompany insulin therapy [6].
Therefore, agents, which could augment insulin
sensitivity at the level of muscle and liver, may be
useful in the treatment of insulin resistance in type 2
diabetes mellitus.

Recently the insolinomimetic properties of
vanadium compounds have been documented in
vitro and in vivo [7]. Vanadium is an ultra-trace
element in mammals, and although several studies
suggest that it is essential, at least in chicks and rats,
its precise role in mammalian biology remains
unknown [8]. Among its several biologic effects,
vanadium has been shown to stimulate glucose
uptake, glycogen synthesis, and glucose oxidation
in adipose cells and in skeletal muscle [9].
Vanadium treatment also increased the basal
activity of the insulin receptor tyrosine kinase [10].
Taking into account these observations, to ascertain
whether treatment with vanadium could prevent
insulin resistance-induced by fructose-enrich diet in
Wistar rats, we undertaken to study the acute effects
of small oral doses of vanadyl sulfate in insulin
resistant animal models. Vanadyl sulfate was
chosen because it is a form of vanadium that is less
toxic than other forms such as vanadate [11, 12].

MATERIALS AND METHODS

Materials.  Vanadyl sulfate (VOSO4) was
purchased from Merck Co. (Germany) and other
chemicals were of analytical grade.

Assays.  Plasma glucose and triglyceride
determination were performed on an Auto Analyzer
(Tecnichon Co. USA). Plasma insulin level was
determined in duplicate using a double-antibody
radioimmunoassay technique (Europe SA, Co.
Belgium).

Animals and preparations. Eight-week-old male
Wistar rats weighting 200-220 g were purchased
from the Pasteur Institute of Iran (Tehran). Each
group of rats was separately housed in a cage and
had free access to water and food.  Insulin
resistance was induced in the rat by fructose-rich
diet [13]. This diet contained 66% fructose, 20%
casein, 12% soybean oil, 0.02% cholesterol, 0.7%
necessary amino acids, and 1.28% vitamins and
minerals [14]. Control rats were fed with standard
laboratory chow (Pars Dam Co., Iran). At the
beginning of the experiment, rats were divided into
three groups: fructose fed rats (n = 10); fructose
fed-vanadyl sulfate treated rats (n = 10), and control
rats (n = 8). The control and fructose fed rats

receiving tap water, and fructose fed-vanadyl
sulfate-treated rats receiving tap water
supplemented with 0.2 mg/ml vanadyl sulfate that
was prepared freshly every day. The treatment was
carried out for 7 days. At the end of the treatment
period (after an overnight fasting), blood samples
were collected from retro-orbital plexus using
microhematocrit tubes in liquid lithium heparin
anti-coagulant and immediately centrifuged at 1,000
× g for 15 min. Plasma was removed to measure
glucose, triglyceride and insulin.

Insulin resistance calculation.  Fasting insulin
resistance index (FIRI) were calculated according to
the formulas:

            fasting insulin × fasting glucose  
                                  25
and
            fasting insulin
            fasting glucose

Statistical data analysis.  Results were expressed
as mean ± SEM. To confirm the normal
distribution, the data were analyzed by one sample
Kolmogorov-Smirnov's test and then by Levene's
test and independent-samples student’s t-test.
Significance level was set at  p<0.05. All statistical
analysis was performed using SPSS 9.0 for
windows software system.

RESULTS

The effects of fructose feeding and vanadyl
sulfate drinking on plasma glucose, triglyceride, and
insulin level are shown in Table 1. The insulin
resistance indices of different rat group are shown
in Table 2. As shown in Table 1, fasting plasma
glucose concentration of the three groups were
comparable (p>0.05) at the end of the treatment
period. The treatment did not affect the plasma
glucose levels in any group. In contrast, plasma
level of triglyceride significantly increased in
fructose-fed groups compared to control rats
(p<0.001). In addition, plasma triglyceride
significantly decreased in fructose fed–vanadyl
treated rats compared to fructose-fed group
(p<0.001).  Fasting plasma insulin increased in the
fructose-fed rats compared to control rats (p<0.001).
Vanadyl sulfate treatment prevented the increase in
plasma insulin levels in the fructose fed-vanadyl

FIRI =

FIRI =
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Table 1. Plasma glucose and insulin levels in the experimental rats (after 7 days). Values are mean ± SEM. Comparisons were
made by independent samples student’s t-test.

Animal groups Fasting plasma glucose (mg /dl) Fasting plasma insulin (pM) Fasting plasma 1TG (mg /dl)
Control (n = 8) 80.6 ± 6.7 83.06 ± 3.3                   98.63 ±   6.7
2F-F (n = 10) *86.5 ± 6.1 ** 190.04 ± 6.2 ** 394.00 ± 25.8
3FF-VT (n = 10) *82.3 ± 6.2 ***78.90 ± 5.1 ***116.43 ± 10.0

 * P>0.05,  **p<0.001, compared to control rats. ***p<0.001, compared fructose-fed rats. 1TG = Triglycerides, 2F-F = Fructose-fed,
3FF-VT = fructose fed-vanadyl treated.

treated rats, and therefore had significant effect on
plasma insulin levels compared to fructose-fed
groups (p<0.001). In other word, in fructose fed-
vanadyl treated rats, the plasma insulin levels
reached those of the normoinulinemic control
animals (p>0.05).

On the other hand, fructose-fed groups had higher
fasting insulin/fasting glucose ratio (p<0.001) and
higher FIRI (p<0.001) than control rats (Table 2). In
addition, vanadyl sulfate significantly decreased
fasting insulin/fasting glucose ratio (p<0.001) and
FIRI in the fructose fed-vanadyl treated groups
(p<0.001) compared with fructose-fed animals.
Vanadyl sulfate corrected insulin resistance indices,
and therefore in fructose fed vanadyl-treated rats the
fasting insulin/fasting glucose ratio and FIRI
reached those of the control rats (p>0.05).

Table 2. Insulin resistance indeices (fasting insulin/fasting
glucose and FIRI) in experimental rats (after 7 days). Values
are mean ± SEM. Comparisons were made by independent
samples student’s t-test.

Animal groups Fasting insulin/
fasting glucose

1FIRI

Control (n = 8) 1.03 ± 0.07 267.8 ± 28.5
2F-Fed  (n = 10) *2.20 ± 0.30 *657.4 ± 54.4
3FF-VT (n = 10) **0.96 ± 0.08 ** 259.7 ± 27.8

*p<0.001, compared to control rats. **p<0.001, compared to
fructose-fed rats. 1FIRI = (fasting insulin × fasting glucose)/25;
2F-F = Fructose-fed; 3FF-VT = fructose fed-vanadyl treated.

DISCUSSION

The present study shows that fructose-induced
significant hyperinsulinemia and hyper-
triglyceridemia in fasting rats (Table 1). The
previous studies carried out in rats and other rodents
(e.g., hamster) indicated the same results [13]. An
adverse effect of fructose on insulin sensitivity of
the rat is well-established. This phenomenon is
believed to be related to the hypertriglyceridemic
effect of fructose [15]. Also, results of present study
indicate that fructose-induced hypertriglyceridemia
is associated with significant hyperinsulinemia.
Fructose feeding stimulates the hepatic production

of triglycerides, both by promoting the
reesterification of circulating non-esterified fatty
acids and by stimulating de novo fatty acid
synthesis [16]. Increased delivery of triglycerides or
non-esterified fatty acids to the muscle interferes
with the utilization of glucose, through the
principles of Randle cycle [17], impairing the
insulin action. In contrast, three groups had
comparable plasma glucose concentration, and the
treatment did not affect plasma glucose levels in
any group. In addition, our results showed that
fructose-fed groups had higher fasting
insulin/fasting glucose ratio (p<0.001) and higher
FIRI (p<0.001) than control groups (Table 2).

Administration of Vanadyl sulfate (0.2 mg/ml in
drinking water for 7 days) in fructose-fed rats
significantly decreased plasma insulin, triglyceride,
fasting insulin/fasting glucose ratio, and FIRI
(p<0.001,vs. fructose-fed rats) without any change
in plasma glucose levels. Therefore, the available
information strongly supports the close
interrelationship between insulin resistance and
hypertriglyceridemia [18]. These findings
demonstrated that, enhancement of the sensitivity of
target tissues to circulating insulin by vanadyl
sulfate, might be related to lowering the plasma
triglyceride.

Previous studies have shown that salts of the trace
element vanadium, such as sodium orthovanadate
and vanadyl sulfate, exhibit insulin-like effects,
including stimulation of glycogen synthesis and
improvement of glucose homeostasis in type 1 and
type 2 animal models of diabetes mellitus [19].
However, the cellular mechanism by which these
effects are mediated remains poorly characterized.
Actually, high levels of blood circulating
triglyceride interferes with insulin action due to its
receptor [15], therefore our data demonstrate that
the improvement of physiological insulin action and
prevention of insulin resistance by vanadyl ion is
due, in part, to increase insulin receptor binding.
These findings do not agree with those reported by
Pandey et al. [20], that showed vanadium salts
ameliorated glucose homeostasis in diabetic rats and
several isolated cell types, is independent of insulin
receptor. Because of lake of any toxicity of
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vanadium at low doses [11], therefore in future this
trace element may come into use as a new drug for
the management of diabetes patients.

In conclusion, our results shows that
administration of low dose of vanadyl sulfate may
be advantageous for preservation of the functional
characteristic of pancreatic β cells, probably by
improving insulin action and thereby prevent insulin
resistance induction. However, further studies are
needed to establish the safety and effectiveness of
vanadyl ion in diabetes mellitus.
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