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BACKGROUND: Diabetes mellitus is one of the leading causes of
illness and death in North America. Cardiovascular diseases are a
common secondary complication in the diabetic population. One of
the important risk factors identified for the development of cardio-
vascular disease is an elevation in the sulfur amino acid, homocys-
teine. Although the exact mechanism(s) that underlie the
relationship between elevated plasma homocysteine levels and car-
diovascular disease remain unclear, it has been suggested that
endothelial dysfunction produced by modestly elevated blood homo-
cysteine concentrations may account for an increased risk of both
arterial and venous occlusive disease.
OBJECTIVES: The present study examined the effects of three- and
eight-weeks bis(maltolato)oxovanadium(IV) (BMOV) treatment on
plasma concentrations of homocysteine and cysteine in both control
and streptozotocin (STZ) diabetic rats.
METHODS: Diabetes was induced in male Wistar rats by a single
intravenous injection of STZ (60 mg/kg) in normal saline. Control
animals received normal saline only. Animals were further random-
ized into treated and untreated groups. Treated animals received

BMOV orally, dissolved in tap water, while untreated animals only
received tap water. Three or eight weeks postinduction of diabetes,
blood samples were obtained by cardiac puncture from the animals.
Plasma harvested from each blood sample was used to determine glu-
cose, insulin, homocysteine and cysteine concentrations.
RESULTS: There was a significant decrease in plasma homocysteine
levels in the diabetic (three- and eight-week study) groups compared
with their respective controls (three-week study: diabetic group
3.1±0.7 µmol/L and control group 6.1±0.7 µmol/L; eight-week study:
diabetic group 4.3±0.5 µmol/L and control group 6.9±1.0 µmol/L).
Plasma cysteine levels were significantly decreased in the diabetic and
diabetic treated groups (eight-week study) compared with their respec-
tive control groups (diabetic group 90.2±32.3 µmol/L and control group
177.9±36.7 µmol/L). BMOV treatment restored plasma homocysteine
concentrations in diabetic animals to concentrations found in nondia-
betic animals.
CONCLUSIONS: Taken together, these findings suggest that STZ-
induced diabetes may result in decreased plasma homocysteine and
cysteine levels and that BMOV treatment may increase plasma homo-
cysteine concentrations to nondiabetic concentrations. These results
may provide further insight on how this insulin-enhancing/mimetic
agent modifies plasma homocysteine metabolism.
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Diabetes mellitus is one of the leading causes of illness and
death in North America. Cardiovascular diseases are a

common secondary complication in the diabetic population
(1-3). Developments of cardiovascular disease and abnormali-
ties in heart and vascular function have been widely reported
in both experimental and clinical diabetes (4-6).
Cardiovascular dysfunction has a complex etiology, such as
macro- (4) and microangiopathy (5), and a cardiomyopathy
specific to the diabetic condition (6,7). Cardiomyopathy
results in an impaired force of contraction, delayed relaxation
and inappropriate ventricular filling (8,9). Studies conducted
by McNeill et al (10) and others (11,12) have shown the pres-
ence of cardiovascular disease and heart dysfunction in both
chemically induced and spontaneously diabetic rats similar to
that observed in diabetic patients.

Homocysteine is a sulfur amino acid that has been recog-
nized as an important risk factor for the development of car-
diovascular disease (13). However, as early as 1969, McCully
(14) published a report where he observed a child suffering
from homocystinuria exhibited arterial lesions that were
strikingly similar to those in patients with cystathionine beta-
synthase deficiency. This observation led to the hypothesis
that elevated plasma homocysteine concentrations found in
patients with homocystinuria was responsible for the develop-
ment of premature occlusive vascular disease (13,14). Since
this important observation, numerous reports have been pub-
lished linking an elevation in plasma homocysteine levels to
the increased incidence of vascular disease (15-19).

Although the exact mechanism(s) that underlie the rela-
tionship between elevated plasma homocysteine levels and
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cardiovascular disease remain unclear, several possible mecha-
nisms have been postulated. Bellamy and McDowell (20) have
suggested that endothelial dysfunction produced by modestly
elevated blood homocysteine concentrations may account for
an increased risk of both arterial and venous occlusive disease.
Specifically, they speculated that excessive blood homocysteine
may impair the release and/or action of nitric oxide in response
to blood flow, causing smooth muscle cell proliferation, extra-
cellular matrix modification and lipoprotein oxidation; in par-
ticular, changes in cellular reduction and oxidation status.
Although homocysteine does not appear to modify circulating
coagulation factors, it may indirectly promote enhanced throm-
bin production by its effects on the endothelium.

An elevation in homocysteine levels in type I diabetic
patients appears to be dependent on the presence or absence of
nephropathy (21). Diabetic patients with renal dysfunction
exhibit elevated plasma homocysteine levels due to the
decreased renal clearance of homocysteine (22-24).
Conversely, type I diabetic patients with normal renal function
have lower plasma homocysteine levels (25). Jacobs and col-
leagues (26) reported that this decrease in plasma homocys-
teine levels is a result of an increase in the activities of hepatic
trans-sulfuration enzymes (eg, cystathionine beta-synthase and
cystathionine gamma-lyase) which are involved in the catabo-
lism of plasma homocysteine. They further reported that this
decrease in plasma homocysteine levels could be prevented
when diabetic rats received insulin (26).

Vanadium is a group Va transition element that has been
shown to improve glucose homeostasis and preserve insulin
reserves in different animal models of diabetes mellitus (27-31).
Bis(maltolato)oxovanadium(IV) (BMOV) is an organic vana-
dium compound (32) which has been shown to be two to three
times more potent than inorganic vanadium (33). Previous
studies have reported that BMOV treatment (0.75 mg/mL) in
drinking water over a 25-week period resulted in the accumula-
tion of vanadium in bone, kidney, liver, muscle and fat, without
any mortality. BMOV treatment reduced plasma glucose, glyco-
sylated hemoglobin, triglycerides and cholesterol in diabetic-
treated rats compared with controls. More significantly, BMOV
therapy prevented the development of the heart dysfunction
commonly associated with streptozotocin (STZ)-induced dia-
betic rats (27-33).

Because abnormalities in plasma homocysteine levels are
an independent risk factor for the development of cardiovac-
ular disease and BMOV treatment appears to prevent the
development of cardiomyopathy, the purpose of the present
study was to examine the effects of BMOV on plasma con-
centrations of homocysteine and cysteine in both control and
STZ diabetic rats. Based on earlier work, which showed that
insulin treatment increased plasma homocyteine levels to nor-
mal in the diabetic rat (26), the present study was intended to
determine the effects of BMOV under similar experimental
conditions.

MATERIALS AND METHODS
Experimental protocols
Male Wistar rats, weighing 190 g to 220 g were obtained from
Charles River Laboratories (Canada). All animals used in the
present study were cared for in accordance with the principles and
guidelines published by the Canadian Council on Animal Care
and the University of British Columbia. Rats were housed individ-
ually in the treated groups and in pairs in the control groups, on a

12 h light, 12 h dark schedule and given food (PMI Feeds, USA)
and fluid ad libitum.

Three weeks treatment with BMOV
Thirty-six male Wistar rats were randomly divided into two
groups: control and diabetic. Experimental diabetes was induced
by a single intravenous injection of STZ (60 mg/kg; Sigma
Chemical Co, USA) in 0.9% normal saline into the tail vein
under light halothane (Fluothane, Ayerst Laboratories, Canada)
anesthesia. The control group received an equivalent volume of
normal saline. Three days after STZ injection, rats with blood glu-
cose levels higher than 14 mmol/L were considered diabetic. One
week after STZ injection, control and diabetic rats were divided
into further subgroups: control (C, n=8), control treated with
BMOV (CT, n=8), diabetic (D, n=10) and diabetic treated with
BMOV (DT, n=10). The treatment solution was prepared by dis-
solving BMOV in tap water. Treatment solutions were prepared
fresh every two days. An initial BMOV concentration of
0.25 mg/mL in the drinking water was increased to a maximum of
1 mg/mL, in 0.25 mg/mL increments every three days. The average
daily dose of BMOV was 0.25±0.01 mmol/kg/day in control animals
and 1.58±0.38 mmol/kg/day in diabetic animals. Untreated ani-
mals received tap water only. Body weights and food and fluid
intakes were measured daily during the study.

After three weeks of treatment with BMOV, rats were anes-
thetized with an overdose of pentobarbital sodium (65 mg/kg,
intraperitoneal). Blood was collected by cardiac puncture for
measurements of plasma glucose, insulin, homocysteine and cys-
teine. For each 5 mL of whole blood collected 0.2 mL of heparin
10,000 U/mL (Benson Medical, Canada) was added. Heparinized
whole blood was centrifuged (10,000 g, 25 min, 4°C), plasma was
recovered and stored at –20°C until assayed. Five millilitres of
blood were taken to obtain adequate plasma for subsequent
analysis.

Eight weeks treatment with BMOV
Thirty-six male Wistar rats were randomly divided into two
groups: control and diabetic. Induction of diabetes and assess-
ment of the diabetic state were carried out as described above.
One week after STZ injection, control and diabetic rats were
divided into further subgroups: control (C, n=8), control treated
with BMOV (CT, n=8), diabetic (D, n=10) and diabetic treated
with BMOV (DT, n=10). BMOV solution preparation treatment
was as described above, except that the experimental period was
increased to a total of eight weeks. The average daily dose of
BMOV was 0.29±0.04 mmol/kg/day in control animals and
0.35±0.05 mmol/kg/day in diabetic animals. Untreated animals
received tap water only. Terminating procedures were as
described above.

Plasma parameters
Glucose and insulin quantification: Plasma glucose (mmol/L)
levels were measured using a Beckman Glucose Analyzer 2
(Beckman Instrumentals Inc, USA). Plasma insulin (pmol/L)
levels were determined by radioimmunoassay using kits obtained
from Cedarlane Laboratories Ltd (Canada).
Homocysteine and cysteine quantification: Total plasma homo-
cysteine and cysteine (µmol/L) (ie, the sum of reduced, oxidized
and protein-bound forms) levels were determined using a high
performance liquid chromatography methodology previously
described by Fortin and Genest (34).



Statistical analysis. Plasma glucose, insulin, homocysteine and cys-
teine levels were compared between animal groups using a two-way
analysis of variance (Number Cruncher Statistical System, USA)
followed by a Newman-Keuls test. P<0.05 was taken as level of sig-
nificance. Values are expressed as the mean ± SEM.

RESULTS
The general characteristics for the experimental groups are
summarized in Table 1. At the end of the both studies (three
weeks and eight weeks), body weights were significantly lower
in the diabetic and BMOV-treated diabetic groups compared
with the control group.

Fluid intake was significantly higher in the diabetic groups
(both studies) compared with the control groups, but was not
different among the diabetic treated, control treated and con-
trol groups (both studies). In both studies, significantly higher
food consumption was noted in the diabetic groups of animals
compared with the control group, while diabetic treated and
control treated groups were not different from the respective
control groups (Table 1).

STZ injection resulted in a profound increase in plasma glu-
cose concentration (Figure 1) and a significant decrease in
plasma insulin (Figure 2) levels in Wistar rats. BMOV treat-
ment in both the three- and eight-week diabetic groups
reduced glucose to control levels (Figure 1). There was no dif-
ference in plasma glucose levels (Figure 1) in control and con-
trol treated groups (three-week study and eight-week study).
Plasma insulin levels were significantly lower in all diabetic
groups than in controls (Figure 2). There was no effect of dura-
tion of diabetes or BMOV treatment on plasma insulin levels
in diabetic animals (Figure 2). There was a significant lowering
of insulin values in the three-week control treated animals
(Figure 2).

There was a significant decrease in plasma homocysteine
concentrations in the diabetic groups (three- and eight-week
study) compared with their respective controls (Figure 3).
Plasma cysteine concentrations were significantly decreased in
the diabetic and diabetic treated groups (eight-week study)
compared with their respective control groups (Figure 4).
While there is an apparent decrease in CT cysteine levels at

three weeks, there was no statistically significant difference at
either three or eight weeks (Figure 4).

DISCUSSION
Previous studies have shown vanadium compounds improved
insulin sensitivity (35). BMOV is an organic vanadium com-
pound, which has been postulated to be an insulin
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Figure 1) Plasma glucose concentration (mean ± SEM) in three-week
and eight-week control and streptozotcin diabetic rats before (Basal) and
following (Termination) bis(maltolato)oxovanadium(IV) (BMOV)
treatment. C Nondiabetic control; CT Nondiabetic animals treated with
BMOV; D Nontreated diabetic animals; DT Diabetic animals treated
with BMOV. *Different from basal values (P<0.05)

TABLE 1
General characteristics of animals in different treatment
groups

Control Diabetic 
Control treated Diabetic treated 

Parameters (C) (CT) (D) (DT)
Body weight 3 weeks 408±4 373±4 345±3* 347±6*

(g) termination
8 weeks 464±14 426±12 360±8* 350±12*

termination
Fluid intake 3 weeks 65±2 40±2 323±7* 52±4

(mL/day) termination
8 weeks 75±2 59±3 299±10* 62±5

termination
Food intake 3 weeks 32±1 29±1 63±1* 30±1

(g/day) termination
8 weeks 34±1 32±1 60±1* 33±1

termination

Values are presented as the mean ± SEM. Statistical analysis was completed
applying Newman-Keuls test. *Significantly different from control group
(P<0.05)

Figure 2) Plasma insulin concentration (mean ± SEM) in three-week
and eight-week control and streptozotocin diabetic rats before (Basal) and
following (Termination) bis(maltolato)oxovanadium(IV) (BMOV)
treatment. C Nondiabetic control; CT Nondiabetic animals treated with
BMOV; D Nontreated diabetic animals; DT Diabetic animals treated
with BMOV. *Different from basal, week 3 values



mimetic/enhancing agent. The insulin-enhancing effect of
BMOV (36,37) was confirmed by the significantly lower plasma
glucose levels (Figure 1) in three- and eight-week diabetic
treated groups. The improvement in glucose homeostasis with
BMOV treatment occurred independently of any increase in
plasma insulin levels (Figure 2).

BMOV treatment had no effect on body weight up to eight
weeks of treatment in control animals, unlike inorganic vana-
dium (38,39). The three- and eight-week diabetic-induced
hyperphagia and polydipsia associated with elevated plasma
glucose levels were corrected with vanadium treatment.
Malabu at al (40) have suggested that in STZ diabetic rats,
the glucose-lowering effects of vanadium are a consequence
of a reduction in food intake. However, other studies have
dissociated the glucose-lowering effects of vanadium from
changes in food intake in STZ diabetic rats (41-43). These
studies indicate that the reductions in food and fluid intake
are associated with a correction in hyperglycemia. In the
three-week study, there was a large variability in plasma
insulin levels in the control groups. However, extensive work
done with vanadium compounds has clearly shown a signifi-
cant decrease in plasma insulin levels in control animals,
which has been related to an increase in insulin sensitivity in
these animals (9-12).

Further studies have demonstrated that elevated plasma
homocysteine concentrations are a strong indicator of cardio-
vascular disease (15-19). An elevation in homocysteine levels
appears to be dependent on the presence or absence of
nephropathy (21). Audelin and Genest (44) showed that the
relative hyperfiltration secondary to renal hyperperfusion,
which occurs in early diabetes, might lead to increased homo-
cysteine catabolism. These data may explain the lower than
normal plasma homocysteine levels in diabetic patients.
Previous studies by our group (27-33) have suggested that

BMOV exhibits insulin-mimetic and -enhancing activity.
Jacobs and colleagues (26) have demonstrated that diabetic ani-
mals exhibited a similar decrease in plasma homocysteine versus
controls to that observed in the present study (Figure 3). In
addition, Jacobs et al (26) further reported that insulin treat-
ment in diabetic animals increased plasma homocysteine con-
centrations, restoring them to nondiabetic control levels.
Similarly, we observed that BMOV treatment in diabetic ani-
mals restored plasma homocysteine concentration to nondia-
betic control concentrations (Figure 3). Taken together, these
findings demonstrate that the effects of BMOV are due to its
insulin-enhancing properties because the BMOV effect on
homocysteine mimicked the effect of insulin. The findings also
suggest that, in the rat, elevated homocysteine levels are not
correlated to diabetic cardiomyopathy, because cardiomyopathy
is known to occur at six weeks following STZ injection (9) and
yet, homocysteine levels were decreased at both three and
eight weeks following STZ injection. We interpret these
results as the ability of BMOV (like insulin in the Jacobs study
(26)) to restore plasma homocysteine levels to nondiabetic
levels and not any higher.

Plasma cysteine levels were significantly decreased in the
eight-week diabetic and diabetic treated group compared with
controls (Figure 4). An increase in plasma cysteine levels would
imply an intact trans-sulfuration pathway of homocysteine
metabolism (20,26). Mosharov at al (45) have suggested that an
increase in trans-sulfuration may represent a physiological
response to oxidative stress because a major function of this
pathway is the synthesis of the intracellular antioxidant glu-
tathione. However, Colombatto and Grillo (46) have suggested
the possibility of a direct effect of vanadium on trans-sulfuration,
specifically the decarboxylation of S-adenosylmethionine in
the presence of pyridoxal phosphate. Additional studies to fur-
ther understand our findings are required.
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Figure 3) Plasma homocysteine concentration (mean ± SEM) in three-
week and eight-week control and streptozotocin diabetic rats with or with-
out bis(maltolato)oxovanadium(IV) (BMOV) treatment. C Nondiabetic
control; CT Nondiabetic animals treated with BMOV; D Nontreated dia-
betic animals; DT Diabetic animals treated with BMOV. *Different from
respective controls (P<0.05)

Figure 4) Plasma cysteine concentration (mean ± SEM) in three-week
and eight-week control and streptozotocin diabetic rats with or without
bis(maltolato)oxovanadium(IV) (BMOV) treatment. C Nondiabetic
control; CT Nondiabetic animals treated with BMOV; D Nontreated dia-
betic animals; DT Diabetic animals treated with BMOV. *Different from
control, week 8 values (P<0.05) 



CONCLUSIONS
Our findings confirm that STZ-induced diabetes may result in
decreased plasma homocysteine and cysteine levels and that
BMOV treatment may increase plasma homocysteine concen-
trations to nondiabetic levels. Because BMOV is an insulin-
enhancing agent, this lends support to the suggestion by Jacobs
et al (26) that insulin is a factor in the regulation of homocys-
teine levels in the rat.
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