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Vanadate treatment normalizes exaggerated vascular smooth muscle
responses in the obese Zucker rat
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Abstract

The effect of oral vanadate treatment on isometric tension responses were examined in aortic rings isolated from obese and lean
Zucker rats. Rats from both strains that were either maintained on food ad libitum or pair-fed were included to serve as controls. Higher
plasma insulin and glucose levels and exaggerated aortic tension responses to endothelin-1, methoxamine, and KCl observed in obese
Zucker rats were normalized in vanadate treated, but not pair-fed, rats. These data suggest that abnormal vascular responses in obese
Zucker rats can be normalized by vanadate treatment in a manner at least partly independent of food intake. © 1998 Elsevier Science B.V.

All rights reserved.
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1. Introduction

The obese Zucker rat is an appropriate model of the
human ‘syndrome X’'—often exhibiting hyperglycemia,
hyperphagia, hyperlipoproteinemia, hyperinsulinemia, in-
sulin resistance, and hypertension (Kasiske et al., 1992).
Cardiovascular abnormalities occur in this strain as studies
have shown that these rats are hypertensive (Kasiske et al .,
1992) and exhibit exaggerated vascular smooth muscle
responses to vasoactive agonists (Zemel et al., 1990; Ouchi
et a., 1996).

Vanadium agents are well known insulinomimetics and
they have been shown to have beneficial effects on both
metabolic abnormalities and cardiovascular function in
various models of metabolic dysregulation, including the
obese Zucker rat (Bhanot and McNeill, 1994; Ozcelikay et
al., 1994; Brichard and Henquin, 1995; Yuen et a., 1996).
However, the effect of vanadium treatment on vascular
smooth muscle function ex vivo in states of insulin resis-
tance associated with metabolic dysregulation has not yet
been investigated. Therefore, we set out to determine the
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effect of sodium orthovanadate treatment on vascular reac-
tivity in the hyperinsulinemic/insulin-resistant obese
Zucker rat.

2. Materials and methods

2.1. Animals and treatment

Twelve week old obese and lean Zucker rats were
separated into 6 groups:. lean—control, |ean—vanadate,
lean—pair fed with vanadate, obese—control, obese—vana
date, and obese—pair fed with vanadate. Animals were
housed in individual metabolic cages to allow for accurate
measurement of food and water intake. Sodium orthovana
date (vanadate; 0.5 mg,/ml) was administered to the treat-
ment groups for a period of 25 days. The dose was
increased progressively in the week preceding the study to
allow the rats to become accustomed to its taste. Since
vanadate is known to decrease body weight and food
intake (Malabu et al., 1994; Brichard and Henquin, 1995),
pair-fed groups were included in which the level of food
intake remained restricted to the same as that consumed by
vanadate treatment groups. Vanadate intake was deter-
mined by multiplying the daily water intake with vana-
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dium concentration and was 11.6 + 1.4 mg rat~* day !
for LZR and 14.0 + 1.3 mg rat~ ! day ! for OZR treat-
ment groups.

2.2. Metabolic parameters

Body weight was recorded before and after vanadate
treatment; food and water intake was recorded on a daily
basis throughout. On the 25th day, rats were killed and
blood samples were collected immediately in tubes con-
taining EDTA, centrifuged at 3000 X g for 10 min at 3°C,
and plasma was collected and immediately frozen at
—20°C. Blood glucose was determined at the time of
sacrifice by a glucose oxidase method (One Touch Basic,
Lifescan Canada, Vancouver, BC, Canada). Plasmainsulin
was detected using a rat insulin radioimmunoassay kit
(Amersham Life Sciences, Oakville, ON, Canada).

2.3. Tension response measurements

Tension responses were recorded as described in detail
earlier (Chen et a., 1995). Immediately after sacrifice, the
thoracic aorta was excised and placed in Krebs -bi-
carbonate buffer (in mmol /1: NaCl 118, NaHCO, 25, KCl
4.8, MgCl, 1.2, CaCl, 1.8, KH,PO, 1.0, and p-glucose
11), cleared of fat and connective tissue, and cut into ~ 5
mm segments. For experiments requiring endothelial de-
nudation, tissues were rubbed gently between thumb and
forefinger to facilitate endothelial removal. Tissues were
then suspended in 20 ml tissue baths containing oxy-
genated (95% O,/5% CO, a 37°C) Krebs -bicarbonate
buffer, and connected to a FTO.3 isometric force transduc-
ers (Grass Instruments) under a resting tension of 2 g. The
rings were allowed to equilibrate for 90 min while chang-
ing the buffer solution every 20 min after which a single
methoxamine (10~° mol /1) challenge was used to wake-up
the tissue. Endothelial integrity was assessed by acetyl-
choline (10~° mol /1) evoked relaxation at the peak of the

Table 1

methoxamine evoked response. After extensive washout
allowing the baseline to return to the 2 g preload tension,
cumulative concentration—response (C—R) curves to either
methoxamine (10~7-10"* mol /1), endothelin-1 (10~ 10—
107 mol /1) or KCI (10-60 mmol /1) were determined in
both endothelium denuded and intact preparations. Only
one agonist was used per segment of aortic tissue. After
cumulative dose—response curves were complete, the tis-
sues were alowed to dry overnight and then weighed. In
order to normalize for potential differences in wall thick-
ness and length amongst individual aortic segments, the
data were expressed as increase in tension development
per cross-sectional area of tissue (g/mm?) as described
earlier (Chen et al., 1995; Wyse, 1980).

2.4. Materials

Acetylcholine chloride, methoxamine hydrochloride and
sodium orthovanadate were from Sigma (St. Louis, MO,
USA). Endothelin-1 was from American Peptide (Sun-
nyvale, CA, USA).

2.5. Satistical methods

The concentration of agonist required to produce 50%
of the maximal response (ECy,) and the maximal isometric
tension response (E,,) developed to each agonist was
assessed for each individual C—R curve and pooled in
order to attain mean + S.E.M. Statistical differences be-
tween means were evaluated using anaysis of variance
(Superanova-Biosoft) and simultaneous multiple compar-
isons were examined using Scheffe’'s F test.

3. Results

Metabolic parameters after the treatment period are
shown in Table 1. In contrast to untreated groups, both

Metabolic parameters in lean Zucker rat (LZR) and obese Zucker rat (OZR) subjected to either 0.5 mg/ml p.o. sodium orthovanadate (vanadate)

administration, pair feeding, or no treatment (control)

Group Body weight Body weight Food intake Blood glucoses Plasmalinsulin]
before (g) after (g) (gra=! day=1) (mmol /1) (pmol /1)

LZR-control 303+ 6 372+ 6° 26+1 57+03 808 + 81
LZR-pair fed 306+ 8 334 + 107 20 + 1 53+03 589 + 42
LZR-vanadate 291+ 6 303+ 6 20+ 14 58+02 560 + 84
OZR-control 489 + 16 575 + 132 36+ 1 9.5+ 1.8° 2536 + 280°
OZR-pair fed 479 + 13 500 + 13 23+ 14 6.2 + 0.4° 2896 + 784°
OZR-vanadate 489 + 11 507 + 13 23+ 1 5.4+ 0.2¢ 1306 + 198°

Values shown above are mean + S.E.M. from 8 separate rats for each group.

&P < 0.01 vs. respective weight before group.
®p < 0,001 vs. respective weight before group.
°P < 0.01 vs. respective untreated group.

9P < 0.001 vs. respective untreated group.

°P < 0.01 vs. respective LZR group.

P <0001 vs. respective LZR group.
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lean and obese rats treated with vanadate failed to exhibit
significant weight gain. Pair-fed rats exhibited decreased
weight gain in the lean group, and failed to exhibit signifi-
cant weight gain in the obese group. Blood glucose levels
were significantly higher on average in the obese—control
group than in all other groups, yet were only mildly
elevated. Plasma insulin levels were 3 to 4 fold higher in
untreated obese Zucker rats compared to lean controls.
Vanadate treatment, but not pair feeding, significantly
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Fig. 1. Maximal isometric tension responses (E,,,) to (@ methoxamine
(MTX), (b) endothelin-1 (ET-1) and (c) KCl in aortic rings isolated from
the various groups. These are represented by: lean—control (open bar);
lean—pair fed (cross hatch light); lean—vanadate (spotted bar); obese—con-
trol (side hatch); obese—pair fed (cross hatch dark); and obese—vanadate
(mixed hatch). Maximal tension development to al three stimuli was
measured as grams tension developed per cross-sectiona area of tissue
(g/mm?). Concentration—response curves to al stimuli were assessed in
individual aortic ring segments, with only one agonist tested per segment.
The data derived for each agonist from different rats in each group were
pooled together and subjected to analysis of variance. Mean+ S.E.M.
values were obtained using aorta derived from n=12 rats from each
group. (x P < 0.05 vs. lean—control group; + P < 0.05 vs. obese—con-
trol group; #P < 0.05 vs. pair-fed group).

attenuated elevated plasma insulin levels in the obese
group.

E.ax Vvalues to methoxamine, endothelin-1, and KCl in
endothelium intact aortic rings were significantly greater in
untreated obese compared to lean Zucker rats (Fig. 1).
There were no significant differences in EC,, values be-
tween obese and lean groups (data not shown). Elevated
maximal responses to al stimuli were attenuated in the
obese—vanadate group to near the level of that of lean—
controls (Fig. 1). Pair feeding of obese rats led to a partial
attenuation in E,, for al three stimuli, but the fall in
Enax did not reach the level of that evoked by vanadate
treatment. Endothelium denudation of aortic segments had
no effect on E.,, values for any vasoconstrictor stimulus,
thus leaving the differential E,,, relationship between
obese and lean rats intact in all groups (data not shown).
However, denudation resulted in a universal and consis-
tently highly significant (P < 0.01) left-ward shift in the
C-R curves with a reduction in ECg, vaues for both
methoxamine (endo intact: 2.4 to 2.7 w.M, endo denuded:
0.5 to 0.6 wM) and endothelin-1 (endo intact: 2.4 to 2.8
nM; endo denuded: 0.6 to 0.7 nM), but not to KCl (endo
intact: 25 to 28 mM; endo denuded: 24 to 26 mM) in all
groups. While decreases in EC, values after endothelium
denudation were consistently seen in pair-fed and vanadate
treated groups as well as the untreated groups, there were
no differences in the degree of shift for each agonist
amongst the various groups. This shift likely occurs sec-
ondary to loss of endothelial derived factors such as nitric
oxide and other hyperpolarizing factors that are released
upon methoxamine and endothelin-1 stimulation that func-
tion to dampen agonist evoked vasoconstrictor responses.

4, Discussion

We have demonstrated that obese Zucker rats exhibit a
non-specific, endothelium independent, increase in vascu-
lar smooth muscle responses to both agonist evoked and
depolarizing stimuli as reported earlier (Ouchi et al., 1996;
Zemel et al., 1990). The mechanism of this dteration is
unclear, but may be related to accelerated atherosclerosis,
increased vascular rigidity, and /or atered vascular smooth
muscle cation transport resulting from genetic and/or
metabolic factors present in the obese Zucker rat (Kasiske
et al., 1992; Epstein and Sowers, 1992). Oral vanadate
treatment corrected mild hyperglycemia, and attenuated
hyperinsulinemia, food intake and body weight gain in
obese rats over the treatment period. In addition, we have
shown for the first time that exaggerated vascular re-
sponses in obese Zucker rats can be corrected by vanadate
treatment, and significantly attenuated by caloric restric-
tion.

Vanadium compounds such as sodium orthovanadate,
vanadyl sulphate, peroxovanadium and bismaltolatooxo-
vanadium have all been demonstrated to promote normal-
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ization of hyperglycemia, dyslipidemia and insulin dysreg-
ulation both in vitro and in vivo, through either direct
insulinomimetic effects or through enhancement of insulin
action via inhibition of protein tyrosine phosphatases
(Brichard and Henquin, 1995). They may aso confer
beneficial cardiovascular effects as these agents have been
shown to normalize exaggerated vascular responses in
streptozotocin diabetic rats (Ozcelikay et al., 1994), lower
blood pressure in spontaneously hypertensive rats (Bhanot
and McNeill, 1994), and prevent development of hyper-
tension in obese Zucker rats (Yuen et a., 1996).

The mechanism of vanadate evoked correction of exag-
gerated vascular smooth muscle responses in the present
study is speculative. We have observed that vanadate
treatment lowers both plasmainsulin and glucose levelsin
the obese Zucker rat model —likely mediated by increases
in insulin sensitivity as previously demonstrated in this
strain (Brichard and Henquin, 1995). The profound ability
of vanadium compounds to correct such metabolic abnor-
malities, even in conditions of insulin resistance, may be
linked to its ability to correct vascular dysfunction. Sup-
port for this concept can be found in recent work from
ours (Hopfner et al., 1998), and other (Ozcelikay et al.,
1994; MacL eod, 1985) laboratories demonstrating that both
vanadate and insulin treatment normalize exaggerated vas-
cular responses in streptozotocin diabetic rats (a model of
type | diabetes) in conjunction with correction of most, if
not al, of its metabolic abnormalities. However, direct
effects of vanadate cannot be ruled out, since some of its
potential cellular effects per se, including effects on
Na*/K* ATPases and protein tyrosine phosphatases
(Brichard and Henquin, 1995), could have relevance to
vascular smooth muscle function. Indeed, the observation
that insulin sengitizers, such as the thiazolidenediones,
lower blood pressure in different models of insulin resis-
tance in conjunction with beneficial systemic metabolic as
well as direct effects on vascular smooth muscle function
(Buchanan et al., 1995; Pershadsingh et al., 1993) warrants
a wider perspective in interpretation of the present results.
It can be assumed that correction of abnormal vascular
responses by vanadate does not involve alterations in
endothelial function, since endothelium denudation re-
sulted in similar effects on vasoconstrictor evoked E,,,
and EC,, values across al of the treatment and control
groups. In addition, since caloric restriction only led to a
partial attenuation of exaggerated vascular responses, it is
reasonable to state that the vascular effects of vanadate are
mediated by a mechanism at least partly distinct from its
effects on food intake.

5. Conclusion

Our data demonstrates that vanadate treatment may
normalize exaggerated vascular smooth muscle responses

to vasoconstrictor stimuli in the obese Zucker rat, a model
of metabolic dysfunction associated with insulin resistance
and hypertension. This correction occurs in conjunction
with beneficial metabolic effects and in a manner at least
partly independent of its effects on food intake. Since
central artery distensibility is thought to be a major con-
tributor to increases in systolic blood pressure in hyperten-
sive and diabetic states (Megnien et al., 1992), it is possi-
ble that vanadate treatment may beneficialy affect the
hypertensive state in the obese Zucker rat.
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