Lack of In Vivo Effect of Vanadium on GLUT4 Translocation in White Adipose
Tissue of Streptozotocin-Diabetic Rats
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Vanadium treatment, in vivo, corrects the severe hyperglycemia observed in streptozotocin (STZ)-diabetic rats. A number of
metabolic effects of vanadium have been demonstrated in vitro and might contribute importantly to normalization of glucose
homeostasis. However, many in vitro effects of vanadium occur at concentrations substantially higher than those achieved
in vivo. Effects of vanadium on white adipose tissue have been particularly well characterized in vitro. To examine the
relationship between in vitro and in vivo actions of vanadium, we examined the effects of vanadium treatment on acute
glucose tolerance and adipose tissue GLUT4 control in vivo. In agreement with previous studies, vanadium treatment of
STZ-diabetic rats restored normoglycemia with no appreciable restoration of insulin secretion. GLUT4 expression in white
adipose tissue was reduced by 22% in STZ-diabetic rats compared with controls. Vanadium treatment did not significantly
alter GLUT4 expression in controls, but completely restored normal expression levels in STZ-diabetic rats. In overnight-fasted
control animals, GLUT4 translocation to the plasma membrane (PM) was maximally elevated (by 50%) in adipose tissue
within 5 to 10 minutes after an intravenous (IV) glucose challenge. No glucose-induced translocation of GLUT4 was detected
in diabetic rats, and peak PM GLUT4 content was 40% lower than in controls. Vanadium treatment did not increase peak PM
GLUT4 content in either control or diabetic animals in response to a glucose load. Finally, the suppression of whole-body
acute glucose tolerance in diabetic animals was only partially normalized by vanadium treatment. We conclude: (1) that
concentrations of vanadium effective for maintaining normoglycemia in vivo (typically below 30 pmol/L) promote normal
GLUT4 expression, but do not influence the subcellular localization of GLUT4 in white adipose tissue and (2) that in vivo
effects of vanadium may not necessarily reflect the actions observed in vitro at supraphysiologic concentrations.
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ANADIUM IS A TRACE element shown to have glu- GLUT4 in adipose tissue, skeletal muscle, and h&a.The

cose-lowering properties in type 1 and type 2 diabé&ges. mechanisms by which vanadium influences glucose transport in
The mechanisms of the antihyperglycemic effects of vanadiunvivo are not completely resolved. In several studies, vanadium
are as yet unclear, but attention has focused on enhancementeatment of STZ-diabetic rats led to improved GLUT4 expres-
glucose transpottand/or the inhibition of hepatic glucose Sion in skeletal and cardiac muséfel*However, the effects of
Outputfl Using eug|ycemic C|amp techniquesy vanadium hasvanadium on GLUT4 translocation in vivo have not been
been shown to enhance insulin-mediated glucose disposal, d§Ported. In one study, it was concluded that vanadium exerted
effect mostly attributed to an increased glycogen synthesis irgffects on the intrinsic activity of muscle glucose transporters.

both partially pancreatectomized diabetic fatad type 2 dia- As a number of the metabolic effects of vanadium in vitro
betic humang. In addition, vanadium has been reported to are achieved only at concentrations well above those achieved

increase glucose transport, either directly or by augmenting thd? VIVO, it is crucial to examine "_‘ a par_dmal rapid effect of
effects of insulin in adipocytes isolated from norfialor insulin such as GLUTA4 translocation is, in fact, altered by low

insulin-resistar®t rats. Vanadium-stimulated glucose transport concentrations of vanadium in vivo. We considered that studies

in vitro has also been demonstrated in rat skeletal meiscld of the effects of vanadium on adipose tissue in vivo would be

in normal and insulin-resistant human musénsulin-medi particularly valuable because the corresponding in vitro effects
' of vanadium on glucose transport and fat cell metabolism have

ated glucose utilization in vivo is critically dependent on the been especially well documented. The focus on adipose tissue
expression and cellular localization of GLUTA4. In streptozoto-,, -« 41so considered to be appropriate because both insulin and
cin (STZ)-diabetic rats, whole body insulin-stimulated glucose, anadium induce large absolute changes in several indices of in
uptake is decreased, coinciding with a reduced expression Qfitro adipose tissue metabolism, including GLUT4 transloca-

tion.15-17 From a practical perspective, the preparation of sub-
cellular membrane fractions from adipose tissue also offers
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MATERIALS AND METHODS mol/L interface and further centrifuged at 200,80@r 60 minutes.

Treatment and Maintenance of Animals Membrane fractions were stored at -70°C for GLUT4 measurements.

Male Wistar rats (200 to 250 g) were obtained from Charles River
(Montreal, Quebec) and maintained on standard laboratory chow. STAlembrane Marker Enzymes
(Sigma, St Louis, MO; 55 mg/kg intravenous [IV]) was administered to ) )
the diabetic group, while control rats received vehicle (NaCl, 154 Enzyme marker analysis was performed on subcellular fractions
mmol/L, pH 7.2). An oral glucose tolerance test (OGTT) was per- frqm frgsh adlpgse tl_ssue ot_)talned over the course of the study. Nic-
formed 5 days after STZ. Before vanadium treatment, diabetic ratgtinamide adenine dinucleotide, reduced form (NADH)-cytochrome ¢
were divided such that mean body weight, nonfasted glucose, anfeductase, a marker of endoplasmic reticulum (ER) was measured
integrated glucose response (area under the curve, glucoseJAUC spectrophotometricall§8 The specific activity of cytochrome c reduc-
after an oral glucose load were similar in both treated and untreated@se was highest in the HDM fraction (1.48 0.03 wmol/min/mg),
groups. At 7 days post-STZ, vanady! sulfate treatment was initiated ap-7-fold greater than PM (0.26 0.02), and 1.8-fold greater than LDM
a concentration of 0.75 mg/mL in the drinking water. Vanadium (0.83 = 0.05). Ouabain-sensitive N&"-adenosine triphosphatase
concentrations were increased by 0.25 mg/mL every 1 to 2 weeks ifATPase), a marker of PM, was measured as descfibadtivities in
both diabetic treated (DT) and control treated (CT) groups to a maxi-°PM, HDM, and LDM were 107+ 7, 48 = 6, and 10= 3 umol
mum of 1.75 mg/mL, and this final concentration was maintained for 3P,/mg/h, respectively. Thus, contamination of either PM with ER
weeks until the animals were killed at week 10. Plasma samples werél7.5%), or of LDM with PM (10%) was consistently low and
collected at 10:m on a weekly basis for measurement of glucose andsimilar to or less than previously reportgdin the absence of a
insulin. Pancreatic insulin content was measured after acid extraction oflucose challenge, LDM GLUT4 content was at least 10-fold higher
the pancreas as previously described. than PM, and LDM GLUT4 comprised approximately 50 % of the

In a series of OGTT studies, a close correlation=(.99) existed  total GLUT4 content in adipose tissue in control animals in the basal
between AUG and plasma glucose levels measured 60 minutes aftektate.
the glucose load. The 60-minute glucose value was therefore used as a
measure of glucose tolerance weekly. At 9 weeks, an intravenous
glucose tolerance test (IVGTT) was performed by collecting blood GLUT4 Analysis by Enzyme-Linked Immunosorbent Assay

samples before (0 minutes) and at 5, 15, 30, and 60 minutes after
injection of glucose (0.5 g/kg) into the tail vein. Plasma insulin was GLUTA content of subcellular membranes (PM and LDM) was mea-

measured via radioimmunoassay using rat insulin standards. The gIL?—urEd by competitive enzyme-linked immunosorbent assay (ELISA).

cose disappearance rate constant (Kg) was calculated as the slope of tﬁ_EiEﬂy’ 96—we|lplat§s (Maxisprp; N'unc, Ro§kilde, Denmark) were coated
least squares regression line relating the log-transformed glucose coffVith GLUT4 C-terminus peptide (Biogenesis, Sandown, NH) in 0.1 mol/L

centration to time from 5 to 30 minutes after the glucose bolus duringSOdium carbonate-bicarbonate buffer (pH 9.5) and incubated overnight at
the IVGTT. Kg is expressed as percent per minute (%/min). 50°C. The plates were washed with 0.1% Tween in phosphate-buffered
saline (PBS) and blocked for 1 hour with PBS containing 10% (vol/vol)
goat serum. Solubilized membrane fractions or GLUT4 peptide were
Subcellular Fractionation of Adipose Tissue serially diluted (1:2) in 1% Triton (vol/vol) in PBS. Monoclonal anti-
Because glucose lowering by vanadium in diabetic animals wasGLUT4 antibody (1F8, Biogenesis), diluted 1:3,000 in PBS containing
evident at low circulating insulin levels, subcellular distribution of ELISA-grade bovine serum albumin (BSA) (0.5%, wt/vol) and skim milk
GLUT4 was measured after a glucose bolus (to produce physiologid1%, wt/vol), was mixed with competing antigen, and pQ of the
insulin release) rather than after an insulin injection. At 10 weeks ofmixture added to the peptide-coated plates and incubated for 6 hours at
diabetes, overnight fasted rats were anesthetized with sodium pent®7°C in a shaking water bath. After washing, 3d0of peroxidase-linked
barbital (30 mg/kg, intraperitoneal [IP]) and administered IV glucose sheep antimouse Ig F(ap’fragment (Amersham, Pharmacia Biotech,
(0.5 mg/kg). Blood samples were removed from the tail vein 5 minutesPiscataway, NJ) diluted 1:1,000 in antibody dilution buffer was added for
after glucose administration, and then the animals were killed 2.52 hours. After washing, substrate (2 mmol/L o-phenylenediamene, 0.01%
minutes later. This treatment protocol was found to bring about max-H,0, in 0.1 mol/L citrate buffer, pH 5.0) was added and at 30 minutes, the
imal translocation of GLUT4 in adipose tissue from control rats (dataenzyme reaction was stopped with 40 of 8 N H,SO, and absorbance
not shown). Subcellular fractionation was performed on epididymal fatmeasured at 490 nm. Membrane protein was quantified fluorimetrgally.
pads pooled from 2 rats as previously descritfedlll procedures were G| UT4 content was expressed as relative amount per milligram protein. In
performed in HES buffer (20 mmol/L Hepes, 1 mmol/L EGTA, 255 gach assay plate, 2 internal standards (adipose tissue homogenates) were
mmol/L sucrose; pH 7.4) at 4°C. Adipose tissue was minced in 10 assayed concurrently to ensure reproducibility of the ELISA. The intra and
mL HES using a polytron homogenizer (2 1-second bursts), and jerassay percent coefficient of variation (%CV) in all assays for both
centrifuged at 1,009for 5 minutes. The infranatant was removed and jyiema| standards was10%. In addition, at least 1 sample from each
centrlfuged_ at 17,5(11)for. 30 minutes. The resultl_ng pellet (A)lwas experimental group was analyzed per ELISA plate to avoid a bias in the
washed twice and centrifuged at 17,500r 15 minutes. The final data. The ELISA procedure was validated by parallel experiments using

nventional Western bl hni hich pr ivalent resul
gradient made up of 0.8 mol/L and 1.12 mol/L sucrose, centrifuged at%% ventional Western blot technique, which produced equivalent resuits

150,00@ for 40 minutes, and plasma membrane (PM) collected from (Li-and McNeill, unpublished observations).
the 0.8/1.12 mol/L interface. The supernatant from the initial spin (A)
was further centrifuged at 50,09®r 20 minutes. From this step, the
pellet (B) was resuspended and centrifuged at 5@@0060 minutes

to obtain high density microsomal membranes (HDM). The supernatant Two-way analysis of variance (ANOVA) was used followed by the
(B) was centrifuged at 200,0§@or 60 minutes and the resulting pellet Fisher’s least significant difference test. Curve fitting and calculation of
containing low-density microsomes (LDM) layered on a discontinuousdata was performed via the Fig. P Scientific Processor (Biosoft, Fer-
gradient of 0.4 mol/L and 1.5 mol/L sucrose, and centrifuged atguson, MD). Data are expressed as meanSEM. P < .05 was
150,00@ for 40 minutes2 Enriched LDM was collected at the 0.4/1.5 considered significant.

Statistical Analysis
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RESULTS neously reverted animals (DR) were analyzed as a subgroup
General Characteristics distinct from those that had remained hyperglycemic (D). In

Within 5 7 d tter STZ admini . I imal both control and diabetic animals, vanadium treatment mark-
Ithin 5 to ays after administration, all animals edly reduced plasma insulin to levels even lower than the

exhibited significant hyperglycemia. All diabetic animals, h : :

: . . erglycemic D group (Fig 1B).
whether assigned to the untreated or treated diabetic groups,yp g group (Fig 1B)
exhibited a similar degree of diabetes. Hence, initial plasma
glucose, 23.8= 1.2 versus 22.3 0.5 mmol/L; insulin, 39.4+ OGTT and IVGTT

4.3 versus 34.7 1.9 pU/mL; and glucose tolerance (plasma Despite further i f th di trati f
glucose at 60 minutes), 1922 0.7 versus 17.8 1.0 mmol/L espite further increase of the vanadium concentrations o

were not significantly different between the untreated anddfinking water to 1.75 mg/mL, well beyond that which effec-
treated diabetic groups before vanadium treatment (Fig 1). ffivély maintained normoglycemia, DT animals continued to
diabetic animals, plasma glucose was reduced within the firsB"0W animpaired glucose tolerance relative to control (Fig 1C).
week of vanadium treatment, but complete normoglycemiaAt this concentra_tlon, DT animals no longer gained yvelght and
within the entire group (12 of 12) was achieved only at higherhence no further increase was attempted. As vanadium has been
vanadium concentrations (1.25 mg/mL, vanadium dose, 142 reported to inhibit the oral absorption of glucésgn IVGTT

7.7 mg/kg/d) administered by week 4 (Fig 1A). Unexpectedly, Was performed at 9 weeks. Relative to control, the D group
in the untreated diabetic group, we also observed a gradugihowed significantly elevated fasting and peak plasma glucose
decrease in mean plasma glucose from 3 weeks post-ST2nd a markedly reduced glucose disappearance rate (Kg) (Fig
Closer examination of this group showed that spontaneougA and C). In contrast, the glucose tolerance of the DT and DR
reversal of the diabetic state had occurred in 6 of 12 animalsgroups were very similar, with both groups showing normal
and average plasma glucose and insulin levels of these @asting and peak plasma glucose levels, although glucose dis-
spontaneously “reverted” animals were not different from con-appearance rate was still reduced compared with control. Insu-
trol at 9 weeks (Fig 1, inset). Because their characteristics morén secretory response was lower than control in CT rats and in
closely paralleled control rather than diabetic animals, spontaall diabetic groups (Fig 2B).
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2571 A in the D group P < .01), and restored in vanadium-treated or
= spontaneously reverted diabetic animals (data not shown). In a
E 204 series of experiments with control animals, translocation of
2 15 4 GLUT4 from intracellular LDM to the PM pool in adipose
S tissue was optimally detected at 5 to 10 minutes after an IV
% 10 - glucose load. At 10 weeks of diabetes, glucose was adminis-
© tered by IV injection, and 7.5 minutes later adipose tissue was
% 5 - removed for preparation of subcellular membrane fractions.
a. PM GLUT4 content from adipose tissue obtained from control
0 - animals before glucose injection (basal PM GLUT4) was used
as a reference (set at 1.0 relative U/mg protein), and this value
increased significantly by 50% after the glucose challenge (Fig
=~ 120 {B 4A). Correspondingly, a significant decrease in GLUT4 content
E 100 in the LDM was detected (Fig 4B), whereas no change was
?:,___ detected in the HDM fraction (Fig 4C). PM GLUT4 content in
= 80 7 the basal state was also measured in a small number of hyper-
§ 60 glycemic animals (n= 3) and was found to be similar to
= control (data not shown).
. AQ I .
£ We chose to measure the subcellular distribution of GLUT4
R 20 at the time of maximal translocation to address the question
o. 0 - whether vanadium treatment could result in increased cell
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Fig 2. Plasma glucose (A) and insulin (B) levels in response to an
IV glucose load (0.5 g/kg) in overnight-fasted animals at 9 weeks
post-STZ, in the untreated (C, [J, n = 8) and vanadium-treated (CT, m,
n = 8) controls and hyperglycemic (D, O, n = 6), vanadium-treated
(DT, ®, n = 12) and spontaneously reverted (DR, <, n = 6) diabetic
rats. (C) The glucose disappearance rate constant (Kg) was calculated
from 5 to 30 minutes after the glucose bolus during the IVGTT. (*P <
.05 vC, +P < .05 vD). 10 - + 5o
B -
Pancreatic Insulin Content I B L 40 §
Among the diabetic animals, residual pancreatic insulin con- g 20 £
tent was significantly higher in the DT~ 4-fold) and DR & -3 g
(6-fold) groups relative to D (Fig 3A). However, these levels g 15 g
remained considerably reduced as a percentage of control § + Lao &
(1.7 + 0.1 U/g): 18% (DR), 11% (DT), and 3% (D). As we 101 T +
have previously reporte?®, the presence of normoglycemia I 5 | L 10 U
among the untreated diabetic rats was associated with pancre-
atic insulin contentz 12% of control and plasma insulin levels o 0
that were not different from control (Fig 3B). D DT DR

Effect of Vanadium Treatment on GLUT4 Translocation

Fig 3. Pancreatic insulin store (A) and fed plasma glucose and
insulin (B) in hyperglycemic (D, O, n = 6), vanadium-treated (DT, ®,

Total adipose tissue GLUT4 content (total sum of GLUT4 , = 12), and spontaneously reverted (DR, <, n = 6) diabetic animals
from 3 fractions, PM, HDM, and LDM), was reduced by 22% (+P < .05 v D).
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Fig4. GLUT4 content in adipose tissue PM (A), LDM (B), and HDM
(C) fractions before (basal) and at 7.5 minutes after a 0.5 mg/kg IV
glucose load in overnight-fasted animals at 10 weeks post-STZ (*P <
.05 vC; +P < .05 v D). Adipose tissue was obtained from untreated
(C, n = 8) and vanadium-treated (CT, n = 8) controls and hypergly-
cemic (D, n = 6), vanadium-treated (DT, n = 12), and spontaneously
reverted (DR, n = 6) diabetic rats.
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levels in the basal state. Indeed, peak cell surface GLUT4
content in vanadium-treated diabetic animals was not even
increased over levels seen in the untreated diabetic group. Very
similar results were observed in spontaneously reverted dia-
betic rats. Interestingly, vanadium treatment of control rats also
led to a reduced appearance of GLUT4 in the PM fraction (by
20%) in response to a glucose load and a corresponding in-
creased residence within the LDM fraction. Intracellular
GLUT4 content in either vanadium-treated or spontaneously
reverted diabetic animals was not significantly different from
control in the basal state, suggesting that despite the restoration
of GLUT4 expression, translocation remained impaired in these
animals. Further analysis showed that PM GLUT4 content of
all animals was highly correlateda & .85, P < .0001) with
ambient plasma insulin at 5 minutes after the glucose load (Fig
5A), however, there was no correlation with pancreatic insulin
content (data not shown). Further, LDM GLUT4 content was
highly correlatedi( = .87,P < .0001) with residual pancreatic
insulin stores in the diabetic groups (Fig 5B). In addition,
among the diabetic animals, there was an inverse hyperbolic
relationship between AUgand pancreatic insulin content (Fig
5C), as we have shown previoush.

DISCUSSION

The antihyperglycemic effects of vanadium in vivo remain
incompletely understood, although the range of in vitro effects
of vanadium on cell glucose transport and metabolism suggest
several possible mechanisms. The main goal of the studies
described here was to determine if the in vitro effects of
vanadium on adipose tissue GLUT4 also occur at very low
therapeutic vanadium concentrations generated in vivo in STZ-
diabetic rats. Adipose tissue was chosen for study because it
provides a convenient and relatively homogeneous tissue in
which GLUTA4 is rapidly and dramatically regulated in vitro in
response to vanadium and insulin. In the present study of
adipose tissue, as in previous studies with skeletal muscle and
heart!3.14 GLUT4 expression was decreased in STZ-diabetic
rats, and normal expression was restored after vanadium treat-
ment. Although GLUT4 expression was restored in vanadium-
treated diabetic animals, subcellular localization of GLUT4 in
adipose tissue during peak translocation was not altered in
response to a glucose load. The failure of vanadium treatment
to restore normal GLUT4 translocation in vivo is in contrast to
actions observed in vitro. The plasma concentrations of vana-
dium achieved in vivo with the procedures described here are
typically in the range of 16 to 10° mol/L.2° Such in vivo
concentrations are well below the range t1® 102 mol/L)
required to stimulate GLUT4 translocation in vi#®!7Indeed,
lower concentrations of sodium orthovanadate (20 to 100
wmol/L) were completely ineffective in either directly activat-
ing glucose transport or enhancing the effects of insulin in
isolated adipocyte¥” We conclude that in vivo effects of
vanadium on adipose tissue GLUT4 are selective and do not
reflect all the actions observed (often at much higher concen-

surface GLUT4 after a physiologic glucose load during bothtrations) in vitro.

control and diabetic conditions. In the hyperglycemic D group,

Additional quantitative features of GLUT4 control are also

peak PM GLUT4 content after a glucose load was 40% lowerworth noting. The time-course for acute GLUT4 translocation
than in control and was not significantly different from control observed in hondiabetic animals in response to a glucose load
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A 2.0 7 degree of GLUT4 translocation in vivo is considerably smaller
than that observed in typical studies in vitro, perhaps because of
the absence of physiologic “tonic” activation in the basal state
in vitro, as well as the use of a physiologic stimulus in this and
in other studieg?-30

Because of the apparent lack of effect of vanadium on PM
GLUT4 in vivo, we explored the relationship between endog-
enous insulin levels and GLUT4 localization. This analysis

PM GLUT4 Content
{Refative Units/mg protein)
5
1

7 showed a very close correlation between circulating insulin
r =085 concentrations and PM GLUT4 content among all control and

0.0 — T diabetic animals (Fig 5A). From these observations, it appears
0 20 40 60 80 100 that GLUT4 translocation may be strongly influenced by cir-

culating insulin concentrations and is not significantly influ-
enced by vanadium in vivo.
The failure of vanadium to influence the cellular localization

Plasma Insufin at 5 (uU/mi)

B 35 - of GLUT4 in adipose tissue raises important questions about
GLUT4 control in skeletal muscle, probably the dominant site
T 30 for acute glucose disposal. It is possible that vanadium may
§ ﬁ influence GLUT4 traffic and glucose uptake in skeletal muscle,
8 E 25 o although it did not do so in adipose tissue. In this regard, the
ha oo measure of whole-body glucose disposal (Kg, Fig 2) is impor-
35 4 tant because it probably reflects the function of skeletal muscle
3 % in vivo. Because the marked suppression of acute glucose
Te s o disposal seen in STZ-diabetic rats was only partially restored
r =087 by treatment with vanadium, the defects in skeletal muscle
10 ] glucose metabolism in STZ-diabetes are not completely cor-
0 200 400 600 rected by vanadium treatment. If skeletal muscle GLUT4 con-
trol is also insensitive to vanadium, then improved glucose
Pancreatic insulin content (mU/g) homeostasis might be dependent on effects of vanadium on
other aspects of glucose transport and/or metabolism. For ex-
c 2000 - ample, vanadium treatment has been shown to increase basal
glucose uptake in liver and brain in vivd3! suggesting that
— 1500 4 insulin-independent transport (via GLUT1 and/or GLUT3)
E might be important targets for vanadium action. In this respect,
E 1000 - pa glucose clearance by vanadium-treated animals was identical to
5 LA that achieved by the spontaneous reversal of the diabetic state
2 d alone, suggesting that maintenance of basal normoglycemia
500 7 r = -0.85 might improve glucose-mediated glucose disposal during an
' IVGTT.32:33
0 T 1 It could be argued that the effect of vanadium might com-
0 200 400 600 pletely reflect on an improvement in pancreatic insulin content.
Pancreatic Insulin Content (mU/g) Spontaneous reversal of diabetes occurs when pancreatic insu-

lin content exceeds approximately 150 mU/g r12% of
Fig 5. Correlations between plasma insulin levels at 5 minutes controk2:31 and when circulating insulin is maintained in the

after th:_ 9!'“°°|_5: '0:;:;';‘:1(:"'!'33'&‘:3} :‘:::s:’:‘t(g) ::g :S::W‘(*g;‘ normal range. Indeed, in the present study, animals that spon-
N ;gs"D') e i treatod (CT. u) controls, hypergiyce.  {2NEOUSIy reverted to normoglycemia had plasma insulin levels
mic (D, O), vanadium-treated (DT, ®), and spontaneously reverted that were not different from control throughout the entire study.
(DR, <) diabetic animals. In contrast, vanadium-treated animals were able to maintain

normoglycemia even at extremely low pancreatic insulin stores

(<100 mU/g,<6% of control) and with markedly decreased
in these in vivo studies is rapid (reaching a peak within 10plasma insulin levels. Overall, the results of the present and
minutes after a glucose load). This time-course is comparabl@revious studies suggest that improved pancreatic insulin stores
to that observed in studies of isolated adipocytes in ¥i3.28  likely do not contribute significantly to the glucoregulatory
In contrast, the extent of GLUT4 translocation was quite mod-effects of vanadium. These observations show the need for
est (= 50%) by comparison to values observed in vitro, typi- further studies of the effects of vanadium on glucose transport
cally 2- to 5-fold28 In fact, the values obtained in the presentin and metabolism in skeletal muscle and other tissues in vivo,
vivo studies are very similar to those previously reported inand importantly, during basal, fed conditions. It should be
skeletal muscle in rats during an OG#FRnd in the heart after noted however, that similar to the in vitro findings in rat
administration of IV insulirt® These results indicate that the adipocytes, GLUT4 translocation in cultured L6 myotubes and
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cardiac muscle cells has been shown only at high vanadiunto those shown at high concentrations in vitro. To fully under-

concentrations (I8 mol/L).34 stand the remarkable antihyperglycemic effects of vanadium, it
In conclusion, vanadium treatment of STZ-diabetic rats wasis clearly crucial to establish the effects of vanadium that are

accompanied by restoration of the total GLUT4 pool in adiposestill apparent at the low concentrations likely to be achieved in

tissue, but did not influence acute regulation of GLUT4 asvivo.

reflected by the extent of translocation to the PM after a

physiologic glucose load. These results, despite the presence ACKNOWLEDGMENT
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