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Abstract

AIM: To investigate the inhibitory effects of sodium
orthovanadate on small-intestinal glucose and maltose
absorption in rats and its mechanism.

METHODS: Normal Wistar rats were lavaged with sodium
orthovanadate (16 mg/kg, 4 mg/kg and 1 mg/kg) for 6 d.
Blood glucose values were measured after fasting and
0.5, 1, 1.5 and 2 h after glucose and maltose feeding with
oxidation-enzyme method. α-glucosidase was abstracted
from the upper small intestine, and its activity was examined.
mRNA expression of α-glucosidase and glucose-transporter
2 (GLUT2) in epithelial cells of the small intestine was
observed by in situ hybridization.

RESULTS: Sodium orthovanadate could delay the increase
of plasma glucose concentration after glucose and maltose
loading, area under curve (AUC) in these groups was lower
than that in control group. Sodium orthovanadate at dosages
of 10 µmol/L, 100 µmol/L and 1000 µmol/L could suppress
the activity of α-glucosidase in the small intestine of normal
rats, with an inhibition rate of 68.18%, 87.22% and 91.91%,
respectively. Sodium orthovanadate reduced mRNA expression
of α-glucosidase and GLUT2 in epithelial cells of small
intestine.

CONCLUSION: Sodium orthovanadate can reduce and delay
the absorption of glucose and maltose. The mechanism
may be that it can inhibit the activity and mRNA expression
of α-glucosidase, as well as mRNA expression of GLUT2 in
small intestine.
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INTRODUCTION
There is evidence that sodium orthovanadate could markedly

decrease the high blood sugar induced by alloxan and
streptozotocin[1,2]. Sodium orthovanadate acts on blood sugar
by increasing the number of insulin-receptors and enhancing
glucose transport via promoting the combination of insulin
and insulin receptors[3-7]. Besides, sodium orthovanadate can
also inhibit glucose absorption from small intestines of rats by
inhibiting the activity of Na+/K+-ATPase and increasing
contractility in the intestinal smooth muscles[8,9]. Therefore we
observed the effects of sodium orthovanadate on glucose and
maltose absorption in the small intestine of Wistar rats and
investigated the mechanisms in order to provide theoretical
basis for its further development.

MATERIALS AND METHODS
Materials
Male and female Wistar rats weighing 180-220 g were obtained
(Department of Animals, Harbin Medical University). Sodium
orthovanadate was provided by Harbin Medical University.
Acarbose was purchased from Bioer (Wuhan, China). Both α-
amylase and ρ-nitrobenzene-α-D-malt pentose glycoside were
supplied by Sigma (America). In situ hybridization kits of the
small intestine GLUT2 and α-glucosidase were from BOSD
Biotech (Wuhan, China).

Methods
Experimental schedule  Normal Wistar rats were randomly
divided into 5 groups (8 rats per group). Animals in group 1
were lavaged with saline, rats in groups 2-5 were lavaged with
acarbose (30 mg/kg) and sodium orthovanadate (16 mg/kg,
4 mg/kg and 1 mg/kg ) for 6 d at the dosage 1 mL/100 g. Blood
glucose values 12 h after fasting and 0.5, 1, 1.5 and 2 h after
feeding glucose (22 g/kg) were investigated using oxidation-
enzyme method. The same method was used to determine the
effects of sodium orthovanadate on maltose absorption. Small-
intestine tissue was obtained after the blood glucose assay for
in situ hybridization analysis.
ααααα-glucosidase activity assay  As described previously[10,11],
normal rats were killed 3 h after fasting. A 10 cm segment of the
upper small intestine from the head of the dodecadactylon was
washed twice with cool saline. Mucosae were homogenized
after diluted at 1:10 in 0.5 mol/L NaCl-KCl buffer, then
centrifuged at 2×104 g for 30 min (4 ). Deposits were washed
twice with cool saline, then 2×104 g centrifuged for 30 min (4 ),
diluted at 1:5 in saline again and 500 r/min centrifuged for
10 min (4 ). Supernatant was collected and stored at -30 .
After response architecture was dispensed, fluid samples were
shaken and water-bathed for 10 min at 30 .Then samples
were put into water bath at 85  to terminate the response. In
the response architecture without enzymes and drugs, the
control group was adjusted to zero absorption degree (A). In
the response architecture without drugs, the standard group’s
enzyme activity was 100%. A was assayed at 405 nm wavelength.
Then we calculated the percentage of inhibition of 10 µmol/L,
100 µmol/L and 1 000 µmol/L sodium orthovanadate on α-
glucosidase activity.
In situ hybridization for ααααα-glucosidase and GLUT2 expression
A 2 cm segment of the upper small intestine was obtained from



the head of dodecadactylon. In situ hybridization was carried
out according to the manual of BOSD Biotech. Two microliters
thick specimens sectioned from a parafin-embedded block were
dewaxed in xylene and rehydrated in serially graded ethanol
(100%, 95%). The activity of endogenous enzymes was
deactivated by hydrogen peroxide solution (30%) for 1 min.
Specimens were ingested with pepsin for 15 min at 20-22 ,
force-hybridized for 3 h at 38  and hybridized for 12 h at 38 .
Finally, the slides were washed 4 times with PBS, each time for
5 min. After trickled with biotin-rat antibodies to digoxin at 37 
for 60 min, then streptavidin-biotin-enzyme complex (SABC)
was added at 37  for 20 min and biotin-peroxidase was added
at 37  for 20 min. At last the slides were washed 4 times with
PBS, each time for 5 min, and stained with DAB for 2-4 min. The
positive expression of α-glucosidase showed brown staining
signals in villi of small intestine and GLUT2 in incisures between
two villi of small intestine.

Statistical analysis
Data was tested using Student’s t-test. The measurement results
were expressed as mean±SD.

RESULTS
Effects of sodium orthovanadate on glucose absorption
Sodium orthovanadate at the dosage of 10 µmol/L, 100 µmol/L,
1 000 µmol/L delayed the increase of blood glucose concentration
induced by lavaged glucose (22 g/kg) after 1.5-2 h (Figure 1A),
and decreased the AUC in these groups to that in control
[17.03±0.60 mmol/(L·h)] (P<0.05), which was [8.24±0.63 mmol/(L·h)]
(P <0.01), [9.69±0.38 mmol/(L·h)] (P <0.01), [13.76±0.39 mmol/(L·h)]
(P<0.05), respectively.

Effects of sodium orthovanadate on maltose absorption
Blood glucose concentration increase in rats after maltose
feeding (22 g/kg) was delayed by both sodium orthovanadate
and acarbose, the peak values were shown 2 h after maltose
loading, and high and moderate dosages of sodium orthovanadate
also inhibited the increase of the blood glucose concentration
peak value (P<0.05) (Figure 1B). The AUC of blood glucose
concentration in sodium orthovanadate groups at the 3
dosages was markedly lower than that in the control group
[18.40±1.46 mmol/(L·h)]. AUC at high and moderate dosages was
[8.97±1.56 mmol/(L·h)], and [6.19±0.47 mmol/(L·h)], both were lower
than that in acarbose group with AUC [13.10±0.43 mmol/(L·h)]
(P <0.05).

Effects of sodium orthovanadate on ααααα-glucosidase activity in
small intestine
Sodium orthovanadate at the dosages of 10 µmol/L, 100 µmol/L,
1000 µmol/L, could inhibit α-glucosidase activity in small
intestine, the percentage of inhibition was 68.18%, 87.22% and

91.91%, respectively. The inhibiting action of sodium
orthovanadate (100 µmol/L) was stronger than that of the same
dosage of acarbose (70.37%) (P<0.05, Table 1).

Table 1  Inhibitory effect of sodium orthovanadate on α -
glucosidase activity in small intestine (mean±SD, n = 8)

Group            Dosage           A           Percentage of
         (µmol/L)            inhibition (%)

Control -       0                 100.00

Standard -      0.594        0.00

Acarbose 100 0.176±0.076 70.37±6.43

Na3VO4 10 0.189±0.034 68.18±3.46

100 0.076±0.019 87.22±2.00a

1000 0.048±0.012 91.91±4.23b

aP<0.05, bP<0.01 vs positive control group.

Effects of sodium orthovanadate on ααααα-glucosidase and GLUT2
mRNA expression in small intestine
Sodium orthovanadate at the dosages of 1 mg/kg, 4 mg/kg and
16 mg/kg, could depress α-glucosidase mRNA expression in
epithelial cells of small-intestine, the positive expression
number of α-glucosidase particles in each villus was 38±5,
34±5 and 33±4. They were fewer than that in control group
(45±6), (P <0.05) (n = 16) (Figures 2 A, B). The inhibiting action
of sodium orthovanadate showed no marked difference between
high and moderate dosages. GLUT2 mRNA was diffusely
expressed in the incisures between two villi of small intestine.
Sodium orthovanadate could inhibit GLUT2 mRNA expression
in a dose-dependent manner. In the vision field of 100 cm2, the
expression area of GLUT2 mRNA was decreased to 0.5±0.12 cm2,
0.77±0.15 cm2, 1.02±0.24 cm2 after sodium orthovanadate
loading at the 3 dosages from 2.5±0.5 cm2 in control group
(P<0.05) (n = 16) (Figures 2 C, D).

DISCUSSION
First, in this study, we observed the effects of sodium orthovanadate
on glucose and maltose absorption. The result proved that
sodium orthovanadate could delay the increase of blood glucose
concentration after glucose or maltose feeding and decrease AUC.
       Generally, sugar is divided into monosaccharide, disaccharide
and polysaccharide. The absorption of monosaccharide is an
active transport process with energy consumption. Na+-
dependent transporters exist in the brush border of epithelial
cells in intestinal mucosae, which can transport Na+ along its
concentration gradient and monosaccharide counter to its
concentration gradient into cells from intestinal lumen via the
brush border, then both Na+ and monosaccharide diffuse into
blood. In this process, the exchange activity of Na+/K+-ATPase
plays an important role in maintaining the Na+ concentration
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Figure 1  Effects of sodium orthovanadate on glucose absorption (A) and maltose absorption (B) in small intestine (n = 8).



gradient. Decreased activity of Na+/K+-ATPase can influence
glucose transport and therefore decrease blood glucose
concentration. In addition, GLUT2 existing in the epithelial cells
of intestinal villi incisures can directly transport glucose into
cells. Decreased expression and limited translocation process
from cytoplasm to cell membranes of GLUT2 will decrease glucose
absorption from the small intestine. In normal conditions,
polysaccharides are the mainly existing pattern in foods, which
can be absorbed into blood after degradation into oligosaccharides
and disaccharides by amylase and further into monosaccharides
by α-glucosidase existing in the brush border of epithelial cells in
intestinal mucosae. So α-glucosidase is a very important factor,
which can affect glucose absorption in small intestine. Acarbose,
a kind of inhibitors of α-glucosidase used in clinic at present, can
depress the absorption of polysaccharides by inhibiting α-
glucosidase activity and effectively decrease postprandial
blood glucose level of diabetes mellitus[12,13], therefore Na+/K+-
ATPase, GLUT2 and α-glucosidase play the main role in increasing
postprandial blood glucose concentration. Postprandial blood
glucose concentration would change if any of them has dysfunction.
      Sodium orthovanadate has antihyperglycemic actions by
various means, such as increasing the protein expression of
GLUT4 in skeletal muscles, accelerating hexose transport,
increasing glycogen synthetase production by stimulating
dextrose oxidan[14,15], accelerating glycolysis and lipid synthesis,
depressing Na+ reabsorption via acting on Na+/Ca2+ exchanger[16].
     In the present study, we only investigated the effects of
sodium orthovanadate on small-intestinal sugar absorption in
rats. First, we observed the effects of sodium orthovanadate
on glucose absorption. Glucose is a monosaccharide, which
can be directly absorbed by the small-intestine without
hydrolysis, so the function of both GLUT2 and Na+/K+-ATPase
can be reflected by its absorption state. The first body response
after monosaccharide absorption is to induce insulin release
by stimulating pancreatic islets to decrease blood glucose
concentration. For this reason, blood sugar peak values show
the tendency to elevate first and then decline, thus typical
OGTT curve is formed. Studies have shown that acarbose, a
kind of inhibitors of α-glucosidase, can inhibit the hydrolysis
of disaccharides and polysaccharides, and then decrease
postprandial blood glucose concentration and protect OGTT,

but it could not depress glucose absorption. Our results are
similar to previous studies[17-19]. In order to eliminate the lowering
effect on blood sugar of insulin induced by pancreatic islets,
sodium orthovanadate was orally administered into rats for 6 d
to maintain a stabilizing effect on islet cells. Our results showed
that sodium orthovanadate at all the 3 dosages could delay the
absorption of glucose and blood sugar concentration peak
value with decreased AUC in a dose-dependent manner.
Compared with the control group, blood sugar concentration
decrease at 0.5 h and 1 h after sodium orthovanadate feeding
was due to decreased glucose absorption, but not due to insulin
release, because AUC peak value was delayed but not extincted.
The results imply that the activity and function of both Na+/
K+-ATP and GLUT2 may participate in this kind of actions of
sodium orthovanadate. Studies have evidenced that sodium
orthovanadate is a Na+/K+-ATPase inhibitor, and has been used
widely as a tool drug[20]. So it is generally accepted that sodium
orthovanadate can depress sugar absorption via inhibiting the
activity of Na+/K+-ATPase in the small intestine. The results in
our study suggest that sodium orthovanadate can inhibit sugar
absorption via affecting the function of GLUT2, because it
could markedly inhibit the expression of GLUT2 mRNA in small-
intestinal epithelia of normal rats.
      But we still do not know if it is the whole mechanism of
sodium orthovanadate underlying the inhibition of sugar
absorption, and whether it also can affect the absorption of
polysaccharides and disaccharides. Therefore we estimated
the effect of sodium orthovanadate on maltose absorption.
       Maltose is composed of two monosaccharides coupled with
α-1,4 glycoside linkages, which can be absorbed only after it is
hydrolyzed by α-glucosidase in the intestinal tract. The data
reported here suggest that sodium orthovanadate can delay
the absorption of maltose and the blood sugar concentration
peak value in a dose-dependent manner. Moreover, the AUC
of sodium orthovanadate in moderate and large dosage groups
and acarbose group was definitely lower than that in the control
group. The action of sodium orthovanadate was stronger than
that of acarbose, because the AUC of sodium orthovanadate in
moderate and high dosage groups was lower than that in the
acarbose group. This phenomenon may be due to two reasons:
One is the inhibition of sodium orthovanadate on the activity
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Figure 2  Effects of sodium orthovanadate on α-glucosidase and GLUT2 mRNA expression in small intestine A: Control group of
α-glucosidase B: Sodium orthovanadate (4 mg/kg, 60×) on α-glucosidase C: Control group of GLUT2 D: Sodium orthovanadate
(4 mg/kg, 60×) on GLUT2.
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of Na+/K+-ATPase and GLUT2 mRNA expression was stronger
than that of acarbose on α-glucosidase, the other is that sodium
orthovanadate might also inhibit the activity of α-glucosidase
besides its action on Na+/K+-ATPase and GLUT2 mRNA
expression. Its double action decreased blood sugar markedly.
In order to further verify our tentative idea, we observed the
influence of sodium orthovanadate on the activity of α-
glucosidase; the results indicated that sodium orthovanadate could
depress α-glucosidase activity in a dose-dependent manner.
       There are two ways of sodium orthovanadate in decreasing
the activity of α-glucosidase. One is that sodium orthovanadate
could decrease α-glucosidase activity without enzyme protein
content changes. The other is that it could reduce the expression
of α-glucosidase. So we detected mRNA expression of α-
glucosidase by in situ hybridization. The result demonstrated
that sodium orthovanadate could depress the mRNA expression
of α-glucosidase in a dose-dependent manner.
       In conclusion, sodium orthovanadate has the ability to inhibit
sugar absorption via versatile means which affect the function
and activity of Na+/K+-ATPase, inhibit the activity and gene
expression of α-glucosidase as well as depress gene expression
of the glucose transporter.
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