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ABSTRACT 
 

Background: Diabetes is a major public health problem. The development of new therapies that are able to 
improve glycemia management and even to cure diabetes is of great interest. In this study, protective effects 
of sodium tungstate against STZ-induced beta-cell damages were investigated.  Methods: Sixty rats were 
divided into six groups: control, diabetic, sodium tungstate treated diabetic rats from one week before STZ 
injection (TDB), food-restricted diabetic (FRD), tungstate treated control, sodium tungstate treated diabetic 
rats from one week after STZ administration (TDA). We evaluated serum insulin, glucose and glucose 
tolerance; liver glycogen content, glucokinase (GK) activity; blood and pancreas antioxidant power, lipid 
peroxidation; and fuchsin-aldehyde histochemical staining of beta-cells. Results:  Blood glucose levels of 
TDB group were lower than other diabetic groups (P<0.01). Blood insulin levels of all diabetic groups were 
lower than controls (P<0.01). Glucose intolerance improved in TDB animals. Blood and pancreas antioxidant 
power, liver glycogen contents and GK activities and granulated beta cells increased in TDB rats in 
comparison with other diabetic groups (P<0.01). Likewise, lipid peroxidation decreased significantly in TDB 
rats (P<0.01). Conclusions: Results suggested that sodium tungstate if administrated before STZ injection 
improves glycemic state by a direct effect on pancreatic beta-cells and preserves them by reducing the activity 
of these cells at the time of STZ injection, reducing STZ-induced oxidative stress, reducing insulin secretion, 
or all of the above mentioned.  Iran. Biomed. J. 12 (3): 143-152, 2008 
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INTRODUCTION 
 

iabetes mellitus is a group of metabolic 
disorders of carbohydrate characterized by 
hyperglycemia resulting from defects in 

insulin secretion, insulin action, or both. The chronic 
hyperglycemia was found to increase the production 
of free radicals that is associated with long-term 
damage, dysfunction, and failure of various organs, 
especially the eyes, kidneys, nerves, heart, and blood 
vessels [1]. Evidences indicate that free oxygen 
radicals and membrane lipid peroxidation are 

significantly increased in diabetic patients and in 
experimental diabetic animals [2]. The increased 
production and/or ineffective scavenging of reactive 
oxygen species (ROS), resulting in tissue damage 
that in most instances is assessed by the 
measurement of lipid peroxides [3, 4].  

The prevalence of diabetes for all age groups 
worldwide was estimated to be 2.8% in 2000 and 
4.4% in 2030. The total number of people with 
diabetes is projected to rise from 171 million in 2000 
to 366 million in 2030 [5]. 

In spite of the introduction of hypoglycemic drugs, 
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diabetes and related complications continue to be a 
major medical problem. Therefore, new agents that 
are able to control and even to treat diabetes are of 
great interest. In recent years, several inorganic 
elements have been described that mimic the effects 
of insulin or increase insulin action. These include 
derivatives of vanadium [6, 7], chromium [8], 
molybdenum [9], cobalt [10] and Zinc [11]. Recent 
studies have also shown that sodium tungstate 
possesses anti-diabetic activity in several diabetic 
animal models [12-14]. This element increases the 
effects of insulin both in vivo and in isolated cells 
and tissues [15, 16]. Report also indicated that 
tungstste regenerates pancreatic beta-cells 
population in neonatal STZ rats, a type 2 diabetes 
model [17].  

Type I diabetes mellitus resulting from selective 
destruction of the insulin producing beta cells in the 
pancreatic islets [18]. Hence, search for new agents 
that protect beta cells from destruction and thereby 
prevent type I diabetes is needed. The protective 
effect of sodium tungstate on beta-cells damage 
induced by streptozotocin in type I diabetic animal 
model has not been previously investigated. 
Previous studies indicated that sodium tungstate 
improves diabetes complications [12-18] and here 
we evaluate the glycemic control and pancreatic 
beta-cells protective effects of sodium tungstate in 
streptozotocin-induced type I diabetic rat.  

 
 

MATERIALS AND METHODS 
 

Animals and preparations.  The study was 
performed on mature normoglycemic male Wistar 
rats, weighing 200-220 g, which were separately 
housed in cages (one rat per cage). Animals were 
maintained in a room at 23°C ± 2, humidity 45% to 
55% with a fixed 12-h artificial light period and 
allowed to eat and drink ad libitium. All animals 
were fed with standard rodent diet and received 
human care, as outlined in the guide for the care and 
use of laboratory animals. This study was approved 
by Ethical Committee of Zahedan University of 
Medical Sciences (Zahedan, Iran). 

 
Induction of diabetes in animals. Type I diabetes 

was induced by a single i.p. administration of 
streptozotocin (50 mg/kg of body weight) in 0.15 M 
NaCl with 100 mM sodium citrate buffer (pH 4.5).  

 
Experimental design.  Sixty rats were divided into 

six following groups (n = 10): (i) Control group 

received standard rodent diet and tap water. After 
one week they received i.p. vehicle (0.15 M NaCl 
with 100 mM sodium citrate buffer). (ii) Tungstate 
treated control (TC) group received standard rodent 
diet, and tap water supplemented with 1-1.75 mg/ml 
sodium tungstate during the experiment. (iii) 
Diabetic group received standard rodent diet and tap 
water. Diabetes was induced by i.p. injection of STZ 
as mentioned.  (iv) sodium tungstate treated one 
week before induction of diabetes (TDB). This 
group received standard rodent diet, and tap water 
supplemented with 1 mg/ml sodium tungstate at one 
week before STZ injection. In an effort to increase 
the normoglycemic response, the concentration of 
tungstate was gradually raised by increment of 0.25 
mg/ml to a maximum concentration of 1.75 by 5 
weeks. (v) Food-restricted diabetic group (FRD) 
received tap water and same amount of food as that 
consumed by TDB group. Because tungstate 
treatment was accompanied by a reduced weight 
gain, which may possible influence glucose 
homeostasis [14], a group of untreated diabetic rats 
received a restricted amount of food (FRD) to ensure 
a body weight gain similar to that of tungstate-
treated animals (TDB). This amount was 
experimentally adjusted daily and was given them in 
two rations (one-third at 9.00 h and two thirds at 
18.00 h). (vi) Sodium tungstate treated one week 
after induction of diabetes (TDA). This group 
received standard rodent diet, and tap water 
supplemented with 1-1.75 mg/ml sodium tungstate 
at one week after administration of STZ and 
continued by 5 weeks. Food and fluid intake of all 
groups were measured daily, and body weight, blood 
glucose and insulin were measured every week. 

The experiment was carried out for 5 weeks after 
STZ administration in diabetic groups. At the end of 
the experiment and after overnight fast, all animals 
were sacrificed under light ether anesthesia. 
Immediately, blood samples were collected from tail 
vein. A fraction of blood sample was collected in 
EDTA for preparation of plasma, and another 
fraction was immediately placed on ice and 
centrifuged within 15 min after blood collection at 
2500 × g for 15 min. Plasma and serum were stored 
at -20°C for less than 2 weeks before subsequent 
analysis. 

 
 Isolation of liver and pancreas tissues.  After 

sacrificing the animals, their livers were perfused 
with cold saline to remove blood. Then, they were 
quickly sliced, and fragments used to measure 
enzyme activity, and glycogen content. The 
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pancreases were quickly removed, placed in cold 
saline solution and trimmed of adipose tissue. The 
pancreases were used for determination of 
antioxidant power and histological study. 

 
Preparation of tissues homogenize for evaluation 

of oxidative stress. Fractions of pancreases were 
homogenized (1:10, w/v) in 0.05 M sodium 
phosphate buffer, pH 7.4 and were directly used for 
determination of malondialdehyde (MDA) and total 
antioxidant power. 

 
 Oral glucose tolerance test (OGTT).  After an 

overnight fast (at 5 weeks post STZ administration), 
rats of all groups were received 1 g/kg of a 40% 
glucose solution by oral gavage. Glucose 
concentrations were measured before and at 15, 30, 
60, and 120 min after glucose administration. OGTT 
was performed on animals that were anesthetized 
with i.p. injection of ketamine hydrochloride (60 
mg/kg body weight).  

 
 Assay. Serum aspartate aminotransfrase (AST), 

alanine aminotransferase (ALT), and glucose levels 
were measured by standard methods adapted for a 
RA 1000 analyzer (Technicon, USA). Serum insulin 
levels were determined by ultra sensitive rat insulin 
kit (DRG, France), using double-antibody ELISA. 
Liver glycogen content was determined as described 
[19]. Glucokinase (GK) activity in liver 
homogenates was measured by continuous method 
as described [20]. Lipid peroxidation product MDA 
was measured according to the method described by 
Jain and Levine [21]. Thiobarbitiuric acid reactive 
substances (TBARS) were expressed per milligram 
of tissue protein. Botylated hydroxyl toluene was 
used to prevent an in vitro increase of MDA during 
the experiment. Antioxidant power of blood and 
pancreas was measured by ferric reducing/ 
antioxidant power (FRAP). FRAP assay was 

performed according to the method as described [22]. 
The results were expressed as µmol/l FeII per 
milligram of protein. Protein concentration was 
determined by folin-ciocalteu method using bovine 
serum albumin as standard [23]. 

 
Pancreas histology. A portion of pancreas was 

fixed in modified Lillie’s solution for one week, 
processed and embedded in paraplast. Thick sections 
(4 µm) were stained for granulated beta cells by 
modified aldehyde fuchsin histochemical method 
[24]. By this procedure, beta and alpha cells in islets 
of pancreas were stained purple-violet and yellow, 
respectively.  

 
Statistical data analysis.  Results were expressed 

as mean ± SE. To confirm normal distribution, data 
were analyzed by one-sample Kolmogrov-Smirnov 
test and then by levene’s test. One-way analysis of 
variance (ANOVA) followed by Tukey's post hoc 
test for multiple comparisons was used to compare 
differences among experimental groups. Significant 
level was set at P<0.05. All statistical analyses were 
performed using SPSS 11 for Windows software 
system. 

 
RESULTS 

 
Physiological parameters.  Table 1 shows body 

weight, food and fluid intake, urine volume in 
control and diabetic animal models. Diabetic and 
TDA groups showed significant (P<0.01) weight 
loss, polyphagia, polydipsia and polyuria, when 
compared with control rats (control and TC) at the 
end of treatment period. In TDB and FRD groups 
polyphagia, polydipsia, and polyuria reduced 
significantly (P<0.01) when compared with diabetic 
and TDA groups. Also, the body weight of TDB and 
FRD groups significantly reduced (P<0.01) when 
compared with control animals.  

 
 
 

   Table 1. Changes in body weight, food and fluid intake, and urine volume in each experimental group (n = 10), at the end of the 
experiment.  
 

Groups C D FRD TDB TC TDA 
Body weight (g) 378.25 ± 11.01 314.45 ± 13.88a     283.16 ± 7.29b      270.48 ± 9.21b    350.48 ± 8.91b       321.98 ± 7.11a 
Food intake (g/day) 35.48 ± 1.49 62.79 ± 2.87a 21.74 ± 2.51b 23.43 ± 2.54b 23.75 ± 1.06b 54.79 ± 1.18a 
Fluid intake (ml/day) 50.38 ± 2.16 378.56 ± 8.73a 158.82 ± 8.72b 79.73 ± 2.69b 41.25 ± 1.65b 377.45 ± 8.42a 
Urine volume (ml/day) 46.66 ± 2.36 351.32 ± 11.27a 141.39 ± 8.02b 68.45 ± 3.12b 38.76 ± 0.42b 337.98 ± 1.71a 

 
 

The values represent the mean ± SE.  C, control; D, diabetic; FRD, food-restricted diabetic; TDB, tungstate treated one week before 
diabetes induction by STZ, and continued for 5 weeks; TC, healthy rats receiving tungstate; TDA, tungstate treatment began one week 
after diabetes induction. aP<0.01 compared to control group and bP<0.01 compared to diabetic groups. 
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  Table 2. Change in blood glucose levels in each experimental group (n = 10) during the experiment.  
 

Groups 
Blood glucose (mg/dl) 

-1 week 0 week 1 week 2 weeks 3 weeks 4 weeks 5 weeks 
C 78.25 ± 1.3 83.78 ± 0.94 86.45 ± 1.5 82.49 ± 1.7 88.75 ± 1.18 75.42 ± 0.87 82.55 ± 1.61 
D 80.51 ± 1.8 82.48 ± 1.35 271.21 ± 3.05a 283.32 ± 3.34a 291.78 ± 2.97a 298.33 ± 3.55a 306.89 ± 3.91a 
FRD 75.32 ± 1.48 79.51 ± 1.03 263.42 ± 3.45a 281.13 ± 3.21a 289.35 ± 3.83a 296.57 ± 2.72a 290.44 ± 3.55a 
TDB 80.19 ± 1.22 83.42 ± 1.32 131.46 ± 1.74b 95.45 ± 1.7b 87.39 ± 1.98b 81.86 ± 2.01b 85.39 ± 2.29b 
TC 83.9 ± 1.28 85.29 ± 1.84 82.78 ± 1.09 87.63 ± 1.24 84.25 ± 2.1 84.74 ± 0.88 84.70 ± 1.68 
TDA 83.56 ± 1.32 84.28 ± 1.71 256.03 ± 3.74a 262.64 ± 3.8a 268.47 ± 3.9 a 275.56 ± 2.8 a 280.91 ± 3.33 a 

 
 

The values represent the mean ± SE.  C, control; D, diabetic; FRD, food-restricted diabetic; TDB, tungstate treated one week before 
diabetes induction by STZ, and continued for 5 weeks; TC, healthy rats receiving tungstate; TDA, tungstate treatment began one week 
after diabetes induction. -1 week, one week before injection of STZ, and initial time of administration of sodium tungstate in TDB rats; 
0 week, initial time of STZ injection in diabetic rats; aP<0.01 compared to control group and bP<0.01 compared to diabetic, and FRD 
groups.     

 
 
Blood glucose levels.  Table 2 shows change in 

blood glucose levels of control and diabetic rats 
during the experimental period. After STZ injection, 
the blood glucose levels of diabetic, TDA and  
FRD groups significantly increased (P<0.01)  
when compared with controls. In contrast, treatment 
with sodium tungstate one week before 
administration of STZ in TDB rats significantly 
(P<0.01) protected rats from elevation of  
blood glucose levels compared to corresponding 
diabetic, TDA and FRD rats at any time point of 
experiment.  

 
Blood insulin levels.  Blood insulin level of 

control  and  diabetic  rats  during  the  experiment is 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Fig. 1. Change in blood insulin levels in control and diabetic 

rats during the experiment. The values represent the mean ± SE. 
C, control; D, diabetic; FRD, food-restricted diabetic;  
TDB, tungstate treated one week before diabetes induction  
by STZ, and continued for 5 weeks; TC, healthy rats  
receiving tungstate; TDA, tungstate treatment began one  
week after diabetes induction (-1 week, One week before 
injection of STZ, and initial time of administration of  
sodium tungstate in TDB rats; 0 week, initial time of STZ 
injection in diabetic rats).  

shown in Figure 1.  Blood insulin levels in all STZ-
induced diabetic groups significantly reduced when 
compared with control groups over 5 weeks 
(P<0.01). However, sodium tungstate treatment in 
TDB group lowered blood insulin to greater extent 
than FRD, diabetic and TDA groups. 

  
OGTT.  After an overnight fast, blood glucose 

levels (time 0 of the OGTT) in TDB rats were lower 
(P<0.01) than in diabetic, TDA and FRD rats, but 
were not different from those in control (control and 
TC) rats (Fig. 2A). During OGTT, mean blood 
glucose levels remained less than 150 mg/dl in 
control rats, but rose to more than 500 mg/dl in 
diabetic, TDA and FRD rats and did not thereafter 
return to basal levels (Fig. 2A). In sodium tungstate 
pre-treated rats (TDB), glucose levels were 
consistently lower (P<0.01) than in diabetic, TDA or 
FRD rats and were normalized at 120 min. In other 
words, FRD rats unlike TDB group, continued to 
demonstrate marked glucose intolerance, similar to 
diabetic and TDA rats. Insulin secretory response in 
all diabetic groups markedly reduced relative to 
controls (Fig. 2B).  

 
Liver glucokinase activity.  Liver GK activities, 

which abolished in diabetic, TDA and FRD rats, 
markedly corrected by sodium tungstate in TDB rats 
and reached to those of control animals (Fig. 3). 

 
 Liver glycogen concentration.  Liver glycogen 

concentration decreased by ~ 75% in diabetic, TDA 
and FRD when compared with control rats (P<0.01). 
Also, liver glycogen reserves markedly increased by 
~92% (P<0.01) in TDB rats when compared to those 
in diabetic, TDA or FRD rats. In diabetic rats, 
sodium tungstate protected hyperglycemia by an 
increase in liver glycogen concentration (Fig. 4).  
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        (A) 

 
 
 

         (B) 
 

 
 
 
Fig. 2. Change in (A) blood glucose and (B) blood insulin 

levels during OGTT in control and diabetic rats. The test 
performed after 5 weeks of STZ injection. The values represent 
the mean ± SE. C, control; D, diabetic; FRD, food-restricted 
diabetic; TDB, tungstate treated one week before diabetes 
induction by STZ, and continued for 5 weeks; TC, healthy rats 
receiving tungstate; TDA, tungstate treatment began one week 
after diabetes induction. 

 

 
Oxidative stress parameters.  Diabetes led to 

increase of TBARS concomitant with decrease 
FRAP in blood and pancreas whereas sodium 
tungstate pretreatment counteracted these 
abnormalities (Table 3).  

 
Hepatotoxicity.  Blood aminotransferase activities 

significantly increased (P<0.01) in diabetic, TDA 
and FRD rats when compared with control animals.  

Treatment with sodium tungstate before STZ 
injection significantly decreased (P<0.01) blood 
AST and ALT activity in TDB group as compared to 
those of diabetic, TDA and FRD groups (Fig. 5). 

 
Islets histology. Figure 6 shows photo-

micrographs of aldehyde fucshin histochemical 
staining of pancreas in control and diabetic rats. 
Pancreas in control animals possessed normal  
islets   with   clusters  of  purple granulated beta cells 
Fig. 6A). STZ in diabetic rats led to atrophy of the 
islets and degenerative changes of beta cells (Fig. 
6B). In contrast, pretreatment with tungstate 
protected marked cellular degeneration of beta cells 
(of islets in TDB rats (Fig. 6C). The section of FRD 
pancreas showed atrophy of islet and degenerative 
changes of beta cells (Fig. 6D). Pancreas in TC 
animals possessed normal islets (Fig. 6E). STZ in 
TDA rats led to atrophy of islets and degenerative 
changes of beta cells (Fig. 6F). 

 

 
 

 
Fig. 3. Change in liver glucokinase activity of control and 

diabetic rats at the end of the experiment. The values represent 
the mean ± SE. C, control; D, diabetic; FRD, food-restricted 
diabetic; TDB, tungstate treated one week before diabetes 
induction by STZ, and continued for 5 weeks; TC, healthy rats 
receiving tungstate; TDA, tungstate treatment began one week 
after diabetes induction.  

 
 

  Table 3. Change in Concentration of TBARS and FRAP of blood and pancreas in control and diabetic animals.  

Groups 
TBARS (nmol/mg protein) FRAP (µmol FeII/mg protein) 

Blood Pancreas Blood Pancreas 
C 0.76 ± 0.04 0.41 ± 0.06 0.26 ± 0.04 0.98 ± 0.07 
D 1.03 ± 0.09a 1.08 ± 0.07a 0.11 ± 0.03a 0.37 ± 0.04a 
FRD 0.96 ± 0.08a 1.04 ± 0.05a 0.13 ± 0.02a 0.46 ± 0.03a 
TDB 0.79 ± 3.85b 0.48 ± 0.03b 0.22 ± 0.02b 0.82 ± 0.06b 
TC 0.63 ± 0.07 0.35 ± 0.05         031 ± 0.05 0.95 ± 0.04 
TDA 0.97 ± 0.04a 1.01 ± 0.03a 0.14 ± 0.02a 0.42 ± 0.03a 

 

The values represent the mean ± SE. C, control; D, diabetic; FRD, food-restricted diabetic; TDB, tungstate 
treated one week before diabetes induction by STZ, and continued for 5 weeks; TC, healthy rats receiving 
tungstate; TDA, tungstate treatment began one week after diabetes induction. aP<0.01 compared to control 
group and bP<0.01 compared to diabetic, and FRD groups. 
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Fig. 4. Changes in liver glycogen concentration of control and 
diabetic rats at the end of the experiment. The values represent 
the mean ± SE. C, control; D, diabetic; FRD, food-restricted 
diabetic; TDB, tungstate treated one week before diabetes 
induction by STZ, and continued for 5 weeks; TC, healthy rats 
receiving tungstate; TDA, tungstate treatment began one week 
after diabetes induction. 

 
 

DISCUSSION 
 

Our study showed that pretreatment with sodium 
tungstate ameliorates diabetic state after   STZ 
injection. It ameliorated hyperglycemia and 
impaired hepatic glucose metabolism and, protected 
beta cells from oxidative stress and degeneration by 
STZ. STZ was found to generate ROS, which 
contribute to DNA fragmentation and evoke other 
deleterious changes in beta cells [25].  

Pharmacological interventions, that effectively 
stabilize a functional beta cell mass at the onset of 
type I diabetes, have been shown to induce a chronic 
amelioration of the diabetic state [26]. In rats, 
pretreatment with exogenous insulin for 5 days 
offsets the diabetogenic action of STZ by preserving 
30% of the pancreatic insulin content, an effect 
attributed to a reduced activity of beta-cells at the 
time of STZ injection [27]. In contrast, increased 
metabolic activity by incubating at high glucose STZ 
[28]. It has been shown that sodium tungstate has 
insulin like effects [12], thus in our opinion, this 
compound may reduce activity of beta cells at the 
time of STZ injection and prevent them from 
degeneration. When beta-cell death occurred (in 
TDA group), in a short time, and with a low dose of 
sodium tungstate, injuries could not repair 
completely, and it seems that hyperglycemia and 
oxidative stress induced by STZ would be hazardous 
for pancreas, liver, kidneys and other organs. 

Our study showed that pretreatment with sodium 
tungstate ameliorates hyperglycemia and impaired 
hepatic glucose metabolism seen in diabetic rats. 

These advantages may attribute to insulin-like 
properties of tungstate [12] and restoration of B-cells 
function [13].  

Tungstate also affected hepatic glucose 
metabolism parameters in healthy control (TC) rats. 
Modifications were similar to those observed in 
diabetic animals, but   the   effects were in general 
much weaker in TC rats. However, glycemia in 
these animals rose slightly by tungstate. As it was 
reported by Barbera et al. [12], tungstate acts by 
modulating some mechanisms that are functional in 
healthy animals, but strongly restricted to diabetes. 

Other studies also showed that tungstate could 
normalize glycemia in diabetic rat. They 
administered higher doses of sodium tungstate (up to 
2 mg/ml) and for longer time (at least 60 days) in 
Zucker diabetic fatty obese or neonatal STZ-induced 
diabetic rats [12, 13, 16]. In agreement with our 
finding, other studies have reported that food 
restriction   has    no   beneficial   effect   on   hepatic 

 

 
 
 

 
 
 
Fig. 5.  Changes in (A) blood aspartate aminotransferase and 

(B) blood alanine aminotransferase activities of control and 
diabetic rats at the end of treatment period. The values represent 
the mean ± SE. C, control; D, diabetic; FRD, food-restricted 
diabetic; TDB, tungstate treated one week before diabetes 
induction by STZ, and continued for 5 weeks; TC, healthy rats 
receiving tungstate; TDA, tungstate treatment began one week 
after diabetes induction. 
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Fig. 6.  Demonstrate the histological sections of pancreas in control and diabetic rats. (A) C group; (B) D group; (C) TDB group; 
(D) FRD group; (E) TC group; and (F) TDA group. Modified aldehyde fuchsin histochemical staining, 400×. Beta cells in pancreatic 
islets stained purple-violet (arrow heads) and A-cells stained yellow (arrow). 

 
 

glucose metabolism in STZ-diabetic rats [29]. Thus, 
our results confirmed that the amelioration of 
hyperglycemia by sodium tungstate was separate 
from that of a reduced food intake. Blood insulin 
levels of TDB, diabetic, TDA and FRD rats were 
comparable and significantly lower than control 
groups (control and TC). In TDB group, restriction 
effectively abolished temporal insulin 
hypersecretory phase following STZ, and resulted in 
significantly improved insulin stores. Hence, it 
appears that tungstate may have preserved the 
residual beta cell mass by preventing its gradual 
exhaustion [29].    

Tungstate has insulin-like effect and there is 
agreement between our view and that of other 
authors [12, 15, 16]. In TDB group, it showed that 
normoglycemic effect of tungstate was not due to an 
increase in the serum insulin levels. This suggests 
that tungstate can exert a direct inhibitory effect on 
insulin secretion in pancreatic beta cells. Aside from 
a sustained inhibitory effect on insulin release, it is 
also possible that normalization of glucose level by 
tungstate may reduce functional demand and result 
in partial protection of beta cells. Interestingly, 
several elements that were found to have glucose-
lowering properties in STZ-diabetic rats, such as 
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molybdenum, selenium, vanadium and tungsten 
were similarly shown to induce slight to significant 
increase in insulin store or glucose-stimulated 
insulin secretion. Furthermore, tungsten has a direct 
trophic effect on islet cell line [29].  

Barbera et al. [12] showed that insulin-like effects 
of tungstate in the absence of insulin was 
considerable. Thus, in TC rats, with a normal insulin 
level, no insulin-like effect was detected. 

Tungstate can improve hepatic glucose 
metabolism by increasing the capacity of the liver to 
utilize glycolysis and glycogenesis, and to decrease 
its potential glucose output; increase of liver GK 
activity, G6PD activity and glycogen content were 
seen in TDB rats. Also, glucose intolerance 
improved in TDB animals. 

Our results indicated that pretreatment with 
sodium tungstate protects blood and pancreas of 
diabetic rats from oxidative stress. In uncontrolled or 
poorly controlled diabetic patients and STZ-induced 
diabetic animals, there are an increased glycemia 
and oxidative stress [29, 30]. Chronic hyperglycemia 
induces carbonyl stress which in turn can lead to 
increased lipid peroxidation [31], and increased 
concentration of lipid peroxidation induces oxidative 
damage by increasing peroxy radicals and hydroxyl 
radicals. Thus, lipid peroxidation is one of the 
characteristic features of chronic uncontrolled 
diabetes. The most commonly used indicator of lipid 
peroxidation is TBARS [32]. In our study, 
significant elevations of TBARS levels were 
observed in the blood and pancreas homogenate of 
diabetic rats compared to the corresponding control 
rats. Administration of sodium tungstate 
significantly decreased TBARS in pretreated 
diabetic (TDB) when compared with diabetic, FRD 
and TDA rats. Oxidative stress in diabetes coexists 
with a reduction in the antioxidant power [33].  

The present work showed a significant reduction 
in blood and pancreas homogenate FRAP in diabetic 
rats compared with controls. Similarly, Cakatay and 
Kayaki [34], indicated that total antioxidant capacity 
(FRAP) levels in plasma of chronic diabetic animals 
were decreased significantly as compared to those of 
controls. Pretreatment with sodium tungstate in TDB 
rats improved significantly antioxidant power when 
compared with diabetic, TDA and FRD groups. 
Likewise, data of this study indicate that 
pretreatment with sodium tungstate can either 
increase antioxidant power or reduce the oxidative 
stress or both in blood and pancreas of diabetic rats. 
Thus, tungstate can prevent STZ-induced damage of 
beta cells in this way. It has been shown that sodium 

tungstate exerted radioprotetive effects on 
hematopoietic injury caused by exposure to 60cobalt 
gamma rays in rats [35].  

In a study on STZ- induced diabetic rats, sodium 
tungstate (2 mg/ml in drinking water) during 8 
months, decreased serum glucose levels, prevented 
diabetic induced morphological changes in the 
kidney and ocular lenz, and reduced mortality. These 
results supported the possible use of tungstate as a 
long-term treatment of diabetes [16]. In our study, 
short time pretreatment with a low dose tungstate 
could exert this protective effect.    

In the present study, blood aminotransferase 
activities significantly increased in diabetic rats 
when compared with control animals. Pretreatment 
with sodium tungstate significantly decreased blood 
AST and ALT activity in TDB rats as compared to 
those of diabetic, TDA and FRD groups. Therefore, 
tungstate pretreatment may prevent STZ-induced 
hepatotoxicity in diabetic animals. There is an 
agreement with previous works in this point of view 
[12, 13, 16].  

Histopathological evaluation revealed an increase 
in the number of existing beta cells in sodium 
tungstate pretreated rats than untreated diabetic rats. 
Thus, it can be concluded that sodium tungstate 
similar to vanadium complexes relatively can 
conserve beta cells from STZ-induced damages [29, 
36]. Accordingly, we found that a 1-week tungstate 
pretreatment prevents the onset of diabetes. Thus, 
the protection of beta cells by tungstate can be due 
to its effects at the time of STZ administration and 
continue following the induction of diabetes. It has 
been shown that the reversion of diabetic phenotype 
observed in tungstate treated nSTZ rats (type II 
diabetes) is due to an increase in the beta-cell mass 
through neogenesis and thus lengthening the 
regenerative period [17]. 

In conclusion, the present study provided evidence 
that short-term pretreatment with sodium tungstate 
leads to amelioration of diabetic complication in 
animal models. Sodium tungstate preserves 
pancreatic beta cells in part by reducing STZ-
induced oxidative stress, decreases metabolic 
activity of pancreatic beta cells at the time of STZ 
injection, reduces insulin secretion and improves 
hepatic glucose metabolism. Hence, the combined 
effects of sodium tungstate in eliciting 
normoglycemia at remarkably low insulin reserves 
and in preserving residual insulin stores suggest that 
it may prevent the progressive deterioration of beta 
cells in prediabetic and newly diagnosed insulin 
dependent diabetes mellitus. Further studies will be 
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required on the beneficial effects of treatment with 
tungstate in diabetic patients. 

 
 

ACKNOWLEDGEMENTS 
 

This study was supported financially by the 
Deputy Research of Zahedan Medical Sciences 
University. The authors wish to acknowledge DR. 
Hamid Heirani-Moghaddam, Head of Department of 
Pathology for his help, and Zahra Jalaeian Bolouri 
(passed away), technician of central clinical 
diagnosis laboratory of Zahedan for her cooperation 
and helps. 

 
REFERENCES 

 
1. Mohamad, A.K., Bierhaus, A., Schiekofer, S., 

Tritschler, H., Ziegler, H., and Nawroth, P.P. (1999) 
The role of oxidative stress and NF (B) activation in 
late diabetic complication. Biofactors 10: 171-179.  

2. VanDam, P.S., and Bravenboer, B. (1997) Oxidative 
stress and antioxidant treatment in diabetic 
neuropathy. Neurosci. Res. Commun. 21: 41-48. 

3. Maxwell, S.R., Thopson, H., Sandler, D., Leguen, C., 
Baxter, M.A., Thrope, G.H., Jones, A.F., and Barnett, 
A.H. (1997) Antioxidant status in patients with 
uncomplicated insulin-dependent and non-insulin-
dependent diabetes mellitus. Eur. J. Clin. Invest. 27: 
484-490. 

4. Santini, S.A., Marra, G.,  Giardina, B.,  Cotroneo, P.,  
Mordenete, A.,  Martorana, G.E.,  Manto, A., and 
Ghirlanda, G. (1997) Defective plasma antioxidant 
defaces and enhanced susceptibility to lipid 
peroxidation in uncomplicated IDDM. Diabetes 46: 
1853-1858. 

5. Wild, S., Roglic, K., Green, A., Sicree, R., and King, 
H. (2004) Global prevalence of diabetes. Estimation 
for the year 2000 and projections for 2030. Diabetes 
Care. 27: 1047-1053. 

6. Gao, L.H., Liu, W.P., and Wang, B.L. (2006) Effects 
of bis (alpha-furancarboxylato) oxovanadium (IV) on 
non-diabetic and streptozotocin-diabetic rats. Clin. 
Chim. Acta. 368: 173-178. 

7. Harati, M., and Ani, M. (2004) Vanadyl sulfate 
ameliorates insulin resistance and restores plasma 
dehydroepiandrostrone-sulfate levels in fructose-fed, 
insulin resistant rats. Clin. Biochem. 37: 694- 697. 

8. Trumbo, P.R., and Ellwood, K.C. (2006) Chromium 
picolinate intake and risk of type 2 diabetes: an 
evidence-based review by the United States Food and 
Drug Administration. Nut. Rev. 64: 357-363. 

9. Ozcelikay, A.T., Becker, D.J., Ongemba, L.N., 
Pottier, A.M., Henquin, J.C., and Brichard, S.M. 
(1996) Improvement of glucose and lipid metabolism 
in diabetic rats treated with molybdate. Am. J. 
Physiol.  270: E344-E352. 

10. Vasudevan, H., and McNeill, J.H. (2007) Chronic 
cobalt treatment decreases hyperglycemia in 
streptozotocin-diabetic rats. Biometals. 20 (2):129-
134. 

11. Partida-Hernandez, G., Arrola, F., Fenton, B., Cabeza, 
M., and Roman-Ramos, R. (2006) Effect of zinc 
replacement on lipid and lipoproteins in type 2-
diabetic patients. Biomed. Pharmacol. 60: 161-168. 

12. Barbera, A., Rodriguez-Gil, J.E., and Guinovart, J.J. 
(1994) Insulin-like actions of tungstate in diabetic 
rats, Normalization of hepatic glucose metabolism. J. 
Biol. Chem. 269: 20047- 20053. 

13. Barbera, A., Fernardez-Averez, J., Truce, A., Gomis, 
R., and Guinovart, J.J. (1997) Effects of tungstate in 
neontally streptozotocin-induced diabetic rats: 
mechanism leading to normalization of glycemia. 
Diabetologia  40: 143-149.  

14. Barbera, A., Gomis, R.R., and Parts, N. (2001) 
Tungstate is an effective antidiabetic agent in 
streptozotocin-induced diabetic rat: a long-term study. 
Diabetologia  44: 507-513. 

15. Li, J., Elberg, G., Gefel, D., and Shechter, Y. (1995) 
Permolybdate and pertungstate-potent stimulators of 
insulin effects in rat adipocytes: mechanism of action. 
Biochemistry  34:  6218-6225. 

16. Munoz, M.R., Barbera, A., Dominguez, J., 
Fernandez-Alvarez, J., and Gomis R, R. (2001) 
Effects of tungstate, a new potential oral antidiabetic 
agent, in zucker diabetic fatty rats. Diabetes 50: 131- 
138. 

17. Fernandez-Alvarez, J., Barbera, A., Nadal, B., 
Barcelo-Batllori, S., Piquer, S., and claret, M. (2004) 
Stable and functional regeneration of pancreatic beta-
cell population in nSTZ-rats treated with tungstate. 
Diabetologia. 47: 470- 477. 

18. Kawasaki, E., Abiru, N., and Eguchi, K. (2004) 
Prevention of type 1 diabetes: from the view point of 
β cell damage. Diabetes. Res. Clin. Prac. 66: S27- 
S32. 

19. Hassid, W.Z., and Abrahams, S. (1966) Chemical 
procedure for analysis of polysaccharides. In: 
Colowick SP, Kaplan NO, editors. Methods in 
enzymology. Vol 3. CA: Academy press Co. New 
York. USA. pp. 34-37. 

20. Davidson, A.L., and Arion, W.J. (1987) Factors 
underlying significant understanding of glucokinase 
activity in crude liver extracts: physiological 
implications of higher cellular activity. Arch. 
Biochem. Biophy. 253: 156-167. 

21. Jain, S.K., and Levine, S.N. (1995) Elevated lipid 
peroxidation and vitamine E-quinon levels in heart 
ventricles of streptozotocin-traeted diabetic rats. Free. 
Radic. Biol. Med. 18: 337- 341. 

22. Benzie, I.F.F., and Strain, J.J. (1999) The ferric 
reducing/antioxidant power: Direct measured of the 
total antioxidant activity of biological fluids and 
modified version for simulations measurement of 

 [
 D

O
I:

 -
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

88
52

.2
00

8.
12

.3
.3

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j.p

as
te

ur
.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

                             9 / 10

http://dx.doi.org/-
https://dor.isc.ac/dor/20.1001.1.1028852.2008.12.3.3.0
http://ibj.pasteur.ac.ir/article-1-83-en.html


152                                                                                              Heidari et al.                                                   Iran. Biomed. J., July 2008 
 

 
http://IBJ.pasteur.ac.ir 

total antioxidant power and ascorbic acid 
concentration. Med. Enzymol. 299: 15-27. 

23. Lowery, O.H., Rosebrough, N.N., Far, A.L., and 
Randall, R.J. (1952) Protein measurement with the 
folin phenol reagent. J. Biol. Chem. 193: 265-275. 

24. Bancroft, J.D.  Gamble, M. (2002) Theory and 
practice of histological technique. 5th edition, 
Churchil Livingston, London. pp. 556-557 and 364. 

25. Takasu, N., Asawa, T., Komiya, I., Nagasawa, Y., 
and Yamada, T. (1991) Alloxan-induced DNA trend 
breaks in pancreatic islets. J.Biol.Chem. 266: 2112-
2114. 

26. Elliot, J.F. (1998) New approaches to preventing and 
treating Type 1 diabetes: discovering a method to 
preserve β cell mass after diagnosis should remain a 
key research focus. Can. J. Diabetes. Care. 138: 168-
174. 

27. Thulesen, J.,  Orskov, C.,  Holst, J.J.,  Seier, S., and  
Poulsen, S. (1997) Short term insulin treatment 
prevents the diabetogenic action of streptozotocin in 
rats. Endocrinol. 138: 62-68. 

28. Eiziric, D.L., Strandell, S., and Sandler, S. (1988) 
Culture of mouse pancreatic islets in different 
glucose concentrations modifies β cell sensitivity to 
streptozotocin. Diabetologia. 31: 51-57. 

29. Cam, M.C., Rodrigues, B., and McNeill, J.H. (1999) 
Distinct glucose lowering and beta cell protective 
effects of vanadium and food restriction in 
streptozotocin-diabetes. Eur. J. Endocrinol. 141: 
546-554. 

30. Vijayakumar, M., Govindrajan, R., Rao, G.M.M., 
Rao, C.V., Shirwaikar, A., Mehrota, S., and 

Pushpangadan, P. (2006) Action of Hygrophila 
auriculata against streptozotocin-induced oxidative 
stress. J. Ethnopharmacol. 104: 356-361. 

31. Baynes, J.W., and Thorpe, S.R. (1999) Role of 
oxidative stress in diabetic complications: a new 
perspective on an old paradigm. Diabetes. 48: 1-9. 

32. Motilla, P.L., Vargas, J.F., Tunez, I.F., Munoz De 
Agueda, M.C., Valdelvira, M.E., and Cabrera, E.S. 
(1998) Oxidative stress in diabetic rats induced by 
streptozotocin: preventive effects of melatonin. J. 
Pineal. Res. 25: 94-100. 

33. Seghrouchi, I., Dari, J., Bannier, E., Riviere, J., 
Calmard, P., Garcia, I., Orgiazzi, J., and Revol, A. 
(2002) Oxidative stress parameters in type I, type II 
and insulin-treated type 2 diabetes mellitus; insulin 
treatment efficacy. Clin. Chim. Acta. 321: 89-96. 

34. Cakatay, U., and kayali, R. (2006) The evaluation of 
altered redox status in plasma and mitochondria of 
acute and chronic diabetic rats. Clin. Biochem. 39: 
907-912. 

35. Sato, K., M. Ichimasa, K. Miyahara, M. Shiomi, Y. 
Nishimura, and Y. Ichimasa. (1999) Radioprotective 
effects of sodium tungstate on hematopoietic injury 
by exposure to 60Co gamma rays in Wistar rats. J. 
Radiat. Res. 40 (2): 101-113. 

36. Ramachandran, B., Ravi, K., Narayanan, V., 
Kandaswamy, M., and Subramanian, S. (2004) 
Protective effect of macrocyclic binuclear 
oxovanadium complex on oxidative stress in 
pancreas of streptozotocin induced diabetic rats. 
Chem. Boil. Interact.  149: 9-21. 

 
 
 
 
 

 
 
 

 [
 D

O
I:

 -
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

88
52

.2
00

8.
12

.3
.3

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j.p

as
te

ur
.a

c.
ir

 o
n 

20
26

-0
6-

14
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://dx.doi.org/-
https://dor.isc.ac/dor/20.1001.1.1028852.2008.12.3.3.0
http://ibj.pasteur.ac.ir/article-1-83-en.html
http://www.tcpdf.org

