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Effect of vanadate administration on blood glucose :and insulin levels as 
well as on the exocrine pancreatic function in streptozotocin-diabetic rats 

M. Bendayan and D. Gingras 

Department of Anatomy, Faculty of Medicine, Universite de Montreal, Montreal, Quebec, Canada 

Summary. In the present study, streptozotocin-induced 
diabetic rats with their corresponding controls, were treated 
orally with sodium metavanadate. A gradual increase of the 
vanadate concentration up to 0.8 mg/ml in the drinking water, 
lowered the blood glucose levels of the diabetic animals to 
normal values without changing the insulin levels. On the 
other hand, vanadate did not affect the blood glucose levels of 
the non-diabetic animals; it did however induce lower levels 
of circulating insulin in these animals. The lowering of the gly- 
caemic values of the diabetic animals was closely related to 
the consumption of vanadate. When the treatment was 
ceased, the blood glucose levels rose rapidly. The diabetic ani- 
mals responded to the vanadate treatment with two sensiti- 
vities; while the large majority of the diabetic animals dis- 
played stable normoglycaemic values, others had fluctuating 
values. Amylase content in the exocrine pancreas of these two 
subgroups of animals was studied separately and compared to 

that from the non-treated control and diabetic animals. The 
presence of amylase in the pancreatic acinar cells was assessed 
by the protein A-gold immunocytochemical approach and 
biochemical determinations. Amylase was found to be very 
low in the non-treated diabetic animals. Lowering of the 
blood glucose levels induced by the vanadate treatment re- 
stored the amylase to levels similar to those of the controls. 
However, vanadate-treated diabetic animals with fluctuating 
levels of blood glucose, demonstrated only a partial recovery 
of amylase. Thus, vanadate treatment was found to have a 
normalizing effect on blood glucose levels in diabetic animals 
as well as restoring amylase content in the pancreas of diabetic 
animals. This appeared to be closely related to the glycaemic 
values of the diabetic animals. 

Key words: Diabetes mellitus, vanadate, pancreas, amylase, 
streptozotocin. 

Recent studies have demonstrated that oral administra- 
tion of sodium vanadate to diabetic rats normalizes 
their blood glucose levels [1-3]. This appears to be due 
to the insulin-mimetic effect vanadate exerts on various 
target tissues, via a post-receptor mechanism. Many 
studies are currently being performed in order to eluci- 
date the mechanism by which vanadate is involved in 
the cellular regulation of glucose metabolism, stimula- 
tion of glucose uptake, oxidation and glucose incorpo- 
ration into lipids in adipocytes [5-7] and the increase in 
hepatic glycogenesis [1, 8]. Vanadate has also been 
shown to stimulate DNA synthesis [9] and to prevent 
the decline in cardiac performance due to diabetes [2]. 
Furthermore, a recent study on the action of vanadate 
indicates an insulinotropic effect also [10]. This study 
was, however, performed in vitro using isolated pan- 
cratic islets. 

Endocrine and exocrine pancreatic tissues are close- 
ly interrelated both structurally and functionally, in nor- 
mal as well as in pathological conditions [11-15]. Pre- 
vious studies have established that the pancreatic 
exocrine function and secretion of amylase in particu- 

lar, are drastically altered in diabetes [14-17]. Indeed, 
streptozotocin-diabetic [14-17], as well as spontaneous 
diabetic [18], rats show a major decrease in amylase se- 
cretion. Along with this decrease, we have found that 
secretion of chymotrypsinogen and lipase are enhanced 
[15, 19]. These changes in exocrine function of the pan- 
creas which occur in diabetic conditions are totally re- 
stored by daily administration of insulin [15, 17, 19]. 
However, it is difficult from these studies to discrimi- 
nate between the direct action which insulin and/or  
glucose levels may 1have on acinar cells. 

In the present study, we have evaluated the effect of 
vanadate on blood glucose and insulin levels in control 
and diabetic animals. In addition, the secretion of amy- 
lase by pancreatic acinar cells was investigated after the 
normalization of blood glucose levels of streptozotocin- 
diabetic animals by the oral administration of sodium 
vanadate. The results obtained tend to demonstrate that 
vanadate lowers blood glucose levels without raising 
those of circulating insulin, and that amylase content in 
pancreatic acinar cells is closely related to the blood 
glucose level. 
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ig. 2. Effect of the replacement of the vanadate (Na VO3) treatment 
y tap water (H20) on blood glucose level of vanadate-treated strep- 
~zotocin-diabetic ( , �9  and vanadate-treated control (�9 animals. 
lean values + SEM 

4aterials and methods 

'hronic hyperglycaemia was induced in 100 g Sprague Dawley male 
tts by streptozotocin administration (75 mg/kg body weight in 
3 retool/1 sodium citrate buffer pH 4.5). Control animals received 
le sodium citrate alone. The animals were kept in individual cages 
nd had free access to food and water. The streptozotocin-diabetic 
aimals demonstrated strong glucosuria (reagent strips, N-Multistix, 
~iles, Ames Division, Ontario, Canada), 24 to 48 h after the strepto- 
)tocin administration. They also exhibited strong ketonuria and pro- 
,inuria with the urine pH = 5. Blood samples, obtained daily from the 
dl vein, were analysed' for glucose levels using Dextrostix reagent 
:tips with a Glucometer (Miles). Blood glucose levels averaged 

Fig. 1. Effect of oral administra- 
tion of vanadate (Na VO3) on 
blood glucose levels of various 
groups of animals. (Q) Group II 
control animals receiving the vana- 
date solution; ( � 9  IV strep- 
tozotocin-diabetic animals receiv- 
ing the vanadate solution and 
maintaining a stable normogly- 
caemic state by the third and 
fourth week of treatment; 
(13) Group IV streptozotocin- 
diabetic animals receiving the van- 
adate solution but demonstrating 
fluctuating glycaemic values; 
( t )  Group III streptozotocin- 
diabetic animals maintained on 
water. Mean values___ SEM 

30.6 ___ 2.7 mmol/1 for the non-fasted streptozotocin-diabetic animals, 
vs 4.8 + 0.4 for the controls (p <0.0001). Insulin levels were deter- 
mined by radioimmunoassay using a goat anti-guinea pig insulin anti- 
body and porcine insulin as a standard (insul[in RIA Kit, Chromacod, 
BIOMEGA, Montreal, Canada). They averaged 26.50 + 1.2 mU/1 for 
the streptozotocin-diabetic animals vs 45.00_+ 3.00 mU/1 for the con- 
trois. Levels of insulin were thus significantly low when compared to 
controls (p < 0.001). Because of the remaining circulating insulin, the 
animals survived easily without treatment with exogenous insulin. 

One week after the onset of the hyperglycaemic state, the animals 
were divided into four different groups according to the drinking sol- 
ution they were given. 

Group I, consisted of normoglycaemic control animals (n=5) 
kept on tap water. 

Group II, consisted of norrnoglycaemic control animals (n= 10) 
given a solution of sodium chloride and sodium metavanadate. 

Group Ill,  consisted of hyperglycaemic streptozotocin-diabetic 
animals (n = 5) kept on tap water. 

Group IV, consisted of hyperglycaemic streptozotocin-diabetic 
animals (n=35) given a solution of sodium chloride and sodium 
metavanadate. 

The sodium chloride was given at a constant concentration of 
80 mmol/1, while the sodium metavanadate was given at increasing 
concentrations. During the first week of the experiment, the animals 
drank a solution of 0.2 mg/ml of sodium metavanadate; this was fol- 
lowed by 0.5 mg/ml during the second week and 0.8 mg/ml during 
the third and fourth week (Fig. 1). The vanadate solutions were pre- 
pared freshly every two days. All animals had free access to food 
(Purina Chow, Country Foods, Syracuse, NY, USA). 

In a pilot experiment performed at the beginning of the study, four 
diabetic and four control animals were given directly a vanadate solu- 
tion of 0.8 mg/ml. The animals rapidly showed signs of suffering and 
two of them died. Thus, we opted for a protocol in which the concen- 
tration of vanadate was increased gradually. 

Blood glucose levels were analysed daily on samples obtained 
from the tail vein. Periodically, we also tested blood glucose and in- 
sulin levels after 12 h of fasting. On one occasion, four animals from 
Group IV having reached low glucose levels, and four animals from 
Group II were selected and the vanadate solution was replaced by tap 
water for a period of two days. The animals were returned to the vana- 
date solution (0.8 mg/ml) after these two days. 

At the end of the experiments, the animals were killed by decapi- 
tation and blood samples were collected for determination of various 
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parameters, in particular blood glucose and insulin levels were deter- 
mined using the glucose oxidase method (ERA-2001, Beckman In- 
struments, Palo Alto, Calif, USA) and radioimmunoassay respec- 
tively. 

In order to avoid variations due to feeding and circadian influen- 
ces, daily blood sampling was always performed at the same time 
(10.00 hours). The animals were also killed at this time of the day, 
schedules were planned to take these factors into consideration. Food 
consumption did not seem to differ among the animals. Fluid intake 
however, did vary among the groups. Indeed, the non-treated hyper- 
glycaemic animals drank an average of 150 + 30 ml. 100 g-1 .  day-1 
vs 50_+ 8 ml. 100 g -  1. d a y -  1 for the non-treated normoglycaemic ani- 
mals (p <0.001). However, the vanadate-treated diabetic animals 
drank 20_+ 5 ml. 100-  ~. d a y -  1 and the vanadate-treated control ani- 
mals 15-+ 5 ml. 100 -1 - d a y - k  

Immunocy tochemis t ry  

For light microscopy immunocytochemistry, a fragment of the splenic 
part of the pancreas was fixed by immersion in Bouin's fixative and 
embedded in paraffin according to standard techniques. 5 ~tm thick 
sections were mounted on glass slides and rehydrated through de- 
creasing concentrations of ethanol. After washing in phosphate buf- 
fered saline (PBS) 0.01 mol/1, the sections were incubated with the 
specific antibody, either an anti-insulin or an anti-glucagon (Miles La- 
boratory, Elkhart, Ind, USA) at 1/200 and 1/50 dilution in PBS re- 
spectively, for 2 h at room temperature followed by an incubation 
with fluorescein-labelled anti-rabbit or anti-guinea-pig immunoglo- 
bulin antibodies (Miles Laboratory) for 60 rain at room temperature 
[14]. The sections were counterstained with Evan's blue prior to exam- 

Fig.3. Immunofluorescence dem- 
onstrating insulin (a) and glucagon 
(b) containing cells in pancreatic 
tissue of a vanadate-treated control 
animal. The insulin containing cells 
are numerous and formed the core 
of the islet of Langerhans (I), while 
the glucagon containing cells con- 
stitute a shell at the periphery of the 
islet, x 228 

Fig.4. Immunofluorescence dem- 
onstrating insulin (a) and glucagon 
(b) containing cells in pancreatic 
tissue of a vanadate-treated diabetic 
animal. The insulin containing cells 
are few in number while the gluca- 
gon containing cells are more 
numerous and occupy the major 
part of the islet of Langerhans (I). 
•  

ination with a Leitz orthoplan microscope using a Ploemopak illumi- 
nator (Wild Leitz, Mont~real, Canada) with the appropriate filter for 
fluorescein. Serial sections were systematically used. 

For the electron microscopy immunocytochemical study, small 
fragments of the splenic part of the pancreas were fixed by immersion 
with 0.1 tool/1 phosphate buffered 1% glutaraldehyde for 2 h at room 
temperature and then washed in the same buffer. The tissues were 
postfixed with phosphate buffered 1% osmium tetroxide for 60 min at 
4~ Embedding was performed in Epon according to standard pro- 
cedures. Thin sections were cut, mounted on nickel grids and pro- 
cessed for immunocytochemistry. Amylase antigenic sites were re- 
vealed at the electron microscope level by applying a specific 

Table 1. Blood glucose and insulin levels in the different groups of 
animals 

Groups Glucose Insulin 
mmol/1 mU/1 

I Control (H20) 3.6 + 0.1 44.78 _+ 2.89 
II Control+vanadate  3.5 + 0.3 28.10 + 1.88 
III Streptozotocin (I-I20) 33.8 +2.2 21.54 +0.86 
IV a Streptozotocin + vanadate 4.4+0.2 16.82+1.20 
IV b Streptozotocin + vanadate 18.3_+1.1 14.98_+1.55 

a subgroup with a stable response to vanadate; b subgroup with an un- 
stable response to vanadate; Mean values + SEM. 
Student's t test, paired experiments performed between values in each 
column: (glucose column: I vs II NS; I vs III p<O.O001; I vs IV b 
p <0.001 ; I vs IVa, p <0.01) 
(insulin column: I vs II p<O.O01; I vs III p<O.O01; I vs IV a 
p < 0.0001 ; IV a vs IV b NS; II l  vs IV a p < 0.001) 
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Fig.5. Electron micrograph of an 
acinar cell of a non-treated control 
animal (Group I). Protein A-gold 
immunocytochemistry for amylase 
demonstrating intense labelling. 
The gold particles revealing amy- 
lase antigenic sites are present over 
the Golgi apparatus (G), the con- 
densing vacuoles (v) and the se- 
cretory zymogen granules (g). 
x 15000 

Fig. 6. Electron micrograph of an 
acinar cell from a non-treated 
diabetic animal (Group II). Immu- 
nocytochemistry for amylase dem- 
onstrating low labelling. Few gold 
particles are present over the se- 
cretory zymogen granules (g). The 
other cellular compartments are al- 
most devoid of labelling. G, Golgi 
apparatus; v, condensing vacuole; 
17, nucleus, x 19000 

anti-amylase antibody [20] and the protein A-gold immunocytochemi- 
cal technique as described in detail previously [21]. The specificity of 
the labelling obtained was assessed through various control experi- 
ments as reported previously [21]. The results obtained were evaluated 
through quantitative determinations of labelling intensity, according 
to methods described previously [15, 21]. Twenty-four micrographs of 
different acinar cells, located in the tele-insular region of the pancreas, 
were recorded for each animal at an original magnification of x 7000. 
The density of labelling was evaluated at a final magnification of 
x 42 000 using a MOP-3 Carl Zeiss image analysis system. 

Biochemistry 
For the biochemical determination of amylase, the tissue fragments 
were immersed in the appropriate Triton buffer [22] and homo- 
genized. Amylase was analysed according to the procedures de- 
scribed by Ceska [23] using the Phadebas reagents (Pharmacia, Mon- 
treal, Canada), while total protein content was determined by the 
Lowry method [24]. 

Statistical analysis 
Statistical evaluations of the morphometrical and biochemical results 
were performed by paired experiments using the Student's t-test 

Table 2. lmmunocytochemical and biochemical determinations of 
amylase in pancreatic tissue of the different groups of animals 

Groups Immunocyto- Biochemistry 
chemistry U/mg  
particles/~tm 2 proteins 

I Control (I-I20) 102.5 + 1.2 756_+ 78 
II Control + vanadate 106.7 _+ 13.1 706 _+ 127 
III Streptozotocin (H20) 13.4_+ 4.1 4 + 2 
IV a Streptozotocin+ vanadate 103.2 + 11.5 796 + 300 
IV b Streptozotocin+vanadate 62.8 + 8.2 325 _+ 96 

a subgroup with a stable response to vanadate; b subgroup with an un- 
stable response to vanadate; Mean values + SEM 
Student's t test, paired experiments performed between values in each 
column: (immunocytochemistry: I vs l I  NS; I vs IV a NS; I vs II1 
p < 0.0001 ; I vs IV b p < 0.001) 
(biochemistry: I vs II NS; I vs IW NS; I vs III p <0.0001; I vs IV b 
p < 0.001) 

Results 

Vanadate treatment reduced the level of hypergly- 
caemia in streptozotocin-diabetic rats, while having 
little effect on non-diabetic control animals. Indeed, 
daily analysis of the blood glucose revealed that the va- 
nadate-treated diabetic rats (Group IV) responded to 
the treatment by lowering their blood glucose levels 
(Fig.l, Table 1). The animals responded to the treat- 
ment by maintaining low glucose levels for several 
days, only when the concentration of the vanadate 
reached 0.8 mg/ml. The pilot experiment performed at 
the beginning of the study, showed that immediate ex- 
posure to high concentrations of vanadate was not ap- 
propriate. It was only through a progressive increase in 
the amounts of vanadate, that the animals were able to 
sustain the treatment. The animals responded to the 
treatment with two different sensitivities. While the 
majority of the animals (n=26) became normogly- 
caemic and maintained a stable level of glycaemia 
(<  5.5 mmol/l) by the third week as soon as the levels 
of vanadate in their drinking water reached 0.8 mg/ml, 
other animals (n= 6) showed variable levels of gly- 
caemia which fluctuated between 10 and 16 mmol/1, 
even when the vanadate concentration was at 
0.8 mg/ml (Fig.l). These animals were studied separ- 
ately forming two subgroups of Group IV. When levels 
of vanadate were lower, at 0.2 mg/ml or 0.5 mg/ml, 
blood glucose levels of the vanadate-treated diabetic 
animals initially decreased but returned rapidly to high 
levels (Fig.l). On the other hand, non-treated strepto- 
zotocin-diabetic animals (Group III) remained hyper- 
glycaemic throughout the experiment (Fig. 1). Normo- 
glycaemic control animals (Group II) drinking the 
vanadate solution at the same concentrations and for 
the same time periods as the diabetic ones, had glucose 
levels not significantly different from those of the con- 
trol animals drinking tap water (Fig.l, Table 1). The 
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lowering of the blood glucose levels was closely related 
to the consumption of the vanadate and was rapidly re- 
versible when the vanadate solution was replaced by 
tap water (Fig. 2). Indeed, when the vanadate treatment 
was replaced by water for a period of two days, the 
blood glucose levels of vanadate-treated diabetic ani- 
mals (Group IV), rose drastically in less than 24h 
(Fig.2). They fell again to low values as soon as the 
vanadate treatment was resumed (Fig. 2). 

Insulin levels low in non-treated diabetic animals 
(Group III, 21.5_+ 0.86 mU/1) was even reduced with 
the vanadate treatment (Group IV, 16.8+1.2mU/1) 
(Table 1) (p<0.001). On the other hand, vanadate- 
treated control animals (Group II) displayed insulin le- 
vels significantly lower (28.1 + 1.8 mU/1) than those of 
non-treated control animals (Group I, 44.78_+2.9 
mU/1) (Table 1) (p < 0.001). 

Fig. 7. Electron micrograph of an 
acinar cell from a vanadate-treated 
control animal (Group III). Immu- 
nocytochemistry for amylase dem- 
onstrating intense labelling. The 
gold particles are present over the 
rough endoplasmic reticulum, the 
Golgi apparatus (G), the conden- 
sing vacuoles (v) and the secretory 
zymogen granules (g). Labelling is 
also present over the content of the 
acinar lumen (L). Mitochondria (m) 
are devoid of labelling, x 19000 

Fig.8. Electron micrograph of an 
acinar cell from a vanadate-treated 
diabetic animal with stable normo- 
glycaemia (Group IV, first sub- 
group). Immunocytochemistry for 
amylase demonstrating intense la- 
belling. The gold particles are pres- 
ent over the rough endoplasmic re- 
ticulum, the Golgi apparatus (G), 
the condensing vacuoles (v) and the 
secretory zymogen granules (g). 
x 19000 

Figs. 9 and lt0. Electron micro- 
graphs of acinar cells from vana- 
date-treated diabetic animals with 
unstable glycaemia (Group IV, sec- 
ond subgroup). Immunocytochem- 
istry for amylase demonstrating 
moderate and variable labellings. 
Many cells show a labelling by 
gold particles over the Golgi ap- 
paratus (G), condensing vacuoles 
(v) and secretory granules (g). How- 
ever, some cells (cell I in Fig. 10) 
display a relative intense labelling, 
while others (Fig. 9) have intermedi- 
ate intensities and others (cells II 
and III in Fig.10) very low label- 
ling. L, acinar lumen. Fig. 9: 24300 
Fig. 10: x 10000 

Among the other blood factors analysed, the non-es- 
terified fatty acid (NEFA) values while high in hyper- 
glycaemic animals (18.7+0.2mmol for Group III, vs 
2.8 _ 0.4 mmol for the controls Group I, p < 0.001), de- 
creased with the vanadate treatment and the normaliza- 
tion of the blood glucose levels (3.4 __ 0.5 mmol for the 
vanadate-treated diabetic animals, Group IV, vs 
2.9+0.4 mmol for the vanadate-treated control ani- 
mals, Group I). 

The immunofluorescence technique revealed insulin 
and glucagon cells in the islets of Langherans. In the 
control (Group I) as well as in the vanadate-treated 
control animals (Group II), the islets showed the classic 
architecture with a central large core formed by insulin 
secreting cells surrounded by a shell of glucagon secret- 
ing cells (Fig.3). In diabetic (Group III) as well as in 
vanadate-treated diabetic animals (Group IV), the num- 
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ber of insulin secreting cells was fewer and the glucagon 
secreting cells appeared more numerous (Fig.4). No 
difference was detected between the vanadate-treated 
and the non-treated diabetic animals. 

By electron microscopy, the insulin- and glucagon- 
secreting cells of the islets of Langerhans in vanadate- 
treated animals (diabetic and control) appear similar, 
with a large number of  secretory granules. Similarly, the 
acinar parenchyma showed a normal morphology with 
the exception of the non-treated diabetic animals 
(Group II), in which the acinar cells displayed large ac- 
cumulations of lipid droplets. This confirms observa- 
tions reported previously [26]. These accumulations of 
lipids were significantly reduced in vanadate-treated 
diabetic animals (Group IV) with the normalization of 
the blood glucose levels. 

Amylase content by the acinar cells as assessed by 
immunocytochemical and biochemical approaches was 
drastically decreased in non-treated diabetic animals 
(Group III) when compared to the controls (Group I) 
(Table 2). Indeed, application of the protein A-gold im- 
munocytochemical technique on pancreatic tissue of 
non-treated control animals (Group I), yielded a label- 
ling by gold particles over the acinar cells which was 
particularly intense over the cellular compartments in- 
volved in secretion (Fig. 5). The gold particles, revealing 
amylase antigenic sites, were present over the rough en- 
doplasmic reticulum, the cisternae of the Golgi appara- 
tus, the condensing vacuoles and the secretory zymogen 
granules (Fig. 5). The later being the most intensely la- 
belled. Very few gold particles were present over mito- 
chondria and nuclei (Fig. 5). However, in non-treated 
diabetic animals (Group III), the labelling of amylase in 
the acinar cells was very sparse (Fig. 6). Few gold par- 
ticles were present over the rough endoplasmic reticu- 
lum, Golgi apparatus and zymogen granules. These re- 
sults, reflecting an inhibition in amylase secretion, were 
confirmed by the quantitative evaluation of the inten- 
sities of labelling and were found to be in agreement 
with the biochemical determination of amylase content 
in the pancreatic tissues (Table 2). 

In vanadate-treated control animals (Group II), im- 
munolabelling for amylase was present in all the cellular 
compartments involved in secretion; particularly the zy- 
mogen granules (Fig. 7). The quantitative results demon- 
strated that there was no difference in intensities of label- 
ling between treated (Group II) and non-treated control 
animals (Group I) (Table 2). This was also confirmed 
by the biochemical determinations (Table 2). As stated 
previously, the vanadate-treated diabetic animals 
(Group IV) were divided into two subgroups depending 
on their response to the treatment. In the larger subgroup 
which demonstrated a stable normoglycaemic state, the 
labelling for amylase in acinar cells was present in signif- 
icant amounts in all the cellular compartments involved 
in secretion; particularly in the zymogen granules (Fig. 8). 
The quantitative evaluation confirmed this fact and fur- 
ther demonstrated that the labelling in the zymogen gran- 

ules, was similar to that found in the non-treated control 
animals (Table 2). This was also supported by the bio- 
chemical analysis (Table 2). The second subgroup of 
vanadate-treated diabetic animals which demonstrated 
unstable values of blood glucose levels, displayed an 
intermediate situation concerning the labelling of amy- 
lase. Indeed, in most acinar cells the zymogen granules 
were labelled but to a lesser extent than in control animals 
(Figs. 9 and 10). In other cells, the granules were almost 
devoid of labelling, demonstrating a lack of amylase 
(Fig. 10). The fact that the amounts of amylase in the pan- 
creas of these animals was intermediate between those 
from the normal and the diabetic animals was confirmed 
by the biochemical determinations (Table 2). 

The experiments performed in order to assess the 
validity of the immunolabelling confirmed its speci- 
ficity. Indeed, addition of the antigen to the antibody or 
omission of the antibody, resulted in an absence of la- 
belling, as also reported previously [15, 20, 211 (results 
not shown). 

Discussion 

In the present study we have demonstrated that oral ad- 
ministration of sodium metavanadate to streptozotocin- 
induced diabetic rats leads to normalization of their 
blood glucose levels. We have found that the decrease 
in glucose level occurs only when the concentration of 
vanadate reaches 0.8 mg/ml. With lower concentra- 
tions, the response was not stable and blood glucose le- 
vels remained high. Furthermore, it was also found that 
by gradually increasing the concentration, the animals 
were more receptive to the vanadate treatment. The ani- 
mals responded however, with differing sensitivities. 
The group of streptozotocin-diabetic vanadate-treated 
rats (Group IV) was separated into two subgroups ac- 
cording to their response. The first which comprised the 
majority of the animals, maintained a stable normogly- 
caemic state while in the second subgroup the animals 
displayed inconsistent glycaemic values which varied 
from one day to another. On the other hand, the lower- 
ing of the blood glucose level was closely related to the 
vanadate consumption. Indeed, the effect was revers- 
ible and the hyperglycaemic state recurred as soon as 
the treatment was ceased. The lowering of the blood 
glucose levels may be due to stimulation of glucose up- 
take, glucose oxidation and glycogen synthesis elicited 
by the presence of high levels of circulating vanadium 
[3]. The levels of circulating insulin remained low in the 
vanadate-treated diabetic animals which indicates that 
the lowering of glycaemic values was probably due to 
the insulin mimetic effect of vanadate inducing changes 
in glucose metabolism [1-8]. Vanadate-treated control 
animals displayed low levels of insulin. These results 
seem to indicate that vanadate treatment, by stimulating 
glucose uptake and metabolism, mimic the action of in- 
sulin and consequently may reduce its secretion. 
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No major modifications due to vanadate treatment, 
were detected by a morphological approach in the en- 
docrine cells of the islets of Langerhans. However, the 
accumulation of lipid droplets found in the acinar cells 
of non-treated diabetic animals, previously reported as 
being of cholesterol nature [25], were reduced after 
vanadate treatment. This may be due to the lowering of 
blood glucose levels and stimulation of glucose utiliza- 
tion. Further, the levels of circulating NEFA were also 
restored with the lowering of the glucose levels by vana- 
date. These may be related to the reported action of va- 
nadate in stimulating glucose incorporation into lipids 
in adipocytes and increase in hepatic glycogenesis [1, 8]. 
The resuks obtained for amylase in the pancreas appear 
also to parallel the glycaemic response to the vanadate 
treatment. Indeed those animals which became nor- 
moglycaemic had their levels of pancreatic amylase 
normalized to values equivalent to those of the control 
animals. On the other hand, the vanadate treated ani- 
mals with inconsistent glycaemia showed intermediate 
amylase values. It has been previously demonstrated 
that amylase secretion by acinar cells in hyperglycaemic 
conditions is restored by insulin treatment [15, 17]. 
However, it is difficult from these experiments, to dis- 
criminate between the roles played by glucose from 
those of insulin. From the results obtained in the pres- 
ent study we can better discriminate between the two 
factors since restoration of amylase secretion does 
occur in conditions of low glucose and low insulin le- 
vels. Furthermore, fluctuations of glucose levels with 
low insulin, resulted in an intermediate response from 
the acinar cells. These results thus tend to support the 
hypothesis that amylase secretion by acinar cells is re- 
lated to glucose metabolism rather than to the direct ac- 
tion of circulating insulin. 
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