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Insulin release by glucose anomers in a rat model 
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Summary. The effects of  the a and  fl anomers  of D-glucose 
on  insul in  release were s tudied in a rat model  of non- insul in-  
dependent  diabetes, which was induced  by streptozotocin in- 
ject ion at 2 days of  age. Glucose tolerance of  the streptozoto- 
cin-treated rats at 8-10 weeks of  age was mildly diabetic. 
Insul in  release from the isolated perfused pancreas of the 
diabetic rats in  response to 10 mmol/1  a-D-glucose was 

markedly impaired, while insulin response to 10 mmol/1 r- 
D-glucose in the diabetic pancreas was only slightly reduced 
as compared to that in the control pancreas. 
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The a anomer of D-glucose is known to be more po- 
tent than the fl anomer in stimulating insulin release 
from the pancreas of normal animals as well as hu- 
mans (for review see [1]). In non-obese, Type 2 (non- 
insulin-dependent) diabetic patients, glucose-induced 
insulin release is markedly reduced, even though the 
insulin response to nonglucose secretagogues is pre- 
served [2]. However, it has not been elucidated whether 
the pancreatic B cell in Type 2 diabetic patients dis- 
criminates the a and fl anomers of D-glucose. Rovira 
et al. [3] recently reported in an abstract form that no 
preferential insulin response to a-D-glucose was ob- 
served in some, but not all, Type 2 diabetic patients. 
The finding suggests that the ability of the pancreatic B 
cell to discriminate D-glucose anomers may be dimin- 
ished in certain forms of non-insulin-dependent diabe- 
tes. An experimental model of Type 2 diabetes has 
been developed in the rat, which is obtained by a neo- 
natal streptozotocin injection and is later on character- 
ised by low insulin response to glucose [4, 5]. We have 
studied the effect of the a and fl anomers of D-glucose 
on insulin release in this rat model using the isolated 
perfused pancreas. 

Materials and methods 

Male Sprague-Dawley rats were injected intraperitoneally at 2 days 
of age with 90 mg/kg streptozotocin (Sigma, St. Louis, Mo, USA) in 
0.1 tool/1 citrate buffer, pH 4.5, as described by Bonner-Weir et al. 
[4]. Control rats from the same litters received the equivalent volume 
of citrate buffer. Oral glucose tolerance tests (11.1 mmol glucose/kg 
body weight) were performed at 8-10 weeks of age after an over- 

night fast. Blood was sampled from the tail vein before, and 30, 60 
and 120 min after glucose administration with the use of a catheter. 
The perfusion experiments were carried out in the fed state within 
2 weeks after the glucose tolerance tests. The technique of perfusing 
the isolated pancreas with hexose anomers was as described previ- 
ously [6]. The basal perfusion medium consisted of 45 g/1 Destran T- 
70 (Pharmacia, Uppsala, Sweden) and 5 g/1 bovine serum albumin 
(fraction V; Armour, Kankakee, Ill, USA) in Krebs-Ringer bicarbon- 
ate buffer (pH 7.4) equilibrated with a mixture of 95% O2 and 5% 
CO2. The a or fl anomer of D-glucose (Sigma) was rapidly dissolved 
in ice-cold basal medium just before use in a concentration of 
10 mmol/1. The ice-cold perfusion solutions were warmed up to 
37 ~ immediately before reaching the pancreas in a heating coil im- 
mersed in a water bath. Flow rates were kept at approximately 
3.0 ml/min by a constant gas (02 :CO2, 95:5) pressure of about 
70 cm H20. The pancreas was preperfused with the basal medium 
containing 1.67 mmol/1 equilibrated D-glucose for 20 min, and then 
perfused with either the a or fl anomer of D-glucose for 20 rain. Of 
the 10 diabetic or 10 control rats used, 5 rats were tested with the a 
anomer and other 5 tested with the fl anomer. 

Blood glucose was determined by the o-toluidine-glacial acetic 
method [6]. Insulin in the perfusate was measured by solid phase ra- 
dioimmunoassay (Insulin Riabead; Dainabot, Tokyo, Japan) using 
rat insulin as the standard (Novo, Bagsvaerd, Denmark). 

Statistical analysis 

All results were expressed as mean+SEM and statistical analysis 
was performed using the unpaired, two-tailed Student's t-test. 

Results 

Figure1 shows the blood glucose curves during the 
oral glucose tolerance tests in the streptozotocin-treat- 
ed diabetic rats and age-matched control rats. Fasting 
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blood glucose levels were not significantly different be- 
tween the two groups of rats. After the glucose load, 
however, the blood glucose levels in the diabetic rats 
were significantly higher than those in the controls, 
and the mean maximal level reached approximately 
16.7 mmol/1. The body weight of  the diabetic rats at 
time of the perfusion experiment was not significantly 
different from that of the control rats (348.8 +9.8 vs 
358.5 ___ 10.2 g). 

The effects of the a and/3 anomers of  D-glucose on 
insulin release from the isolated perfused pancreas are 
shown in Figure 2. In the control rats (Fig.2a), the a 
anomer of D-glucose at a concentration of 10 mmol/1 
evoked significantly higher insulin release than the 
same concentration of  the/3 anomer. The dominant ef- 

fect of the a anomer was observed both in the first and 
second phases of insulin release. In contrast, insulin re- 
sponse to 10 mmol/1 a-D-glucose in the diabetic rats 
was not significantly different from the response to t-  
D-glucose of 10 mmol/l  (Fig. 2b). The amount of insu- 
lin release during the 20-rain perfusion with a-D-glu- 
cose in the diabetic rats was 30.6% of that in the 
control rats (120.7 + 11.0 vs 393.4 + 30.7 ng, p <  0.001), 
while that with t-D-glucose in the diabetic rats was 
79.0% of that in the controls (94.4+5.3 vs 119.5+ 
6.7 ng, p <  0.05). 

Discussion 
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Fig.l.  Oral glucose tolerance test in control (O---O) and diabetic 
rats (0-----0) treated with streptozotocin at 2 days of age.Tests were 
performed at 8-10 weeks of age following an overnight fast. Each 
point represents the mean of 10 animals with SEM Shown by the ver- 
tical line. Significant differences between control and diabetic rats in 
blood glucose levels were observed at 30, 60 and 120 min (p<0.001) 
after oral administration of glucose (11.1 mmol glucose/kg body 
weight) 

Weir and co-workers [4, 5] reported that rats injected 
with streptozotocin at 2 days of age developed non-in- 
sulin-dependent diabetes with normal body weight at 
about 6 weeks of age. Their studies on the perfused 
pancreas of such diabetic rats at between 6 and 
15 weeks showed that insulin release in response to 
glucose was markedly impaired, whereas insulin re- 
lease was well preserved in response to nonglucose 
secretagogues, such as arginine or isoproterenol. 

In the present experiment using the same animal 
model, the markedly impaired insulin response in the 
diabetic pancreas was observed when the pancreas was 
perfused with the cc anomer of D-glucose, while the in- 
sulin response to the fl anomer was only slightly re- 
duced in the diabetic pancreas as compared to that in 
the control pancreas. Thus, the impaired insulin re- 
sponse to glucose in this diabetic rat model is consid- 
ered to result mainly from lowered sensitivity of the 
pancreatic B cell to the a anomer of D-glucose. Insulin 
responses to tolbutamide in the diabetic and control 
pancreata did not significantly differ in our hands (da- 
ta notshown), though controversial findings have been 
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Fig.2a and b. Effects of  the a(O-- - -O)  
and fl (O---O) anomers of D-glucose on 
insulin release from the isolated perfused 
pancreas of control (a) and diabetic rats 
that received streptozotocin at 2 days of 
age (b). After 20-min preperfusion with the 
basel medium containing 1,67 mmol/1 
equilibrated D-glucose, a- or t-D-glucose 
at a concentration of 10 retool/1 was intro- 
duced for 20 rain. Values represent mean 
( + SEM) insulin levels (n = 5). Significant 
differences between insulin levels with a- 
and/~D-glucose were observed in control 
rats (a) at 3 rain and after 6 rain (p<0.01); 
at 2 and 5 min (p<0.05) 
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reported as to insulin release in response to the agent 
in this kind of diabetic model, probably related to the 
severity of the diabetes [5, 7]. 

These findings suggest that the pancreatic B-cell 
function which is impaired in the diabetic rat model is 
related to the mechanism by which the B cell discrimi- 
nates the a and fl anomers of D-glucose as a stimulator 
of insulin release; the mechanism is a matter of debate 
(for review see [8, 9]). Most of the reports suggest that 
discrimination occurs at glycolytic enzyme(s) with the 
specificity for the a anomer; namely at glucokinase, 
phosphoglucose isomerase and/or  phosphoglucomu- 
tase. A higher glycolytic flux of the c~ anomer is con- 
sidered to result in a higher amount of insulin release 
in response to the a than the fl anomer. However, Co- 
lella et al. [10] recently reported that glucose utilisation 
in the pancreatic islets isolated from the diabetic rat 
model was similar or higher than in comparable con- 
trol islets. Thus, they suggested that the glucose 
blindness of the diabetic islets might not be attribut- 
able to reduced glucose metabolism, but to an as yet 
undetermined defect(s) distal to glucose metabolism. 

Though the mechanism responsible for lowering 
the sensitivity of the pancreatic B cell to the a anomer 
of D-glucose in this diabetic rat model remains un- 
known, the present finding may provide some insight 
into the pathophysiology of the pancreatic B cell in 
certain forms of non-insulin-dependent diabetes. 
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