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Abstract. The major aim of the present study was to search for 
changes of D-glucose metabolism in isolated pancreatic islets 
possibly involved in the alteration of their secretory response 
to the hexose, as observed when comparing rats exposed for 
8 weeks to diets containing either starch and sunflower oil 
or fructose and sunflower oil, as well as rats exposed to diets 
containing fructose, sunflower oil and either salmon oil or 
safflower oil. The substitution of starch by fructose in the 
diet affected unfavourably D-glucose phosphorylation by the 
isolated islets. In the fructose-fed rats, there was a close paral-
lelism between D-[5-3H]glucose utilization and the dietary 
ω3/ω6 fatty acid ratio. There was little to distinguish, however, 
between the four groups of rats in terms of D-[U-14C]glucose 
oxidation. The paired ratio between D-[U-14C]glucose oxida-
tion and D-[5-3H]glucose utilization, which always increased 
as the concentration of the hexose was raised from 2.8 to 8.3 
and 16.7 mM, was tightly related, in the fructose-fed rats, to 
the HOMA index for insulin resistance.

Introduction

In the present series of reports dealing with the metabolic and 
hormonal effects of dietary long-chain polyunsaturated ω3 and 
ω6 fatty acids in rats exposed to a fructose-rich diet, emphasis 
was so far placed on i) the changes in glucose tolerance, 
insulinogenic index and insulin resistance, as assessed during 
an intraperitoneal glucose tolerance test, ii) the time course of 
changes in such variables as body weight, food intake, plasma 

D-glucose and insulin concentrations over 8 weeks exposure 
to the four diets considered in this study, and iii) the insulin 
secretory behaviour and insulin content of pancreatic islets 
isolated from the rats at sacrifice (1-3). The present report 
concerns the metabolic fate of D-glucose in isolated pancre-
atic islets incubated in vitro at increasing concentrations of 
D-glucose. The major aim of such a study was to search for 
changes in D-glucose catabolism possibly involved in the 
alteration of the secretory response of the islets to this hexose.

Materials and methods

Pancreatic islets were collected after overnight starvation by 
the collagenase method, as described in the preceding article 
in this series. Groups of 20 islets were incubated for 90 min 
at 36˚C in 50 µl of a salt-balanced medium (4) containing 
1.0 mg/ml bovine serum albumin and equilibrated against 
a mixture of O2/CO2 (95/5, v/v). The generation of tritiated 
H2O from D-[5-3H]glucose (glucose utilization) and 14CO2 
from D-[U-14C]glucose (glucose oxidation) were measured by 
methods described elsewhere (5).

All results are presented as mean values (± SEM) together 
with the number of individual observations (n). The statistical 
significance of differences between mean values was assessed 
by use of Student's t-test.

Results

D-[-U-14C]glucose oxidation. As indicated in Table I, when 
expressed as D-glucose equivalent per islet over 90  min 
incubation, the oxidation of D-[-U-14C]glucose progressively 
increased from 2.7±0.3 (n=49) at 2.8 mM D-glucose to 8.5±0.8 
(n=49) and 15.7±2.1 (n=47) at 8.3 and 16.7 mM D-glucose, 
respectively. As a rule the mean values recorded at each 
concentration of the hexose failed to differ significantly in the 
four different groups of rats. A trend towards a lower oxidative 
rate was observed in the (Fsal) rats. Yet, when all results were 
expressed relative to the mean corresponding values found 
at the same concentration of D-glucose in the (Ssun) rats, a 
significant difference (p<0.05) between the values recorded 
in the (Fsal) rats (67.6±6.4%; n=35) and those recorded in the 
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other 3 groups of rats was only reached by comparison with 
the overall mean value (96.9±8.2%; n=110) found in the (Ssun) 
rats (100.0±16.7%; n=33), the (Fsun) rats (99.0±8.4%; n=27) 
and the (Fsaf) rats (93.8±13.8%; n=50).

D-[5-3H]glucose utilization. Relative to the average of the mean 
values recorded at each concentration of D-glucose (2.8, 8.3 
and 16.7 mM) within each experiment in islets from the same 
group of rats, no significant difference was observed between 
the measurements of D-[5-3H]glucose utilization made in each 
type of rats (Ssun, Fsun, Fsal, Fsaf). At 2.8, 8.3 and 16.7 mM 
D-glucose, respectively, the overall mean values amounted to 
54.7±3.1% (n=46), 96.0±4.0% (n=48) and 148.1±6.5% (n=49).

The absolute values for D-[5-3H]glucose utilization differed 
significantly, however, from one another in selected instances. 
First, the values recorded in the (Fsun) rats averaged no more 
than 66.1±3.3% (n=27; p<0.04) of the mean corresponding 
values found at the same D-glucose concentration in islets 
from (Ssun) rats (100.0±13.9%; n=34). Second, expressed in 
the same manner, the mean values recorded in the (Fsal) rats 
(97.8±6.0%; n=35) were higher (p<0.001) and those recorded 
in the (Fsaf) rats (50.4±3.5%; n=47) lower (p<0.005) than 
those found in the (Fsun) rats (Table II).

14CO2/3HOH ratio. In all four groups of rats, the paired ratio 
between D-[-U-14C]glucose oxidation and D-[5-3H]glucose 
utilization increased as a function of the concentration of the 
hexose. Relative to the averaged derived from the man values 

Table I. D-[-U-14C]glucose oxidation (pmol/islet per 90 min).

Rats	 2.8 mM D-glucose	 8.3 mM D-glucose	 16.7 mM D-glucose

Ssun	 3.11±1.20 (12)	 11.09±2.40 (11)	 14.82±3.29 (10)
Fsun	 3.64±0.47 (9)	 9.02±1.60 (9)	 14.63±1.97 (9)
Fsal	 2.37±0.31 (11)	 5.02±0.65 (12)	 12.18±2.01 (12)
Fsaf	 2.19±0.39 (17)	 9.07±1.41 (17)	 19.41±5.64 (16)

Table II. D-[5-3H]glucose utilization (pmol/islet per 90 min).

Rats	 2.8 mM D-glucose	 8.3 mM D-glucose	 16.7 mM D-glucose

Ssun	 110.5±32.4 (11)	 185.0±43.4 (11)	 225.4±48.8 (12)
Fsun	 64.0±7.4 (9)	 118.8±8.0 (9)	 172.7±15.1 (9)
Fsal	 98.8±10.7 (12)	 155.6±14.7 (11)	 267.6±23.9 (12
Fsaf	 46.9±5.5 (14)	 88.3±7.5 (17)	 141.0±16.9 (16)

Table III. 14CO2/3HOH ratio (%).

Rats	 2.8 mM D-glucose	 8.3 mM D-glucose	 16.7 mM D-glucose

Ssun	 1.82±0.79 (11)	 7.82±1.06 (11)	 9.14±1.86 (10)
Fsun	 6.58±1.28 (9)	 7.98±1.49 (9)	 8.73±0.97 (9)
Fsal	 2.69±0.43 (11)	 3.36±0.46 (11)	 4.95±0.93 (12)
Fsaf	 4.87±0.85 (13)	 9.86±0.94 (17)	 12.41±2.86 (15)

Figure 1. Comparison between the mean values (± SEM) for the 14CO2/3HOH 
ratio (n=9-15) in islets exposed to 2.8 mM D-glucose (closed circles), 8.3 mM 
D-glucose (open circles) or 16.7 mM D-glucose (crosses) and isolated (from 
left to right) from (Fsal) rats, (Fsun) rats and (Fsaf) rats, on one hand, and the 
mean values (± SEM) for the HOMA index found in the same three groups 
of rats at time zero of an intraperitoneal glucose tolerance test. The oblique 
solid and dashed lines correspond to the regression lines derived from 
the mean data recorded at 16.7 mM and 8.3 mM D-glucose, respectively. 
Likewise, the oblique dotted line corresponds to the regression lines based 
on the mean data recorded at 2.8 mM D-glucose in either (Fsal) rats or (Fsun) 
and (Fsaf) rats.
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recorded at each concentration of D-glucose in each experiment 
and in each group of rats, such a ratio indeed increased (p<0.001) 
from 58.8±6.0% (n=44) at 2.8 mM D-glucose to 109.6±5.8% 
(n=48) at 8.3 mM D-glucose and further increased (p<0.07) to 
132.2±10.4% (n=46) at 16.7 mM D-glucose. In this respect, no 
significant difference (p>0.14 or more) was observed between 
the different groups of rats when expressing the values reached 
at each concentration of the hexose relative to those recorded in 
the (Ssun) rats and comparing the overall mean values derived 
from such comparisons in each of the four groups of rats.

The absolute values for the 14CO2/3HOH ratio averaged at 
2.8, 8.3 and 16.7 mM D-glucose, respectively 3.0±0.5% (n=44), 
7.6±0.6% (n=48) and 9.0±1.1% (n=46). When expressed relative 
to those recorded at the same concentration of D-glucose in the 
(Ssun) rats (100.0±16.4%; n=32), such absolute values failed 
to differ significantly (p>0.33) in these (Ssun) rats and in the 
(Fsal) rats (80.7±11.7%; n=34). Likewise, at 8.3 and 16.7 mM 
D-glucose, the values recorded in the (Fsun) rats (98.8±10.6%; 
n=18; p>0.93) or in the (Fsaf) rats (130.6±15.7%; n=32; p>0.17) 
failed to differ significantly from those found in the (Ssun) 
rats (100.0±11.7%; n=21). At 5.6 mM D-glucose, however, the 
mean values found in each of the three groups of fructose-fed 
rats exceeded those recorded in the (Ssun) rats (100.0±43.6%; 
n=11), averaging 147.5±23.8% (n=11; p>0.35) in the (Fsal) rats, 
267.7±46.9% (n=13; p<0.02) in the (Fsaf) rats and 361.1±70.2% 
(n=9; p<0.005) in the (Fsun) rats (Table III).

Discussion

The present results concerning the utilization of D-[5-3H]
glucose suggest that, at least in rats exposed to a sunflower-
oil diet, the substitution of starch by D-fructose affected 
unfavourably the total rate of hexose phosphorylation by 
isolated islets. Such an utilization indeed represented in the 
(Fsun) rats only 66.1±3.3% of the mean corresponding values 
found at the same concentration of D-glucose in the (Ssun) rats, 
i.e. 100.0±13.9%. In this respect, the present results should be 
compared with the direct effect of D-fructose upon D-glucose 
phosphorylation by glucokinase (6).

In the fructose-fed rats, however, there was a close analogy 
between the D-[5-3H]glucose utilization and the dietary ω3/ω6 
ratio. Thus, the generation of 3HOH averaged in the (Fsal) rats, 
always expressed relative to the mean corresponding values found 
at the same hexose concentration in the (Ssun) rats, 97.8±6.0%, 
as distinct from 66.1±3.3% in the (Fsun) rats and 50.4±3.5% in 
the (Fsaf) rats. These findings are in good agreement with the 
observation that in islet homogenates from second-generation 
ω3-depleted rats, the phosphorylation of D-glucose by gluco
kinase is impaired relative to that found in control animals (7). 
The latter situation was previously proposed to be attributable 
to the accumulation of long-chain fatty-acyl CoA in the islets of 
ω3-depleted rats (7).

Despite such differences in D-[5-3H]glucose utilization, 
there was little to distinguish, in terms of D-[U-14C]glucose 
oxidation, between the four groups of rats examined in the 
present experiments. At the most, the low values found in the 
(Fsal) rats (67.6±6.4% of the corresponding reference values 
found at the same D-glucose concentration in the (Ssun) rats) 
contrasted with those recorded in either (Fsun) rats (99.0±8.4%) 
or (Fsaf) rats (93.8±13.8%).

At increasing concentrations of D-glucose, a preferential 
stimulation of D-[U-14C]glucose oxidation, relative to D-[5-3H]
glucose utilization, was observed in all four groups of rats, 
with a comparable concentration-response relationship in all 
cases. The most obvious difference between distinct groups of 
rats related to the 14CO2/3HOH ratio at a low concentration of 
D-glucose (2.8 mM). The results found, in this respect, in the 
fructose-fed rats, were tightly related to the severity of insulin 
resistance, as judged from the HOMA index (1,2). Thus, at 
2.8 mM D-glucose, the 14CO2/3HOH ratio averaged 2.69±0.43 
(n=11) in the (Fsal) rats, as distinct (p<0.02) from 5.57±0.73 
(n=22) in the (Fsun) and (Fsaf) rats. This is illustrated in Fig. 1, 
which further extends the relationship between these two sets 
of variables to the results for the 14CO2/3HOH ratio found at 
higher concentrations of D-glucose (8.3 and 16.7 mM). Indeed, 
at these higher concentrations of D-glucose, the correlation 
coefficient between the mean values for the 14CO2/3HOH ratio 
and HOMA index amounted to 0.964±0.003 (n=2).

In conclusion, the present metabolic data provide selected 
information on changes in the catabolism of D-glucose in rat 
pancreatic islets linked to dietary manipulations in the supply 
of distinct carbohydrates and distinct long-chain polyunsatu-
rated fatty acids, as well as on the possible relevance of these 
changes to the insulin secretory behaviour of pancreatic islets 
isolated from the same animals. Further investigations should 
not be ignored, however, such as a comparison between the fate 
of exogenous nutrients other than D-glucose or the metabolism 
of endogenous nutrients in the islets of the four groups of rats 
considered in this study.
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