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Hexose metabolism in pancreatic islets. Feedback control of D-glucose oxidation
by functional events

Willy J. Malaisse and Abdullah Sener

Laboratory of Experimental Medicine, Brussels Free University, Brussels (Belgium)

(Received 30 March 1988)

- Key words: Glucose; L-Leucine; (Pancreatic islets)

A rise in extracellular D-glucose concentration in pancreatic islet cells causes a greater relative increase in
the oxidation of pyruvate and acetyl residues than in glycolysis. A possible explanation for such an unusual
situation was sought in the present study. The preferential stimulation of mitochondrial oxidative events was
found to display a sigmoidal dependency on hexose concentration, and an exponential time course during
prolonged exposure of the islets to a high concentration of D-glucose. The preferential stimulation of
mitochondrial oxidative events was abolished in islets incubated in the presence of cycloheximide and
absence of Ca?*, in which case the oxidation of D-[6-C]glucose was more severely inhibited than that of
D-[3,4-¥Clglucose. Likewise, the inhibitor of protein biosynthesis and the absence of Ca?* affected the
oxidation of L-[U-'*CJleucine preferentially, relative to that of L-[1-'*C]leucine, in islets exposed to a high,
but not a low, concentration of the amino acid. These results demonstrate that in pancreatic islets it is
possible to dissociate both glycolysis from mitochondrial oxidative events and the oxidation of acetyl
residues from their generation rate. Moreover, the experimental data suggest that nutrient-responsive and

ATP-requiring functional processes exert a feedback control on mitochondrial respiration in this fuel-sensor

organ.

Introduction

It was recently reported [1] that a rise in D-glu-
cose concentration from 2.8 to 16.7 mM prefer-
entially stimulates, in normal rat pancreatic islets,
mitochondrial oxidative events, such as the trans-
fer of reducing equivalents, probably as mediated
by the glycerol phosphate shuttle [2], the de-
carboxylation of pyruvate and the oxidation of
acetyl-CoA in the Krebs cycle. This preferential
stimulation of mitochondrial oxidative events was
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confirmed by comparing the effect of hypoxia
upon the production of *H,O from p-[5-*H)glu-
cose and that of [*C]lactate and “CO, from
D-[U-"CJglucose [3], and could be reproduced by
stimulating with D-fructose islets exposed to a low
concentration of D-glucose [4]. Such a preferential
stimulation by hexoses of mitochondrial oxidative
processes represents a rather unusual situation.
Thus, the opposite response occurs in either glu-
cose-insensitive but normal secretory cells, e.g.,
parotid cells [2], or in tumoral islet cells in which a
rise in D-glucose concentration from 2.8 to 16.7
mM inhibits, through a Crabtree effect, D-[U-
1 CJglucose or D-[6-1*C]glucose oxidation as well
as O, uptake [5]. Because the cytosolic ATP/ADP
ratio apparently plays a key role in coupling
metabolic to cationic events in the process of
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nutrient-stimulated insulin release [6-8], the pref-
erential stimulation of mitochondrial oxidative
events in normal islets may represent a favourable
feature of this fuel-sensor organ [1].

In the present study, we have further explored
the unusual situation found in normal islet cells,
with emphasis on the concentration-response rela-
tionship and the time course for the preferential
stimulation of mitochondrial oxidative events, its
simulation in leucine-stimulated islets and its pos-
sible dependency on glucose-responsive and
ATP-requiring functional events. For the latter
purpose, the metabolism of glucose was investi-
gated in islets exposed to cycloheximide and/or
deprived of extracellular Ca** in order to inhibit
glucose-induced proinsulin biosynthesis and/or
insulin release [9,10]. Our results suggest that the
preferential action of bD-glucose upon
mitochondrial oxidative events in the islet cells
may indeed be attributable, to a large extent, to
the stimulation by the hexose of ATP-requiring
functional processes.

Materials and Methods

All experiments were performed with islets iso-
lated by the collagenase procedure [11] from the
pancreas of fed albino rats. The methods used to
measure the production of 3H,O from D-[5-
*H]glucose [3], the oxidation of !*C-labelled nutri-
ents [12], the formation of “C-labelled lactate,
pyruvate and amino acids from D-[U-'*Cjglucose
[13], and the generation of '*C-labelled 2-keto-iso-
caproate from L-[1-'*CJleucine [14] are described
in the references cited.

In some experiments, the utilization of D-[5-
*H)glucose and oxidation of p-[6-'*C]glucose were
measured simultaneously in the same samples. For
this purpose, groups of 20 islets each were in-
cubated in 40 pl of our usual bicarbonate-buffered
medium [11] containing both D-[5-*H]glucose and
p-[6-1*Clglucose in a small tube, which was placed
in a larger tube itself placed in a counting vial
containing 0.5 ml of 0.1 M HCl and sealed with a
rubber stopper. The vials were gassed for 5 min
with a mixture of 0,/CO, (19/1, v/v). After
incubation, 20 pl of a citrate-NaOH buffer (0.4
M, pH 4.9) containing 10 pM antimycin A, 10 puM
rotenone and 5.0 mM KCN and 250 pl of hy-
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amine hydroxide were injected into the incubation
medium and the larger tube, respectively. After 60
min incubation at room temperature, the large
tube was removed and examined for its radioac-
tive content (**C0,). The small tube was placed
back into the counting vial, which was im-
mediately sealed and further incubated for 22 h at
room temperature for the recovery of *H,0 [3].
Double-channel counting indicated the absence of
cross-contamination.

All results are expressed as the mean (+S.E.)
together with the number of individual determina-
tions (n) or degrees of freedom (d.f.). The S.E. on
differences or ratios between mean values was
calculated as described elsewhere [15,16]. The stat-
istical significance of differences was assessed by
use of a Student’s s-test. Although mean absolute
values for distinct metabolic variables, as derived
from separate experiments, are usually presented
in the tables and figures, the statistical compari-
sons quoted in the text are always restricted to
data collected within the same experiment(s).

Results

Concentration-response relationship and time course
for D-glucose utilization and oxidation

During 120 min of incubation, the production
of *H,0 from D-[5-*H]glucose and that of **CO,
from D-[6-!*C]glucose both increased in a
sigmoidal manner when the hexose concentration
was raised from 2.8 to 16.7 mM. The ratio of
14C0,/>H,0 production was twice as high at 16.7
than at 2.8 mM D-glucose, and itself displayed a
sigmoidal concentration-response relationship on
increasing the hexose concentration (Fig. 1, upper
left panel). At a high concentration of D-glucose
(16.7 mM), the production of *H,0 occurred at a
fairly constant rate (data not shown), but that of
14CO, displayed an exponential-like time course
(Fig. 1, lower right panel). At the high glucose
level, the ratio of *CO,/*H,0 production, thus,
progressively increased during incubation (Fig. 1,
upper right panel).

Effect of cycloheximide and Ca’* deprivation on
glucose metabolism

In order to investigate the possible relevance of
functional events to the regulation of glucose
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Fig. 1. Concentration-response relationship (left) and time
course (right) for the formation of *CQ, from b-[6-1*Cglu-
cose (lower panels) and for the ratio between CO, output
and *H,0 production from p-[5-3H]glucose (upper panels).
The experiments were conducted over a fixed period of incuba-
tion (120 min, left) or at a fixed concentration of p-glucose
(16.7 mM, right). Mean values (+S.E.) refer to 18 (left) or 24
(right) individual determinations, the ratio between '4CO,
output and *H,0 production being expressed relative to the
mean value recorded within the same experiment(s) after 120
min incubation in the presence of 16.7 mM b-glucose. Such a
reference value averaged 30.5+1.2%.

metabolism, we first examined the behaviour of
islets concomitantly exposed to cycloheximide (50
pM) and deprived of Ca*, the incubation medium
containing no CaCl,, which was replaced by an
equimolar amount of MgCl, (final Mg?* con-
centration, 2.0 instead of 1.0 mM). The results of
these experiments are illustrated in Fig. 2.

In the control experiments performed in the
absence of cycloheximide and at normal con-
centrations of both Ca2* (1.0 mM) and Mg2™* (1.0
mM), a rise in D-glucose concentration from 2.8 to
16.7 mM augmented to a lesser relative extent the
production of *H,0 from p-[5-*H]glucose than
the oxidation of either p-{3,4-'*CJglucose or D-[6-
“Clglucose. The 16.7 mM /2.8 mM ratio averaged
2.17 4+ 0.10 (d.f. = 74) for *H,0O production, 6.33
+0.31 for the oxidation of D-[3,4-'*C]glucose

(d.f.=71) and 6.05+40.21 for the oxidation of
p-[6-'*C]glucose (d.f. = 70). Relative to the oxida-
tion of D-[3,4-*Clglucose, which informs on the
decarboxylation of pyruvate, the oxidation of D-
[6-'*C]glucose, which informs on the oxidation of
acetyl residue in the Krebs cycle, was not affected
by the rise in hexose concentration, averaging
36.9+£21% (n=20) and 344+ 1.6% (n=20) at
2.8 and 16.7 mM D-glucose, respectively.

At a low concentration of D-glucose (2.8 mM),
the catabolism of the hexose was little affected by
the presence of cycloheximide and the nominal
absence of Ca?*, the ratio of experimental / control
values averaging 0.98 + 0.06 (d.f. = 80) for *H,O
production, 0.99 + 0.05 (d.f. = 82) for the oxida-
tion of p-[3,4-'*Clglucose and 0.87 + 0.05 (d.f. =
81) for the oxidation of D-[6-*C]glucose. The
ratio of D-[6-'*C]glucose oxidation to b-[5->H]glu-
cose utilization failed to be significantly affected
by the presence of cycloheximide and the nominal
absence of Ca®*. It averaged 10.1 4 0.8 and 9.7 +
0.4% (n =21 in both cases) in control and experi-
mental islets, respectively. At a high concentration
of D-glucose (16.7 mM), the utilization of D-[5-
*H)glucose remained not significantly affected by
the presence of cycloheximide and the nominal
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Fig. 2. p-Glucose catabolism in pancreatic islets exposed to a
low or high concentration of hexose. Mean values (+S.E.) are
derived from 40-43 individual determinations and refer to the
generation of *H,0 from p-[5->Hjglucose (open columns),
oxidation of D{3,4-'*CJglucose (hatched columns) and oxida-
tion of p{6-1*CJglucose (filled columns). In each pair, the
column on the left illustrates the control values and that on the
right indicates the results collected in the presence of cyclo-
heximide and the nominal absence of Ca2*,
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TABLE 1

EFFECT OF ENVIRONMENTAL AGENTS ON THE UTILIZATION OF p-[5-*HJGLUCOSE AND OXIDATION OF D-[3,4-

14CJGLUCOSE OR p-{6-"*CJGLUCOSE

Expt. D-Glucose Ca?* Mg?* EGTA Cycloheximide b-[5-*H]Glucose p-3,4-"*C]Glucose  D-[6-1*C]Glucose
No. (mM) (mM) (mM) (m@mM) (@@mM) (pmol /120 min per islet)
1 28 2.0 0.05 475+ 4.3(26) 6.1+0.4 (24)
2.8 1.0 025 0.5 4324 4.6(26) 6.8+0.5 (23)
2 16.7 2.0 0.05 125.1+11.0 (20) 24.5+1.8 (20)
167 1.0 025  0.05 111.2+ 9.5(20) 189+1.2(19)
3 16.7 10 10 91.2+3.3 (14) 34.441.7(15)
16.7 1.0 025 005 65.8+3.5(15) 15.0+1.3 (15)

absence of Ca®*, the ratio of experimental/ control
values amounting to 1.07 + 0.07 (d.f. = 83). How-
ever, both the oxidation of p-[3,4-'*C]glucose and
that of D-[6-'"*C]glucose were significantly de-
creased (P <0.001). by the presence of cyclo-
heximide and the nominal absence of Ca?* in the
islets exposed to the high concentration of D-glu-
cose. The relative extent of such an inhibition was
more marked (P <0.005) in the case of D-[6-
14Clglucose (—34.5 + 3.7%; d.f. = 79) than D-[3,4-
1 Clglucose oxidation (—17.6 + 4.6%; d.f. = 81).
In the next series of experiments, the islets
exposed to cycloheximide were incubated either in
the nominal absence of Ca?* and presence of 2.0
mM Mg?*, as in the previous set of experiments,
or in media deprived of CaCl, and enriched with
EGTA (0.25 mM), in which case the MgCl, con-
tent (1.0 mM) of the incubation medium was not
altered. As shown in Table I (experiments 1 and
2), the production of *H,0 from p-[5-*H]glucose
was not significantly different under these two
experimental conditions, whether a low or high
D-glucose concentration was used. Likewise, at the
low hexose concentration (2.8 mM), the oxidation
of p-[6-"*C]glucose was not significantly different
in the nominal absence of Ca®* or presence of
EGTA, respectively. However, at a high D-glucose
concentration (16.7 mM), the oxidation of D-[6-
1 Clglucose was significantly lower (P < 0.001) in
the presence of EGTA than in the nominal ab-
sence of Ca2*. In the presence of EGTA and
cycloheximide, the relative extent of inhibition in
D-[3,4-1C]glucose and D-[6-'*C]glucose oxidation,
at the high hexose concentration, averaged 28.0 +
5.1% (d.f.=27) and 56.5+5.9% (d.f.=28), re-

spectively (Table I, Expt. 3). These two values, in
addition to being significantly different from one
another (P < 0.001), were both significantly higher
than the corresponding degree of inhibition re-
corded in the first series of experiments performed
in the nominal absence of Ca%* (see above). The
changes evoked by the presence of cycloheximide
and absence of Ca?* at the various steps of D-glu-
cose catabolism ‘in islets exposed to a high con-
centration of the hexose are illustrated in Fig. 3. It
should be stressed that the absolute rate of p-[6-
14 Clglucose oxidation remained higher at 16.7 mM
than at 2.8 mM, even in the presence of cyclo-
heximide and absence of Ca?* (Fig. 1 and Table
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Fig. 3. Schematic view of the percent changes evoked by the
presence of cycloheximide and absence of Ca?* in the
metabolism of D-glucose by pancreatic islets exposed to a high
concentration of the hexose (16.7 mM).
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TABLEII
EFFECT OF CYCLOHEXIMIDE AND/OR THE ABSENCE OF Ca?* UPON THE OXIDATION OF p-{6-* CJGLUCOSE (16.7
mM)
Ca’* EGTA Cycloheximide D-[6-1*C]Glucose oxidation Inhibition
(mM) (mM) (mM) (pmol /120 min per islet) (%)
1.0 344+13(16) nil
1.0 0.05 29.6+0.8 (16) 139423
0.25 21.3+£1.2(16) 38.2+34
0.25 0.05 16.1+1.2 (16) 533435

In the last set of experiments in this series, we
assessed the respective roles of the presence of
cycloheximide and absence of Ca?* in the control
of D-[6-"*C]glucose oxidation by islets exposed to
a high concentration of the hexose (16.7 mM). The
results indicate that the presence of cycloheximide
caused a significant reduction (P < 0.001) in D-[6-
14CJelucose oxidation (Table II). The absence of
Ca®* also inhibited D-[6-'*C]glucose oxidation.
The latter inhibition was more pronounced than
that caused by cycloheximide (P < 0.001). The
inhibition was even greater (P < 0.005) in both the
presence of cycloheximide and absence of Ca?*,
these two environmental factors acting in a simple
additive manner (Table II).

Production of '*C-labelled lactate, pyruvate and
amino acids

In order to complete the evaluation of D-glu-
cose metabolism, we measured the production of
[**Cllactate and that of *C-labelled pyruvate and
amino acids, considered as a whole, in islets ex-
posed to D-[U-"C]glucose (Table III). In the con-
trol media, a rise in D-glucose concentration from
2.8 to 16.7 mM increased the production of both

TABLE III

[**Cllactate and " C-labelled pyruvate and amino
acids. The 16.7 mM /2.8 mM ratio for the produc-
tion of *C-labelled pyruvate and amino acids
(2.46 £ 0.21; d.f. = 22) was somewhat higher (P <
0.02) than that for the formation of [**C]lactate
(1.83 +: 0.11; d.f. =22). The rise in hexose con-
centration indeed decreased (P < 0.05) the pro-
duction ratio of [**C]lactate/!*C-labelled pyru-
vate and amino acids from 5.22 + 0.40 to 4.05 +
0.41 (d.f. = 22 in both cases). It should be stressed
that the 16.7 mM /2.8 mM ratios for the produc-
tion of either [**Cllactate or *C-labelled pyruvate
and amino acids were significantly lower (P <
0.001) than those recorded for the oxidation of
D-[3,4-'*Clglucose or D-[6-*C]glucose (see above).

At the low concentration of D-glucose (2.8 mM),
the presence of cycloheximide and absence of
Ca’* failed to affect significantly the production
of either [ CJlactate or *C-labelled pyruvate and
amino acids (Table II), the ratio of experimen-
tal /control values averaging, respectively. 0.99 +
0.09 and 0.90 + 0.16 (d.f. =26 in both cases). At
the high concentration of p-glucose (16.7 mM),
the production of [**C]lactate failed to be affected
by the presence of cycloheximide and absence of

EFFECT OF CYCLOHEXIMIDE AND THE ABSENCE OF Ca?* UPON THE PRODUCTION OF ['*CJLACTATE AND
THAT OF " C-LABELLED PYRUVATE AND AMINO ACIDS FROM p-[U-'*C]JGLUCOSE

D-Glucose Ca?* EGTA Cycloheximide pmol of glucose equivalent /120 min per islet
(mM) (mM) (mM) (mM) [**Cllactate 14 C-labelled pyruvate
and amino acids
2.8 1.0 41.7+£3.2(14) 82+1.2(14)
2.8 : 0.25 0.05 40.8+2.8 (19) 74109 (14)
16.7 1.0 744161 (14) 204+4.8 (14)
16.7 0.25 0.05 76.5+9.4 (14) 15.2+3.9(14)




Ca?* (ratio of experimental/control values: 1.03
+0.16; d.f. =26). However, the production of
14 labelled pyruvate and amino acids appeared
to be decreased, the ratio of experimental / control
value averaging 0.73 £ 0.23 (d.f. = 26). The signifi-
cance of the latter change became apparent by the
finding that, in islets exposed to 16.7 mM p-glu-
cose, the production ratio of ['*C]lactate/!*C-
labelled pyruvate and amino acids was increased
(P < 0.05) by the presence of cycloheximide and
absence of Ca2™* from a control value of 4.05 + 0.41
to 6.64+1.06 (d.f.=22 in both cases). In the
presence of cycloheximide and absence of Ca?*,
the production of ' C-labelled pyruvate and amino
acids remained significantly higher, however, at
16.7 than at 2.8 mM D-glucose, the 16.7 mM /2.8
mM ratio averaging 2.06 +0.30 (d.f.=22; P<
0.005).

L-Leucine catabolism

In control media, a rise in L-leucine concentra-
tion from 1.0 to 20.0 mM increased almost 3-fold
(278 £ 0.09; d.f.=24) the rate of 2-keto[l-
14Clisocaproate generation (Fig. 4). Relative to the
generation rate of the 2-keto acid from L-[1-
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Fig. 4. L-Leucine catabolism in pancreatic islets exposed to a
low or high concentration of the amino acid. Mean values
(£ S.E.) are derived from 13-16 individual determinations and
refer to the generation of 2-ketoisocaproate from L-[1-
" Clleucine (open columns), oxidation of L-[1-"CJleucine
(hatched columns) and oxidation of L-[U-'*Clleucine (filled
columns). In each pair, the column to the left illustrates the
control values, and that to the right indicates the results
collected in the presence of cycloheximide (50 pM) and EGTA
(0.25 mM) and absence of Ca?*.
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14CJleucine, the oxidation of the amino acid aver-
aged 67.2 4+ 3.1% and 54.5 + 4.3% in the presence
of 1.0 and 20.0 mM L-leucine, respectively (n =13
in both cases). The 20.0 mM /1.0 mM ratio for the
oxidation of L-[1-!*C]leucine and L-[U-'*CJleucine
averaged, respectively. 2.26 + 0.12 (d.f. = 36) and
2.53 £ 0.24 (d.f.= 41). The ratio of L-[U-
14 CJleucine/L-[1-"*C]leucine oxidation was not
significantly affected by the rise in amino acid
concentration, with an overall mean value of 34.7
+ 8.4% (d.f. = 28).

The presence of cycloheximide and absence of
Ca?* failed to affect significantly the generation
of 2-keto[1-'*Clisocaproate, the oxidation of L-[1-
14Clleucine and that of L-[U-'C]leucine in islets
exposed to a low concentration of the amino acid
(1.0 mM), the ratio of experimental /control val-
ues averaging, respectively, 0.93 + 0.06 (d.f. = 22),
1.07 £ 0.09 (d.f. =22) and 0.85 + 0.08 (d.f. =28).
However, at a higher concentration of L-leucine
(20.0 mM), the catabolism of the amino acid was
significantly impaired by the presence of cyclo-
heximide and absence of Ca?* (P <0.01). Thus,
the ratio of experimental /control values averaged
0.63 + 0.05 (d.f. = 22) in the case of the generation
of 2-keto[1-'*Clisocaproate, 0.80 + 0.06 (d.f. = 22)
in the case of L-[1-!*CJleucine oxidation and 0.60
+0.10 (d.f. =28) in the case of L-JU-"CJleucine
oxidation. Relative to the mean corresponding
control value, the percent inhibition was almost
twice as high for L-[U-"C]leucine than for L-[1-
1 Clleucine oxidation (P <0.005; d.f. =27). As a
result of these changes, the 20.0 mM/1.0 mM
ratios in L-[1-'*CJleucine and L-[U-'"C]leucine
oxidation represented, in the presence of cyclo-
heximide and absence of Ca’”*, only 74.7 + 4.6%
and 69.9 + 4.6%, respectively, of the mean control
value found within the same experiments (d.f. = 22
and 28; P < 0.005). Nevertheless, even in the pres-
ence of cycloheximide and absence of Ca®*, the
oxidation rate of both L-[1-'*C]leucine and L-[U-
14Clleucine remained much higher in islets ex-
posed to 20.0 mM rather than 1.0 mM L-leucine.

Discussion
The present results confirm that a rise in ex-

tracellular D-glucose concentration causes, in islet
cells, a preferential stimulation of mitochondrial
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oxidative events, including the transfer of reduc-
ing equivalents generated by glycolysis into the
mitochondria, the decarboxylation of pyruvate and
the oxidation of acetyl residues in the Krebs cycle
[1]. As judged from the ratio of D-[6-'*C]glucose
oxidation to p-[5->H]glucose utilization, this pref-
erential stimulation displays a sigmoidal depend-
ency on hexose concentration and an exponential
time course during prolonged exposure to a high
concentration of D-glucose. Such a concentration
dependency and time course are reminiscent of
those characterizing the functional response of the
B-cell to D-glucose. Indeed, the stimulation of
proinsulin biosynthesis, cationic fluxes and insulin
release by D-glucose also displays a sigmoidal
concentration dependency and a progressively in-
creased magnitude during prolonged exposure to
the hexose [9,17-20].

The preferential stimulation of mitochondrial
oxidative events was suppressed in the presence of
cycloheximide and/or absence of Ca®*. The rela-
tive extent of inhibition was apparently modulated
by the availability of extracellular Ca?*, being
more pronounced in the presence of EGTA than
in the nominal absence of Ca’*. Although a
primary effect of Ca2* deprivation upon the activ-
ity of selected enzymes should not be ruled out,
the present data suggest that the inhibition of
mitochondrial oxidative events cannot be ascribed
solely to such an effect. Indeed, the presence of
cycloheximide, which inhibits protein synthesis in
the islet cells [9], decreased D-[6-'*C]glucose
oxidation even in islets maintained at a normal
extracellular Ca®* concentration. Moreover, at a
low concentration of D-glucose (2.8 mM), Ca?*
deprivation failed, as a rule, to affect significantly
D-glucose catabolism, especially the ratio between
D-[6-1*Clglucose oxidation and D-[S-*H]glucose
utilization. The present results are compatible,
therefore, with the concept that ATP-requiring
functional processes, stimulated by D-glucose, ex-
ert a feedback control upon mitochondrial respira-
tion in the islet cells [15,21]. Further work is
required, however, to elucidate the precise mecha-
nism of such a feedback control and its relative
dependency on distinct, albeit interrelated, glu-
cose-responsive and ATP-requiring functional
events, such as the biosynthesis of proinsulin [9],
the active pumping of Ca’* by suitable Ca*-

ATPases [22] and the contractile activity of the
microfilamentous cell web [23].

The present results, when considered in the
framework of current knowledge on the regulation
of D-glucose catabolism in islet cells [24], affords
two further pieces of information.

First, it is shown that the regulation of glycoly-
sis can be dissociated from that of mitochondrial
oxidative events. Thus, in islets exposed to a high
concentration of D-glucose, the presence of
cycloheximide and absence of Ca?* failed to af-
fect significantly the production of *H,O from
p-[5-3H]glucose, but inhibited severely the oxida-
tion of D-[3,4-1*Clglucose or b-[6-'*C]glucose. This
suggests that the rate of glycolysis may be mainly
regulated by the extracellular concentration of
D-glucose according to a mass action phenomenon
[24,25], whereas mitochondrial oxidative events
are also tightly controlled by the balance between
ATP formation and hydrolysis. In this respect, it
should be underlined that the presence of cyclo-
heximide and absence of Ca?* did not abolish the
capacity of D-glucose to cause a concentration-de-
pendent increase in '*CO, production from either
D-[3,4-1CJglucose or p-[6-*C]glucose. This could,
conceivably, reflect the fact that the presence of
cycloheximide an absence of Ca®* failed to sup-
press completely all glucose-responsive and ATP-
requiring functional processes in the islet cells.
Alternatively, a rise in D-glucose concentration
may increase, to a limited extent, the mitochondrial
production of *CO, from exogenous *C-labelled
D-glucose, independently of any major change in-
the rate of ATP utilization. In any case, the disso-
ciated regulation of glycolytic and mitochondrial
oxidative events, respectively, does not invalidate,
but rather reinforces, the concept that the stimula-
tion of functional events by D-glucose is causally
linked to an acceleration of hexose catabolism in
the islet cells [17,26], the postulated participation
of a feedback control mechanism being perfectly
compatible with the fuel hypothesis for insulin
release [21].

The second piece of information concerns the
identification of a novel regulatory step in D-glu-
cose catabolism in islet cells. In previous work, we
have already stressed the view that the catabolism
of D-glucose in normal islet cells is not ruled solely
at the level of hexose phosphorylation by



hexokinase and glucokinase, but also involves more
distal regulatory steps such as the channelling of
hexose phosphates into distinct metabolic path-
ways [27,28], the activation of phosphofruc-
tokinase [25] and the respective contribution of
aerobic and anaerobic glycolysis to the formation
of pyruvate from triose phosphate [1,3]. The oper-
ation of the latter regulatory mechanism is con-
firmed in the present study, since a rise in D-glu-
cose concentration from 2.8 to 16.7 mM aug-
mented the fractional contribution of aerobic gly-
colysis to the total rate of pyruvate generation
from 26.5+6.5% to 42.8 +4.5% (P <0.05). The
present data reveal, however, the existence of a
further regulatory mechanism located at an even
more distal site, namely at the site of entry of
acetyl residues into the Krebs cycle. Indeed, at a
high concentration of D-glucose (16.7 mM), the
presence of cycloheximide and absence of Ca®*
decreased the oxidation rate of acetyl residues,
relative to their rate of generation from pyruvate,
from a control value of 36.8 + 1.9% t0 22.7 + 1.8%
(n=15 in both cases; P <0.001). It should be
stressed that the operation of this regulatory
mechanism was only disclosed in the experiments
conducted in the presence of cycloheximide and
absence of Ca2*. Thus, under normal environmen-
tal conditions, the ratio of D-[6-1*C]glucose/D-
[3,4-¥*Clglucose oxidation appears to be unaf-
fected by a rise in hexose concentration, as judged
from results from both a prior report [1] and the
present study.

The present results enable the extension to
L-leucine-stimulated islets of the concept of a
feedback control by functional processes of
mitochondrial oxidative events. Indeed, the pres-
ence of cycloheximide and absence of Ca?* failed
to affect L-leucine catabolism at a non-insulino-
tropic concentration of the amino acid (1.0 mM),
but significantly inhibited the conversion of L-
leucine to 2-ketoisocaproate and its further oxida-
tion at a 20-fold higher, and hence stimulatory
[29], concentration of the amino acid. The con-
trasting results obtained at low and high con-
centrations of L-leucine argue against a primary
interference with the transport of the amino acid
into islet cells. At the high concentration of L-
leucine, the decrease in the generation rate of
2-ketoisocaproate, as provoked by the presence of
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cycloheximide and absence of Ca2™*, may reflect a
reduced rate of 2-ketoglutarate formation from
L-glutamate as catalyzed by glutamate dehydro-
genase. Indeed, the provision of a-ketoglutarate,
through the latter reaction, apparently regulates,
in pancreatic islets, the rate of 2-ketoisocaproate
generation from L-leucine [30].

There was a striking analogy between the
oxidation of D-[6-!*Clglucose relative to that of
p-[3,4-"Clglucose and the oxidation of L-[U-
14Clleucine relative to that of r-[1-'*Cjleucine.
Thus, in control media, a rise in either D-glucose
or L-leucine concentration failed to affect signifi-
cantly the p-[6-'*C]glucose/D-[3,4-1*C]glucose or
L[U-"CJleucine / L-[1-"*C]leucine oxidation ratios.
However, at a high concentration of these nutri-
ents, the presence of cycloheximide and absence
of Ca?* inhibited more severely the oxidation of
D-[6-*C)glucose and L-[U-'*C]leucine than that of
D-[3,4-1*CJglucose and L-[1-'*CJleucine, respec-
tively. This indicates that the environmental fac-
tors under consideration affected, to a greater
extent, the oxidation in the Krebs cycle of acetyl-
CoA residues derived from either pyruvate or 2-
ketoisocaproate than the provision of such re-
sidues or their precursors through the reactions
catalyzed by either pyruvate dehydrogenase or
banched-chain a-ketoacid dehydrogenase. Such a
situation could reflect the known analogy in the
regulation of the latter two mitochondrial enzymes
in islet or other cell types [31,32].

In conclusion, the present results strongly sug-
gest that nutrient-responsive and ATP-requiring
processes exert in islet cells a feedback control on
mitochondrial oxidative events. Further work is in
progress to elucidate the mechanism of such a
feedback control. Meanwhile, our findings should
serve as a warning in the interpretation of meta-
bolic, especially oxidative, data collected in mod-
els of B-cell dysfunction characterized by a de-
creased functional response to D-glucose. Indeed,
in such models, a preferential impairment of
hexose oxidation, rather than utilization [33], could
represent, in part at least, the consequence rather
than the cause of the secretory defect.
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