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ABSTRACT

In insulin-producing cells of the RINmSF line, the nonmetabolized
analogue of i.-leucine, 2-aminobicyclo|2,2,1 |heptane-2-carboxylic acid de
creases <), consumption, lowers ATP content, and inhibits insulin release
despite stimulation of both Ml, production and "(<)., output from cells
prelabeled with L-|i/-uC]glutamine. The metabolic and secretory effects
of 2-aminobicyclo|2,2,l|heptane-2-carboxylic acid are opposed to those
of D-glucose, which increases respiration, ATP content, and insulin
release, while lowering Ml, production and "< (), output from the
prelabeled cells. D-Glucose also antagonizes the inhibitory action of 2-
aminobicyclo|2,2,l|heptane-2-carboxylic acid upon both respiration and
secretion. These findings suggest that, in tumor as in normal islet cells,
the regulation of insulin release by exogenous nutrients depends on the
availability of endogenous ATP.

INTRODUCTION

It was recently reported that the nonmetabolized analogue of
L-leucine, BCH,3 inhibits respiration and insulin release in

tumor islet cells of the RINmSF line (1). This represents an
unexpected finding since BCH, on the contrary, augments O2
consumption and stimulates insulin release in normal islet cells
(2, 3). The latter situation is currently ascribed to activation of
glutamate dehydrogenase by BCH (4, 5). Since BCH also
activates glutamate dehydrogenase in RINmSF cell homoge-
nates (1), it appears unlikely, albeit not inconceivable, that the
contrasting metabolic and secretory effects of the leucine ana
logue in tumor and islet cells, respectively, can be accounted
for by a difference in the effect of BCH upon the catabolism of
endogenous amino acids. In order to directly assess the latter
effect, we have now examined the influence of BCH upon both
the production of NHJ by RINmSF cells and the output of
I4CO2 from cells prelabeled with L-[t/-'4C]glutamine. Although
the tumor cells are often considered as poorly responsive to D-
glucose (6, 7), we have further compared the results obtained
with BCH to those collected in cells exposed to either D-glucose
alone or the combination of BCH and D-glucose. The results
reveal that D-glucose protects the RINmSF cells against the
inhibitory action of BCH upon respiratory and secretory vari
ables.

MATERIALS AND METHODS

The L-leucine analogue BCH was purchased as the (Â±)-stereoisomer
mixture from Calbiochem AC (Lucerne, Switzerland).

Tumoral cells of the RINmSF line were cultured and harvested as
previously described (8). The methods used to measure insulin release
(9, 10), D-glucose oxidation (10), NHJ production (11), I4CO2 output
from cells prelabeled with L-[l/-14C]glutamine (11,12), ATP and ADP
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content (1, 13), and O2 uptake (1, 14) were identical to those reported
in the cited references. All results are expressed as the mean values (Â±
SE) together with the number of individual observations (in parenthe
ses). The statistical significance of differences between mean values was
assessed by use of Student's / test.

RESULTS

Insulin Release. In the absence of exogenous nutrient, BCH
(10 mM) severely inhibited basal insulin release (Table 1). D-
Glucose caused a modest increase in insulin output. Such an
increase averaged, at 2.8 to 16.7 mM D-glucose, 24.6 Â±2.5% of
basal output. BCH also inhibited insulin release in the presence
of D-glucose. The relative extent of inhibition was less marked,
however, in the presence of D-glucose (32.1 Â±2.1%; d.f. = 56)
than in its absence (50.7 Â±3.3%; d.f. = 33). L-Glutamine (1.0
HIM)augmented insulin release more than D-glucose, but failed
to protect the islet cells against the inhibitory action of BCH.
Indeed, the rate of insulin secretion measured in RIN cells
exposed to BCH was virtually identical in the absence and
presence of L-glutamine (Table 1).

D-[i/-14C]GIucose Oxidation. Over 30- to 90-min incubation,
D-[t/-l4C]glucose (2.8 mM) was oxidized at the same rate in the

absence and presence of BCH ( 10.0 mM). The oxidation of the
hexose averaged 8.44 Â±0.55 and 8.97 Â±0.50 pmol/90 min/
IO3cells (n â€”43 in both cases), respectively, in the absence and
presence of the L-leucine analogue.

NHJ Production. At the onset of incubation, the NHJ content
of the RINmSF cells and incubation medium averaged 3.87 Â±
0.43 pmol/IO3 cells (n = 65). In the absence of BCH, the

production of NHÃ•occurred linearly with time, at least over
the first 60 min of incubation (Fig. 1). BCH (10.0 IHM)signifi
cantly augmented NHJ production over 15- or 30-min incuba
tion. The stimulant action of BCH upon NHJ production then
progressively faded out. As shown in Table 2, D-glucose inhib
ited both basal and BCH-stimulated NHJ production.

14CO2 Production by Cells Prelabeled with L-|i/-MqGluta-

mine. When the RINmSF cells were preincubated for 30 min
in the presence of L-[f7-'4C]glutamine (1.0 mM) and then washed

4 times with a nonradioactive medium, their radioactive con
tent, expressed as L-glutamine equivalent, corresponded to 5.43
Â±0.22 pmol/103 cells (n = 80). As shown in Table 3, BCH
significantly augmented 14CO2output from the prelabeled cells.

After correction for the readings collected in the presence of
metabolic poisons, the BCH-induced increment in I4CO2output
averaged 54.5 Â±6.3% (d.f. = 30). On the contrary, D-glucose
inhibited both basal I4CO2 output (-39.9 Â±4.2%) and, to a
lesser extent, BCH-stimulated 14CO2 production (-20.4 Â±

5.4%).
ATP and ADP Cell Content. BCH decreased the ATP content,

ATP/ADP ratio, and total content in both ATP and ADP
(Table 4). o-Glucose exerted effects opposite to those caused
by BCH. In the presence of both BCH and D-glucose, the results
were similar to those found in the basal state.

O2 Uptake. As previously reported ( 1), BCH decreased basal
O2 uptake (Table 5), whereas D-glucose increased respiration.
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D-GLUCOSE INFLUENCE ON TUMOR CELL RESPONSE TO BCH

Table 1 Effect of BCH upon insulin output from RINmSF cells

Insulin output
(nanounits/90 min/103 cells)

Nutrient,mMNil

o-Glucose, 2.8
D-Glucose, 5.6
D-Glucose,16.7i

(limammo. 1.0No

BCH126.1
Â±2.4"(18)*

162.9 + 5.0(8)
157.2 Â±2.1 (10)
151.3 Â±2.4 (8)
170.5 Â±4.3 (18)BCH,

10.0HIM62.2

Â±4.2(17)
102.5 Â±3.9(15)
108.7 + 2.0(9)
111.8 + 6.5(8)
59.8 Â±5.3 (18)

' Mean Â±SE.
* Numbers in parentheses, number of individual observations.
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Fig. 1. Time course for NHJ production by RINmSF cells incubated for 15 to
90 min in the absence (â€¢)or presence (O) of BCH (10.0 mM). Points, mean of 15
to 65 individual observations; bars, SE.

Table 2 Effect of BCH upon NHÃ•production

Nutrient(s) (HIM)

Increment in NHÂ«*

production
(pmol/15 min/103 cells)"

Nil
BCH, 10.0
D-Glucose, 2.8
D-Glucose, 2.8, â€¢BCH, 10.0

+4.23 Â±0.38* (20)'

+9.30 Â±0.44 (21)
+2.63 Â±0.37 (21)
+5.27 Â±0.34 (21)

" All results are corrected for the initial content ut' NI I,' measured at the onset

of incubation (see text).
' Mean Â±SE.
' Numbers in parentheses, number of individual observations.

Table 3 Effect of BCH upon 14CO2output from RINmSF cells prelabeled with
L-fU-^CJglutamine

Agent, mM

14CO2output (per 30 min)
(pmol of glutamine-
equivalent/103 cells)

Nil
BCH, 10.0
D-Glucose, 2.8
D-Glucose, 2.8, + BCH, 10.0
KCN, 1.0, + antimycin A, 0.01, +

rotenone, 0.011.32

Â±0.03Â°(16)*
1.90 + 0.06(16)
0.91 Â±0.05 (16)
1.57 Â±0.07 (16)
0.25 Â±0.01 (16)

' Mean Â±SE.
* Numbers in parentheses, number of individual observations.

In the presence of o-giucose, BCH failed to inhibit and actually
slightly increased O2 consumption. In a larger series of experi
ments, the rate of O2 uptake (pmol/60 min/IO3 cells) by

RINmSF cells exposed, from the onset of incubation, to 2.8
mM D-glucose averaged 276.9 Â±13.9, as distinct from 206.3 Â±
11.6 in the absence of exogenous nutrient (n = 14 to 17). The
mean value for the glucose-induced increase in O2 uptake
(nonpaired comparison, 70.6 Â±18.0 pmol/60 min/103 cells)

was higher than that expected from the mean oxidation rate of
D-[t/-'4C]glucose (2.8 mM) which, in a series of 6 experiments,
yielded a rate of 14CO2output averaging 33.8 Â±6.8 pmol/60
min/103 cells. Such a difference, however, failed to achieve

statistical significance (P > 0.3).

DISCUSSION

The present results indicate that, in RINmSF cells, BCH
increases both NHJ production and I4CO2 output from cells
prelabeled with L-[i/-'4C]glutamine. The most likely explana

tion for these metabolic effects consists in the activation of
glutamate dehydrogenase by BCH, as observed in normal rat
islets (5). The present data suggest, therefore, that the inhibitory
action of BCH upon O2 uptake by the RINmSF cells cannot be
ascribed to a sparing action upon the catabolism of endogenous
amino acids. As a matter of fact, we have recently observed that
BCH severely inhibits 14CO2 production from RINmSF cells
prelabeled with [t/-'4C]palmitate.4 Hence, a decrease in the

oxidation of endogenous fatty acids, rather than endogenous
amino acids, probably accounts for the BCH-induced decrease
in O. uptake.

D-Glucose exerted opposite effects of those evoked by BCH
upon insulin release, NHJ production, I4CO2 output from pre

labeled cells, ATP/ADP ratio, and O2 consumption. Except for
the decrease in I4CO2 output from the cells prelabeled with L-
[t/-'4C]glutamine (15), these effects are similar to those evoked

by hexose in normal islet cells (13-15). The respiratory and
secretory effects of BCH and D-glucose were not solely opposite
but also antagonistic of one another. Thus, the relative extent
of the inhibitory action of BCH upon insulin release was
decreased in the presence of D-glucose, and the leucine analogue
failed to inhibit O2 uptake in the presence of the hexose. Since
BCH nevertheless lowered the ATP/ADP ratio and inhibited
insulin release in glucose-stimulated RINmSF cells, one could
propose that BCH somehow affects the turnover of ATP,
independently of its effect upon the oxidation of endogenous
nutrients.

L-Glutamine, although increasing insulin release above basal
value, failed to reproduce the protective effect of D-glucose
against the inhibitory action of BCH on insulin secretion. The
secretory response of the RINmSF cells to L-glutamine is thus
vastly different from that seen in normal islets, in which the
amino acid fails to affect basal insulin output but dramatically
augments BCH-stimulated hormonal release (4).

Despite the obvious differences in the secretory behavior of
normal and tumor islet cells, the present data suggest that the
availability of ATP represents a major determinant of the
changes in insulin release evoked by nutrient secretagogues in
both normal and tumor islet cells (1, 13).

In conclusion, the present work indicates that the inhibitory
action of BCH upon insulin release from RINmSF cells is not
attributable to a sparing action of the leucine analogue on the
catabolism of endogenous amino acids, as could occur if the
activation of glutamate dehydrogenase had favored the conver
sion of Â«-ketoglutarate to glutamate (16). Our results also reveal
that D-glucose protects tumor islet cells against the inhibitory

4 Unpublished observation.
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D-GLUCOSE INFLUENCE ON TUMOR CELL RESPONSE TO BCH

Table 4 Effect of BCH upon ATP and ADP cell content measured at the 30th min of incubation

Nutrient(s),mMNil

BCH, 10.0
D-Glucose, 2.8
D-Glucose, 2.8, + BCH, 10.0ATP

(pmol/103cells)1.31

Â±0.06Â°(16)*

0.83 Â±0.04 (16)
1.65 Â±0.03 (16)
1.20 Â±0.04 (16)ADP

(pmol/103cells)0.77

Â±0.04 (16)
0.61 Â±0.03 (16)
0.71 Â±0.04(16)
0.74 Â±0.03 (16)ATP/ADP

ratio1.788

Â±0.086 (16)
1.415 + 0.077(16)
2.522 Â±0.165 (16)
1.743 Â±0.076 (16)

' Mean Â±SE.
* Numbers in parentheses, number of individual observations.

Table 5 Effect of BCH upon O2 uptake
In each pair of observations, the left figure represents the initial respiratory rate, and the right figure the respiration after addition of D-glucose or BCH.

InitialperiodNil

220 Â±20*-' (8)'

Nil 198 Â±20 (4)

r>-Glucose (2.8 raw) 273 Â±16 (9)Late

periodD-Glucose

(2.8mM)m

n (Ki.omMID-Glucose

(2.8 mM) +
BCH (10.0 HIM)324

Â±23 (8)

117Â± 10(4)

300 Â±17(9)Paired

change
(%)+51

Â±12' (8)

-40 Â±5"(4)

+10 Â±2' (9)

â€¢Mean Â±SE.
* O2 uptake is expressed as pmol/103 cells/60 min.
1Numbers in parentheses, number of individual observations.
'/Â»< 0.001.
' P<0.0\.

action of BCH on <).â€¢â€¢uptake and insulin secretion. In our
opinion, these findings should encourage further work on the
possible use of BCH as a tool to interfere with the metabolism,
secretory activity, and possibly growth of tumor islet cells in
patients with insulinomas.
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