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1. Pancreatic islet insulin secretion and “*Ca uptake showed similar responses to variation
in the extracellular concentration of 4-methyl-2-oxopentanoate with a threshold at 4mm
and a maximal response at a 25mM concentration. 2. Islet respiration, acetoacetate
production and rates of substrate utilization, oxidation and amination all changed as a
simple hyperbolic function of 4-methyl-2-oxopentanoate concentration and exhibited a
maximal response at 25mMm. 3. The responses of ATP content, [ATP]/[ADP] ratio,
adenylate energy charge and [NADH]/[NAD*] ratio were also hyperbolic in nature but
were maximally elevated at lower concentrations of the secretagogue. The islet NADPH]/
[NADP+] ratio, however, was tightly correlated with parameters of metabolic flux, **Ca
uptake and insulin release. 4. NH,* and menadione, agents that promote a more oxidized
state in islet NADP, did not affect islet ATP content or the rates of [U-*C]4-methyl-2-
oxopentanoate oxidation or amination, but markedly inhibited islet 45Ca uptake and
insulin release. 5. It is proposed that changes in the redox state of NADP and Ca transport
may serve as mediators in the stimulus-secretion coupling mechanism of insulin release

303

induced by 4-methyl-2-oxopentanoate.

In the preceding paper (Hutton et al., 1979c) the
intermediary metabolism of 4-methyl-2-oxopentan-
oate in rat pancreatic islets was investigated. The
present report considers the inter-relationship
between changes induced by 4-methyl-2-oxopent-
anoate in islet metabolic fluxes and the intracellular
content of adenine and nicotinamide nucleotides.
The significance of such metabolic phenomena to the
regulation of islet-cell function, asreflected in changes
in cation transport and insulin release, was examined.
The dependence of each of these parameters on
the extracellular concentration of 4-methyl-2-oxo-
pentanoate was investigated, together with the effect
on islet-cell metabolism and function of agents that
perturb the redox state of islet nicotinamide nucleo-
tides.

Experimental

Isolated islets obtained from fed female rats
(Wistar strain; about 200g body wt.) by the technique
of Lacy & Kostianovsky (1967) were incubated in
a bicarbonate-buffered medium (Malaisse er al.,
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1970) containing bovine serum albumin (Smg/ml;
Sigma, St. Louis, MO, U.S.A.) and equilibrated
with O,/CO, (19:1).

Insulin release, *3Ca uptake and metabolic fluxes

The methods used for the measurement of insulin
release (Malaisse et al., 1970), **Ca uptake (Malaisse-
Lagae & Malaisse, 1971) and metabolic fluxes
(Hutton ez al., 1979c¢) in the islets have been previously
reported.

Determination of islet content of adenine and nicotin-
amide nucleotides

Islet contents of NAD*, NADH, total NAD,
NADP*, NADPH and total NADP were determined
by enzymic cycling techniques (Lowry & Passonneau,
1972). ATP, ADP and AMP were determined in
enzyme reactions coupled to the firefly luciferase
reaction (Stanley & Williams, 1969). Groups of
seven or 10 islets, placed in polythene microcentrifuge
tubes (Beckman, Fullerton, CA, U.S.A)), were
preincubated in 50 4l of incubation medium, pH7.5,
for 30min at 37°C in the absence of added substrate,
and then exposed for 15min at 37°C to 50ul of
medium containing 4-methyl-2-oxopentanoate
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(1-50mM). Most of the incubation medium was
then withdrawn (at 37°C), and the tubes were
placed in a Freon 12 bath that was cooled in
liquid N,. Subsequent steps in the preparation and
analysis have been described previously (Malaisse
et al., 1978a). All reagents used in these assays were
obtained from either Boehringer, Mannheim, West
Germany or Sigma. Enzymes and ADP were treated
asdescribed by Lowry & Passonneau (1972) toremove
contaminating nucleotides. Strict attention was given
to the quantity of lactate dehydrogenase (EC
1.1.1.27) used in the NAD analyses, since this enzyme
also catalyses the reduction of 4-methyl-2-oxo-
pentanoate, albeit at a low rate.

Presentation of results

Results are expressed throughout as means + S.E.M.,
the number of independent observations being shown
in parentheses. Probability estimates were made by
using Student’s ¢ test.

Results

Concentration-dependence of parameters of metabolic

Aux

The effect of variation of the extracellular 4-
methyl-2-oxopentanoate concentration on the meta-
bolic fate of this substrate in islet tissue and on islet-
cell respiration is shown in Fig. 1. In each case the
response was in the form of a rectangular hyperbola
with its origin at zero concentration, a half-maximal
response at 3-6mM and a maximal response between
25mM- and 50 mM-4-methyl-2-oxopentanoate. At all
concentrations tested the rate of 4-methyl-2-oxo-
[1-4C]pentanoate decarboxylation was equivalent to
the rate of 3H,O production from 4-methyl-2-oxo-
[4,5-3H]pentanoate and was identical with the rate of
catabolism that could be predicted from the rates
of [U-'*C}4-methyl-2-oxopentanoate oxidation and
acetoacetate production. The rate of amination of
[U-14C}4-methyl-2-oxopentanoate increased in a
manner parallel to the rate of oxidation of the
U-'“C-labelled substrate. Theratio of these parameters
when determined at different substrate concentra-
tions in the same experiment did not vary significantly.
The rate of islet respiration increased in a manner
parallel to the rate of [U-!'*CJ}4-methyl-2-oxopen-
tanoate oxidation, with an apparent '4CO,/O,
stoicheiometry of about 0.8 at all concentrations of
4-methyl-2-oxopentanoate.

Effect of 4-methyl-2-oxopentanoate on islet content of
nicotinamide nucleotides

The islet NADH content was increased on the
addition of 4-methyl-2-oxopentanoate to the in-
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cubation medium, and this was accompanied by a
complementary fall in islet NAD* content (Fig. 2).
These changes, when expressed as the [NADH]/
[NAD*] ratio, appeared to be a continuous function
of the extracellular 4-methyl-2-oxopentanoate con-
centration in the 1-10mMm range. The total islet
content of NAD (oxidized and reduced forms),
determined directly on an ice-cold alkaline homo-
genate of islet tissue, was equivalent to the summa-
tion of NAD* and NADH contents determined
individually. Total NAD was unaffected by 4-methyl-
2-oxopentanoate, except at the highest concentration
of the substrate. The half-maximal response in the
islet [NADH]J/[NAD*] ratio occurred at 2.5mm-4-
methyl-2-oxopentanoate, a value that is lower than
those observed for parameters of metabolic flux
(Fig. 1). Also unlike these parameters, the [NADH]/
[NAD*] ratio attained a maximal value in response
to 4-methyl-2-oxopentanoate at a 10mM concentra-
tion and tended to decline at higher substrate
concentrations. A more reduced state of NADP was
observed in islets exposed to 4-methyl-2-oxopent-

- anoate. The changes in islet NADPH and NADP*

contents were complementary, and the total NADP
content was not affected. The islet [NADPH]/
[NADP*] ratio increased in a hyperbolic manner in
response to increasing 4-methyl-2-oxopentanoate
concentrations. The half-maximal response in this
parameter was observed at 7mm and the maximal
response at 25 mM-4-methyl-2-oxopentanoate, both
values being higher than the corresponding values
observed in the concentration-dependence relation-
ship of the islet [NADH]/[NAD"] ratio. Investiga-
tion of the time course of the changes in islet content
of nicotinamide nucleotides revealed that 30s after the
introduction of 4-methyl-2-oxopentanoate (10mm)
the changes in the [NADH]/[NAD*]and [NADPH]/
[NAD*] ratios were 64.2 and 66.0 % respectively of
the values observed after a 5min exposure to the
substrate.

Effect of 4-methyl-2-oxopentanoate on islet content of
adenine nucleotides

The ATP content of islet tissue was increased after
the addition of 4-methyl-2-oxopentanoate to the
incubation media, the increase being mainly attribu-
table to an increase in the relative contribution of
ATP to the total adenylate pool. The sum content of
islet ATP, ADP and AMP tended to be greater in
islets incubated in the presence of 4-methyl-2-
oxopentanoate than in islets incubated without
exogenous substrate. The relationship of islet ADP
and AMP content to the islet ATP content were
consistent with the equilibration of the three nucleo-
tides in the reaction catalysed by adenylate kinase
(EC 2.7.4.3). The mass-action ratio for this reaction
([ATP1x [AMP]/[ADP)?), determined in islets in-
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Fig. 1. Relationship of various metabolic parameters to the extracellular 4-methyl-2-oxopentanoate concentration in rat
pancreatic islets
All determinations were performed over a 2h incubation period with batches of 15 islets, except for respiratory deter-
minations, which were steady-state measurements obtained in a perfusion system. The rates of 4-methyl-2-oxopenta-
noate catabolism in (a) expressed as pmol of substrate’h per islet were determined from the rates of **CO, production
from 4-methyl-2-oxo[1-!'*C]pentanoate (O, ®), the rate of 3H,0O formation from 4-methyl-2-oxo[4,5-*H]pentanoate
(O, m) or were calculated (4, A) from the sum of half the rate of acetoacetate production (b) plus one-sixth of the rate of
oxidation, as judged from the conversion of [U-'4C}4-methyl-2-oxopentanoate into *CO, (c). The rate of amination
expressed as pmol of substrate aminated/h per islet is shown in (d) for experiments performed with either the U-!4C-
labelled (O, ®) or the 1-'*C-labelled (a) precursor. The sum of the rates of amination and catabolism is shown in (e)
expressed as pmol of substrate/h per islet. Each plotted value is the mean+s.E.M. of results obtained from 8-105
incubations. Two concentration scales are shown for 4-methyl-2-oxopentanoate, open symbols representing the
0-5mwm range and filled symbols the 0-50mm range.

Vol. 184



306

{ ?TLI\;*
(3

Total NAD (pmol/islet)

(c)

[NADHI/[NAD"] ratio

2

\ L " L

o 10 20 30

o1l

40 50

Total NADP (pmol/islet)

[NADPHI/[NADP*] ratio

J. C. HUTTON, A. SENER AND W. J. MALAISSE

0.50

;-
? 5,\5\‘“}
0.25

— 1

§/l

[

10t

L 2 i L -

0o 10 20 30 40 50

[4-Methyl-2-oxopentanoate] (mm)

Fig. 2. Effect of variation of the extracellular concentration of 4-methyl-2-oxopentanoate on the contents of nicotinamide
nucleotides of rat pancreatic islets
The whole islet contents of nicotinamide nucleotides were determined after a 15min exposure at 37°C to the indicated
extracellular concentrations of 4-methyl-2-oxopentanoate. The total NAD and NADP contents shown (a, b) were
obtained from direct determinations on an homogenate of islets in ice-cold alkaline media. The [NADH]/[NAD*]
and [NADPH]/[NADP+*] ratios (c, d) represent the observed proportion of the reduced and oxidized forms determined
separately after treatment of the initial homogenate to destroy either the oxidized or reduced form of the nucleotide
(Lowry & Passonneau, 1972). Each plotted value is the mean + s.E.M. of results obtained in 17-103 separate incubations.
Two substrate concentration scales are shown, representing the 0-5mm (open symbols) or the 0-50mm (filled symbols)

range.

cubated in the absence of substrate, was 1.57+0.27
(n = 80), a value that is similar to the reported K.,.
of the adenylate kinase reaction in vivo (Alberty,
1969; Atkinson, 1977). The mass—action ratio was
not significantly affected by 4-methyl-2-oxopentan-
oate at any of the concentrations tested. The ratio of
islet [ATP]/[ADP] and the adenylate energy charge
([ATP + ADP)/[ATP+ADP+ AMP]) (Atkinson,
1966) both increased in response to 4-methyl-2-oxo-
pentanoate in a manner that paralleled the effect
of this substrate on islet ATP content (Fig. 3). The
changes induced by 4-methyl-2-oxopentanoate in the
islet adenylate nucleotides showed a concentration-
dependence that differed strikingly from those of
islet nicotinamide nucleotide contents (Fig. 2) or of
parameters of metabolic flux (Fig. 1). At a concentra-
tion of 1 mmMm, for example, 4-methyl-2-oxopentanoate
induced a maximal change in islet ATP content and
virtually no change in the ratios of islet [NADH]/
[NAD*] and [NADPH)/[NADP*]. At such a
concentration oxidation of [U-'*CJ4-methyl-2-
oxopentanoate was less than 209 of its maximal
value.

Relationship of islet *°Ca uptake to extracellular
4-methyl-2-oxopentanoate concentration

In contrast with the various metabolic parameters
hitherto considered, islet net 4°Ca uptake was
unaffected by 4-methyl-2-oxopentanoate at con-
centrations of less than 4mm (Fig. 4). At higher
concentrations, however, the oxo acid provoked an
increase in islet net 45Ca uptake that was maximally
expressed at a concentration of the substrate of
25mMm. Results that were qualitatively similar to
those shown in Fig. 4 were also obtained by using a
method for the determination of net 4°Ca uptake
(Malaisse et al., 1978b) that does not rely on extensive
washing of islet tissue after the initial incubation
(J. C. Hutton & W. J. Malaisse, unpublished work).

Relationship between insulin secretion and the 4-
methyl-2-oxopentanoate concentration of the medium

Insulin release was not significantly affected by
4-methyl-2-oxopentanoate in concentrations up to
4mm (Fig. 5). Higher concentrations of the substrate,
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Fig. 3. Effect of variation in the extracellular 4-methyl-2-oxopentanoate concentration on islet contents of ATP, ADP and AMP
The islet contents of ATP, ADP and AMP were determined after a 15min exposure at 37°C to the indicated concentra-
tions of 4-methyl-2-oxopentanoate. The relative contents of ATP (0), ADP (00) and AMP (a) are shown, together with
the adenylate energy charge ((ATP+4ADP]/[ATP+ADP+AMP]; Atkinson, 1966), the [ATP]/[ADP] ratio and the
content of ATP+ADP+AMP. Each plotted value is the mean+s.E.M. from analyses performed in 8-31 separate

incubations.

however, provoked a marked increase in insulin
secretion, a maximal response being observed in the
presence of 25-50mm-4-methyl-2-oxopentanoate.
The increase in insulin release induced by 4-methyl-
2-oxopentanoate was related linearly to the logarithm
of the secretagogue concentration. The threshold

Vol. 184

of the insulinotropic response which could be
extrapolated from such representations occurred
at 3.8mM. Similar treatment of the results obtained
for rat islet net *5Ca uptake (Fig. 4) indicated that
the threshold responses of this parameter occurred
at 4.0mM-4-methyl-2-oxopentanoate.
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Fig. 4. Relationship of islet net *>Ca uptake to the extra-
cellular 4-methyl-2-oxopentanoate concentration
Islets were incubated for 90min at 37°C in the
presence of “3Ca (1 mm, 504Ci/ml) and the indicated
concentrations of 4-methyl-2-oxopentanoate. Extra-
cellular and superficial pools of 4°Ca were removed
by rinsing the islets at 4°C in media devoid of radio-
isotope, and the radioactivity was then determined in
groups of eight islets. Each plotted value is the mean +
s.E.M. for 12-300separateanalyses. Twoconcentration
scales are shown representing the 0-5mm (open
symbols) and a 0-50mm (filled symbols) range. The
arrow indicates the threshold concentration, which
was determined from semilogarithmic plots of the

data shown.

Substrate concentration (

Effects of various modifiers of the nicotinamide nucleo-
tide redox state on islet cell metabolism and function
in the presence of 4-methyl-2-oxopentanoate

As shown in Table 1, the total NAD contents or
total NADP contents of islets incubated in the
presence of 4-methyl-2-oxopentanoate (10mm) were
not affected by the addition of NH,Cl (5mm) or
menadione (20 uM) to the incubation medium or by
modification of the pO, of the medium (18-95%; O,
v/v). The presence of NH,* in the incubation,
however, caused a fall in both islet [NADH]/[NAD*]
and [NADPH]/[NADP*] ratios, the values observed
in the presence of 4-methyl-2-oxopentanoate (10mm)
being lower than those in islets incubated in the
absence of exogenous substrate. The addition of
menadione to the incubation had a more pronounced
inhibitory effect than NH,* on the [NADPH]/
[NADP*] ratio, but it only slightly affected the
[NADH]/[NAD*] ratio observed in islets incubated
in the presence of 4-methyl-2-oxopentanoate (10 mm).
A decrease in the O, concentration in the medium to
about one-fifth of that normally used, in contrast
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Fig. 5. Effect of variation of the extracellular 4-methyl-2-
oxopentanoate concentration on the release of insulin by
rat pancreatic islets
Groups of eight islets were incubated for 90min at
37°C in 1 ml of Krebs-Henseleit buffer, pH7.5. The
content of insulin found in the medium at the end of
the incubation period is shown in relationship to the
extracellular 4-methyl-2-oxopentanoate concentra-
tion. Each plotted value is the mean + s.E.M. for results
obtained in 12-300 separate incubations. Two con-
centration scales are shown representing the 0-5 mm
(open symbols) and the 0-50mm (filled symbols)
range. The arrow (| ) indicates the threshold con-
centration, which was determined from semilogarith-
mic plots of the data shown.

with the effects of NH,* and menadione, caused a
marked increase in the [NADH]/[NAD*] ratio and
a marginal increase in the [NADPH]/[NADP*]
ratio in islets incubated with 4-methyl-2-oxopenta-
noate (10mMm). The ATP content of islets incubated
in the presence of 4-methyl-2-oxopentanoate (10 mMm)
was not affected by the addition of NH,* or mena-
dione to the incubation medium and was only slightly
decreased when islets were incubated in the presence
of a lower pO,. The rate of [U-!*Cl4-methyl-2-
oxopentanoate amination and conversion into *CO,
was not significantly affected under any of these
conditions. Changes in the net uptake of **Ca and
insulin release induced by 4-methyl-2-oxopentanoate
were inhibited by the addition of either NH,* or
menadione to the incubation medium, both com-
pounds causing a similar degree of inhibition in both
parameters. Incubation of islets in the presence of a
decreased pO,, on the other hand, failed to affect
net *°Ca uptake or insulin release induced by 4-
methyl-2-oxopentanoate. Net *3Ca uptake and insulin
release by islets incubated in the absence of substrate
was not affected by any of these treatments.
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as a 10%-fold concentrated solution

Table 1. Effects of NH,*, menadione and a decrease in the pO, of the medium on islet metabolism and function
however, did not affect any of the parameters presently under consideration. NH,* was used at a 2.5mm concentration,

All determinations were performed as described in the text. Menadione (20 uM) was added to the incubation medium

in dimethyl sulphoxide. This solvent,
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mined, in which case a 5mM concentration was used. Modification of the pO, of the medium

except in experiments in which nicotinamide nucleotides were deter!
was achieved by the incubation of tissue in the presence of air/CO,

he 4-methyl-2-oxopentanoate con-

tions on batches of 8-15 islets, the number

(19:1) rather than the O,/CO, (19:1) normally used. T|

centration in all experiments was 10mm. Each value is the mean + ..M. of results obtained from separate det‘ermina
of batches used being shown in parentheses. The statistical significance of differences refers to the incubation con

(10mm) was present alone (column 2): *P<0.001; **P<0.01; ***P<0.02.

dition in which 4-methyl-2-oxopentanoate
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Discussion

The concentration-dependence of the biochemical,
biophysical and secretory responses of islet tissue to
4-methyl-2-oxopentanoate were not identical. All
biochemical parameters changed as a hyperbolic
function of the extracellular concentration of 4-
methyl-2-oxopentanoate. The responses observed in
insulin release and net “5Ca uptake, however,
exhibited a threshold effect, which occurred at
4 mMm-4-methyl-2-oxopentanoate. A similar relation-
ship was also observed between islet bioelectrical
activity and 4-methyl-2-oxopentanoate concentra-
tion (Hutton et al., 1979a). The various parameters
could be ranked with respect to the concentration
of 4-methyl-2-oxopentanoate that was required to
evoke a half-maximal response, i.e. insulin release>
net “4Ca uptake=[NADPH]/[NADP*] >respira-
tion>[NADH]/[NAD*]>[ATP). The existence of
such a series could reflect a sequence of causal
events. It is noteworthy that the investigation of the
effect of various inhibitors on islet-cell metabolism
and function in the presence of 4-methyl-2-oxo-
pentanoate have suggested that the insulin-secretory
response is dependent on changes in #*Ca transport,
which in turn are dependent on oxidative metabolism
in islet tissue. Changes in 4-methyl-2-oxopentanoate
oxidation, the [NADPH]/[NADP*] ratio, the
[NADH])/[NAD*] ratio and net *“’Ca uptake,
however, do not occur as the consequence of changes
in the insulin-secretory rate (Hutton et al., 19795).
The role of 45Ca as a mediator between metabolic
and secretory events in islet tissue was further illu-
strated in the present investigation by the similarity
in the concentration-dependence of 45Ca uptake and
insulin release and from experiments performed in
the presence of NH,* and menadione.

Relationship of metabolic flux to insulin release

The response of insulin release and net *°Ca
uptake to variation in 4-methyl-2-oxopentanoate
concentration were correlated with several para-
meters of islet-cell metabolism, in particular the
rates of utilization, decarboxylation, amination and
oxidation of 4-methyl-2-oxopentanoate and the
rate of islet respiration. For each of these metabolic
parameters, the concentration of the oxo acid required
to either provoke an increase above the basal value
or to evoke a half-maximal response was lower than
the corresponding concentration for insulin release.
In each case, the argument that the pathway in
question provides the signal that initiates the release
process can be maintained. As far as the amination
of 4-methyl-2-oxopentanoate is concerned, the
finding that the intracellular leucine content did not
vary over the range of 4-methyl-2-oxopentanoate
concentration that evoked different rates of insulin
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secretion (Hutton ez al., 1979¢) seems to rule out this
metabolite as the possible signal.

Possible role of nicotinamide nucleotides in the
secretory response

The participation of nicotinamide nucleotides in
the stimulus-secretion coupling mechanism of
glucose-induced insulin release has been inferred
from studies of the concentration of nucleotides in
islet tissue (Panten et al., 1973; Deery & Taylor,
1973; Trus et al., 1978; Malaisse et al., 1978a) and
from the effects on insulin secretion of agents that
alter either the total NAD(P)H pool (Deery & Taylor,
1973; Gunnarsson et al., 1974) or its redox state
(Malaisse et al., 1978a; Sener et al., 1978; Ammon
et al., 1977). The involvement of NAD or NADP in
the stimulus—secretion coupling of 2-oxo acid-induced
release is suggested by the finding that 4-methyl-2-
oxopentanoate, like glucose, increases the fluores-
cence of nicotinamide nucleotides in intact perifused
islets (Panten et al., 1974; Panten, 1975). On the
basis of finding a dissociation between the time
course of changes in islet fluorescence and insulin
release in this system, however, Panten and co-
workers have concluded that NAD(P)H does not
mediate the insulinotropic action of 2-oxo acids.
The present results, which were obtained by enzymic
determination of the nicotinamide nucleotide contents
of homogenized tissue, contrasted with the findings
by Panten et al. (1974) in that the observed increase
in the reduced forms of NAD and NADP induced
by 4-methyl-2-oxopentanoate occurred as a sustained
phenomenon. Similarly the findings by Panten et
al. (1974) that the magnitude of the long-term
fluorescence response differed markedly between
glucose and 4-methyl-2-oxopentanoate was not
substantiated in experiments that compared the
effects of these two secretagogues on NAD(P)H in
the same batches of islets (J. C. Hutton & W. J.
Malaisse, unpublished work). Differences between
glucose (Malaisse et al., 1979) and 4-methyl-2-
oxopentanoate were observed in the present experi-
ments only in so far as the responses of the NADPH]/
[NADP*] and [NADH]/[NAD*] ratios to variation
in the 4-methyl-2-oxopentanoate concentration did
not exhibit threshold phenomena and that changes
in these ratios in the presence of 4-methyl-2-oxo-
pentanoate were not correlated with one another.
The finding that the [NADH]/[NAD*] ratio did not
change progressively throughout the range of
4-methyl-2-oxopentanoate  concentrations  that
evoked changes in insulin secretion (Figs. 2 and 5)
suggested that the NAD redox system is not a
mediating factor in the insulin-secretory mechanism
of this oxo acid. Experiments performed in the
presence of agents that modified the redox state of
NAD and NADP in islets (Table 1) also seen.ed to
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discount NAD as being of importance in the stimulus—
secretion coupling mechanism. The hydrogen accep-
tor, menadione, markedly inhibited insulin release
induced by 4-methyl-2-oxopentanoate in the absence
of a significant effect on the islet [NADH]/[NAD*]
ratio. Conversely, a decrease in the pO, of the
medium, which resulted in a marked increase in the
[NADH]/[NAD*] ratio, did not affect insulin
secretion. An important role for NADP in the
stimulus-secretion coupling mechanism of 4-methyl-
2-oxopentanoate-induced insulin release was sugges-
ted in concentration-dependence experiments. More-
over, experimental conditions that resulted in a more
oxidized state of islet NADP markedly inhibited
net “>Ca uptake and insulin release, in the absence of
significant effects on islet ATP content or the oxida-
tion and amination of [U-*C]4-methyl-2-oxopenta-
noate by islet tissue. It was also evident that the
change in [NADPH]/[NADP*] induced by 4-
methyl-2-oxopentanoate occurred with sufficient
rapidity for it to serve as a mediator in the stimulus—
secretion coupling mechanism. The mechanism by
which the [NADPH]/[NADP*] ratio was increased
by 4-methyl-2-oxopentanoate is unclear. It may be
argued that changes in the [NADPH]/[NADP*]
ratio are produced by changes in the rate of 4-methyl-
2-oxopentanoate degradation. Against this it must
be considered that non-metabolizable insulin secret-
agogues, such as 2-aminonorbornane-2-carboxylic
acid, are reported to increase islet nicotinamide
nucleotide fluorescence (Joost et al., 1975) and that
under anoxic conditions in which 4-methyl-2-
oxopentanoate catabolism and insulin release are
blocked, the islet [NADPH]/[NADP*] ratio is still
elevated (Hutton et al., 19795). Conversely the
relationship between the [NADPH]/[NADP*] ratio
and oxidation flux could be explained if a more
reduced state of these nucleotides regulates 4-methyl-
2-oxopentanoate catabolism at the site of the initial
dehydrogenase reaction, an interesting hypothesis in
view of the reported regulatory effects of NAD*
and NADH on other 2-oxo acid dehydrogenases
and their associated phosphorylating and dephos-
phorylating enzymes (Smith er al., 1974; Cooper
et al., 1975; Pettit et al., 1975). The results obtained
with NH4* or menadione fail to support such an
hypothesis. The finding that islet ATP content, the
[ATP]/[ADP] ratio and adenylate charge did not
change significantly at extracellular concentrations
of 4-methyl-2-oxopentanoate above 2mM makes it
seem more likely that the adenine nucleotide pool
plays an important role in the regulation of islet-cell
respiration and in the catabolism of this secretagogue.
In conclusion, the experimental data are compatible
with the view that the metabolism of 4-methyl-2-
oxopentanoate in islet cells and the associated
changes in concentration and/or turnover of reducing
equivalents and high-energy phosphate intermediates
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participate in the chain of events leading to
stimulation of insulin release by this nutrient.
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