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When rat islets are preincubated with fluorescein diacetate and examined in a spectrofluorometer, the

intracellular pH rapidly increases by 0.21 pH units in response to a rise from 1.7 ~ 16.8 mM glucose. This

coincides with a marked increase in '*CO3;H ™ net uptake by the islets, suggesting that the glucose-induced
increase in H* generation rate is compensated for by stimulation of CQ3; H™/Cl™ exchange.

Pancreatic islet

1. INTRODUCTION

‘The release of insulin evoked by glucose and
other nutrient secretagogues tightly depends on the
capacity of these agents to augment catabolic and
oxidative fluxes in pancreatic islet cells [1}. The
coupling of nutrient metabolism to more distal
events in the secretory sequence, such as the
remodelling of ionic fluxes across the plasma mem-
brane, is thought to represent a multifactorial pro-
cess [2] including changes in the generation rate of
reducing equivalents (NAD(P)H), high-energy
phosphate intermediates (ATP) and protons (H™).
The participation of protons in the coupling pro-
cess is supported by the finding that glucose in-
creases the net output of H* from the islets [2],
and the knowledge that ionic fluxes, as well as the
bioelectrical and secretory activity of the islet cells,
are affected by changes in extracellular or in-
tracellular pH {3—9]. The increased generation of
H*, resulting from the metabolism of glucose, may
participate to the nutrient-induced decrease in both
K* and Ca** outflow from the islet cells [10]. For
instance, H* may compete with Ca®* for an
jonophoretic process of Na*/Ca’* or Na*/H*
countertransport {11]. It is indeed currently believ-
ed that the extrusion of Ca’* from the islet cells is
mediated, for its major part, by Na*/Ca®*
countertransport and that the glucose-induced in-
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hibition of Ca®* outflow is attributable to inhibi-
tion of such a countertransport process [12].

No direct evidence is so far available, however,
to support the view that glucose lowers the
cytoscolic pH as apparently implied by these con-
cepts. On the contrary, when the intracellular pH
was measured in islets exposed to 4,4-dimethyl-
oxazolidine-2,4-dione, a trend towards an ap-
parent increase in cellular pH was usually observed
at high glucose concentrations {2,9]. This suggests
that the nutrient-induced increase in H* generation
is efficiently compensated, e.g., by stimulation of
either Na*/H* countertransport or a process of
exchange between influent COsH™ and effluent
CI™ coupled to the intracellular conversion of
CO3H™ and H* to CO; and H;O [13]. The
postulated participation of such a process of
CO3H™/CI™ exchange to the extrusion of protons
is compatible with the finding that glucose
augments the outflow of Cl~ from the islets [14].
The present work provides direct evidence that
glucose stimulates COsH ™ inflow and increases in-
tracellular pH in pancreatic islets.

2. MATERIALS AND METHODS

All experiments were performed with pancreatic
islets removed from albino rats [15].
For measuring *CO3H" uptake, groups of 10
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islets each were preincubated for 30 min at 37°C in
50 ul of a salt-balanced medium (Na* 139, K* 5,
Ca** 0 or 1, Mg?* O or 1, Cl~ 120~124 mM and
HCO;™ 24 mM) buffered with Hepes—NaOH (10
mM; pH 7.3), containing bovine albumin (5
mg/ml), glucose (1.7 mM) and sucrose (1 mM),
equilibrated against a mixture of CO; (5%) and O,
(95%), and layered in a microcentrifuge tube on
175 4l of oil (Versilube, F50, General Electric). An
aliquot (50 «l) of the same medium enriched with
14CO;HNa (25 xCi/ml), [6,6'(n)-*H]sucrose (17
#Ci/ml), and, when required, glucose was then
added to the preincubation medium. After incuba-
tion for zero to 15 min at 37°C, the islets were
pelleted at the bottom of the microcentrifuge tube
(45 s, 13000 x g). There was a delay of 60—90 s
between the time at which the radioactive medium
was added to each tube (time zero of incubation)
and the time at which the islets were centrifuged in-
to the layer of oil. The tip of each tube was remov-
ed with a scalpel and examined for its radioactive
content by liquid scintillation. The apparent space
of distribution of *CO3sH™ in excess of the [*H]-
sucrose space was expressed as nl/islet taking into
account the radioactivity of the incubation
medium at time zero. In these experiments, the
14COsH~ content of the incubation medium
decreased with time. Over 0—15 min incubation,
the [*H]sucrose space of distribution averaged 0.76
+ 0.03 nl/islet (n = 175).

For measuring intracellular pH, groups of 10
large islets each were preincubated for 30 min at
37°C in 1.0 ml Hanks solution containing bovine
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albumin (2 mg/ml), glucose (1.7 mM) and fluores-
cein diacetate (50 xM) and equilibrated against
CO; and O3 (5/95, v/v), the islets were then wash-
ed twice with 1.0 ml of our usual bicarbonate-
buffered medium [16], which contained bovine
albumin (5 mg/ml), glucose (1.7 mM), penicillin
(0.15 mg/ml) and streptomycin (0.13 mg/ml). One
or two large islets were then placed on a platinum
ring in a quartz cuvette containing 2 mi of the same
bicarbonate-buffered medium. The quartz cuvette
was placed in an Aminco SPF500 spectro-
fluorometer (American Instrument Co., Urbane
IL). After 10 min incubation at the low glucose
concentration, an aliquot (0.2 ml) of the same
medium was added to the cuvette to either increase
[glucose] from 1.7-16.7 mM or maintain low
[glucose]. At 2 min intervals, the fluorescence in-
tensity was recorded at 520 nm after excitation at
490 and 435 nm, respectively [17]. The changes in
pH were judged by reference to a calibration curve
established in a citrate—phosphate buffer [17]. If
the absolute pH were to be judged by reference to
the same calibration curve, the initial apparent pH
of the islet cells (time zero of incubation) would be
close to 6.3.

All results are presented as the mean (+ SEM)
together with the number of individual determina-
tions (n).

3. RESULTS

The apparent distribution space of *COsH™~ was
higher in the presence of both Ca®* and Mg?* than

Table 1

CO3H "~ distribution space in pancreatic islets

Ca** Mg?t Incubation “4CO,H " distribution space (ml/islet)
M mM min

(M) (mM) (min) Glucose 1.7 mM Glucose 16.7 mM
1.0 1.0 10 12.10 + 2.22 (10) 34.09 = 4.17 (10)
- 1.0 10 4.28 + 1.30 (10) 8.93 + 1.57 (10)
1.0 - 10 5.16 + 1.33 (10) 14.40 + 3.08 (10)
- - 10 1.14 + 0.24 (10) 4.32 + 2.12 (10)
- — 0 0.69 + 0.22 (30) 1.73 + 0.26 (47)
- - 3 1.74 + 0.50 (29) 3.24 + 0.58 (43)
- - 6 1.68 + 0.52 (30) 2.48 + 0.76 (39)
— - 10 2.07 + 0.40 (88) 4.77 + 0.72 (107)
- - 15 2.52 + 0.66 (29) 5.59 + 1.42 (46)
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in the sole presence of only one of these divalent
cations and, even more so, than in the absence of
both Ca?* and Mg?* (table 1). Under the latter ex-
perimental conditions, the apparent distribution
space of *CO;H ™ increased with the length of in-
cubation, whether at low or high glucose concen-
tration. Glucose (16.7 mM) increased the net up-
take of “CO3H™. Such an effect of glucose was
observed both in the presence and absence of Ca®*
and/or Mg?*. It was already detected after the
shortest time of exposure to high concentration of
glucose (time ‘zero’ of incubation; i.e., after
< 60-90 s exposure to the high [sugar]). As judged
from the data summarized in table 1, a rise in
[glucose] from 1.7-16.7 mM increased “COsH~
net uptake by 124 + 23% (degree of freedom, 549;
P< 0.001) above the mean paired basal value. Fig.
1 illustrates the dose—action relationship for the ef-
fect of glucose upon *CO3H™ net uptake.

The ratio in fluorescence intensity of islets prein-
cubated with fluorescein diacetate and incubated
at low [glucose] (1.7 mM), as taken at 520 nm after
excitation at 435 nm and 490 nm (Jy90/435), increas-
ed progressively during incubation, tending
towards an asymptotic value (fig. 2). A rise in
[glucose] from 1.7-16.7 mM caused a rapid and
sustained increase in the fluorescence ratio, sug-
gesting an increase in intracellular pH. After 7-9
min exposure to the high concentration of glucose,
the glucose-induced increment in fluorescence

o

o

o~

[}

~

-

1C03H' distribution space (nlfistet}

=

—_—

01 56 83 11 167

mM Glucose

Fig. 1. Effect of increasing concentrations of glucose
upon the apparent distribution space of “CO;H™ in
pancreatic islets incubated for 10 min in the presence of
1CO;H" but absence of Ca** and Mg?*. Mean values
(= SEM) refer to 44—45 individual determinations.
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Fig. 2. Time course for the changes in the ratio of
fluoroscence intensity in islets prelabelled with
fluorescein diacetate, as taken at 520 nm after excitation
at 435 and 490 nm, respectively: (m—m) islets exposed
throughout to a medium containing 1.7 mM glucose;
(&—A) [glucose] was raised from 1.7-16.7 mM at 11
min incubation. Mean values (= SEM) refer to 9-11
individual expt. In the right scale, the change in cellular
pH (ApH) was estimated by reference to a standard
curve established in a citrate—phosphate buffer.

ratio corresponded to an apparent mean increase
in pH of 0.21.

4. DISCUSSION

The apparent distribution space of *CO;H™ in
islets incubated at normal extracellular [Mg?*] and
[Ca®*] largely exceeded the intracellular water
space (<3 nl, see [18]). The apparent distribution
space of CO3H~ was decreased when Mg>*
and/or Ca?* were removed from the incubation
medium, suggesting that the deposition of the car-
bonate salts of these divalent cations accounted in
part for the high distribution space of “CO;H".
Glucose caused a rapid, dose-related and sustained
increase in "COsH™ net uptake. The time course
for the response to glucose suggests that such an
increase corresponds, in part at least, to stimula-
tion of CO3H™ entry into the islet cells.
Therefore, our results support the concept that
glucose stimulates a process of COsH /Cl™ ex-
change. Such a stimulation may participate,
possibly in association with other modalities of H*
extrusion and/or buffering, to a glucose-induced
increase in intracellular pH.

The experiments performed with islets prein-
cubated in the presence of fluorescein diacetate in-
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deed suggest that glucose increases the pH of the
islet cells. Our measurements do not inform,
however, on a possible heterogeneity in the pH of
distinct subcellular compartments and in their
response to glucose stimulation. The progressive
increase in fluorescence ratio seen in the control
performed throughout at low [glucose] (fig. 2)
could be due, inter alia, to a leakage of fluorescein
from the islet cells into the alkaline incubation
medium. If glucose were to affect the latter pro-
cess, the apparent increase in intracellular pH seen
in response to a rise in glucose concentration could
conceivably be attributed to an accelerated release
of fluorescein from the islet cells. To the extent
that our measurements reflect a true increase in in-
tracellular pH, they suggest that the increase in H*
production rate associated with stimulation of
glucose metabolism is not solely compensated for
but actually overcome by other mechanisms con-
trolling the content and extrusion of protons from
the islet cells.

An increase in intracellular pH is not an uncom-
mon feature of cell activation [19,20]. Although
the present findings may impose a reevaluation of
the precise role of H* as a coupling factor between
metabolic and ionic events in glucose-stimulated
islets, they remain compatible with the view that a
remodelling of H* fluxes is involved in the
stimulus—secretion coupling for glucose-induced
insulin release.
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