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Effect of different insulin secretagogues and blocking agents on islet cell
Ca’*-ATPase activity
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Plasma membrane Ca?*.ATPase activity was measured in rat islet homogenates. The enzyme was inhibited,
in a dose-dependent manner, when the islets were preincubated for 5 min with different concentrations of
glucose (2 to 16 mM), This inhibition disappeared almost entirely after 15 min incubation, regardless of the
glucose concentration in the medium. Simultaneous measurement of insulin in the medium revealed a
stimutatory effect of glucose upon insulin secretion. The Ca®*-ATPase activity was also inhibited when the
islets were preincubated for 3 min with other stimulators of insulin secretion such as gliclazide (76 pM),
tolbutamide (1.5 mM), glucagon (1.4 pM) + theophylline (10 mM) and ketoisocaproic acid (15 mM).
Conversely, the activity of the enzyme was significantly enhanced when the islets were preincubated briefly
with the insulin secretion blocker, somatostatin (1.4 p M), Neither glucose nor any of the other substances
tested when added direcily to the enzyme asssy mediwm maodified significantly the Ca®*.ATPase activity
measured in the islet homogenates. Thes results would suggest that the activity of the islet plasma
membrane is modulated by one or more of the intracelllar metabolites produced when the islets are
challenged by the insulin stimulator or blocking agents.

Introduction ever, conflicting results have been reported regard-
ing the effect of several insulin-secretagogue agents
upon the activity of this enzyme. While several

authors have described an inbibitory effect of

The relationship between calciom transmem-
brane fluxes and its distribution within B cells

with the release of insulin has been well-docu-
mented [1-7). The presence of Ca2*-ATPase, the
enzyme responsible for the active extrusion of
calcium from the cytoplasm, has also been demon-
strated in several islet cell organelles [8—-10]. How-

Abbreviation: KIC, ketoi proic acid.
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glucose and other stimulators of insulin release
upon the Ca?'-ATPase activity of different islet
cell fractions [8,9,11], others were unable 1o dem-
onstrate any direct effect of these agents upon tke
enzyme activity measured in the isiet ceil piasma
membrane [12]. Some of the controversies could
be resolved om the basis of differences in the
preparations used {(homogenates or cell fractions),
their degree of purity, the experimental models of
choice, and the reliability of the methods em-
ployed.

In an aitempt to elucidate this problem, we
have studied the Ca?*-ATPase activity of islet cell
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membranes in crude homogenates obtained from
islets previcusly incubated with different stimula-
tors or inhibitors of insulin release.

Materials and Methods

Materials

Collagenase was obtained from Serva, Heidel-
berg; Trasylol® (100000 KIU) was kindly pro-
vided by Bayer Argentina. [y-"PJATP was pre-
pared according to the procedure of Glynn and
Chappell [13] except that unlabelled orthophos-
phate was not added to the incubation mixture.
2pjabelled orthophosphate was provided by
Comisién Nacional de Energia Atdmica (Argen-
tina). Tolbutamide and gliclazide were kindly pro-
vided by Hoechst and Les Laboratories Servier,
respectively. ATP, enzymes and cofactors used for
the synthesis of [v-*2PJATP and other reagents
were obtained from Sigma, U.S.A. Somatostatin
(UCR Peptide Department, Brussels, Belgium),
was kindly provided by Dr. J.C. Basabe and
glucagon by Dr. Lise Heding from Novo, Den-
mark.

Methods

Animals and preparation of islers. Pancreases
from fed male rats (approx. 200 g body weight)
were used to obtain isolated islets after initial
collagenase digestion {14).

Islet incubation. Groups of 100 islets were placed
in glass tubes with 1.1 ml of Krebs-Ringer bi-
carbonate buffer at pH 7.4, containing 1% bovine
serumn alburmin, 400 U /ml Trasylol and glucose (2
to 16.6 mM), ketoisocaproic acid (KIC, 15 mM),
tolbutamide {1.5 mM) or gliclazide (76 pM),
glucagon (1.4 pM) and theophylline (10 mM),
insulin (15 nM) or somatostatin 1.4 pM), and
incubated for different time periods as stated in
the text and tables. The buifer was previously
gassed with a mixture of 95% 0,/3% CO,. The
incubations were stopped either by immersing the
tubes in an ice/water bath or by adding to the
tubes 89 ml of cold 225 pM EGTA-Tris at pH
7.2.

Enzyme preparation. After the incubation
period, the tubes containing the medium plus the
islets were centrifuged for 1 min at 1700 X g (4°C),
The supernatant was discarded and the precipi-

tated islets were resuspended in 300 mM
sucrose,/10 mM Tris-HCI (pH 7.24) at 4°C. The
islet suspension was then transferred to a micro-
homogenizer (tissue grinder, Potter-Elvehjem,
Teflon, size 18, rod 0.d. 1,/ inch, 0.5 ml capacity,
from Kontes Scientific Glassware Instruments),
washed twice at 4°C and homogenized in 0.5 ml
of the same buffer by 200 excursions of the
plunger.

Ca’*-ATPase assqy. ATPase activity was mea-
sured in 0.5 ml of 50 mM Tris-HCl (pH 7.24 at
37°C), 0.1 mM ocuabain, 1 mM [y-2PIATP, 1
mM EGTA and sufficient CaCl, to obtain 1.1-1.8
uM of free calcium and other additions as shown
in Results. Of the tissue homogenate, 0.05 ml
containing 5-6 pg of protein (equivalent to 10
islets) was added to each tube.

Ca®*-ATPase activity represents the difference
between the activity measured in the above
medium and that measured in the same medium
without calcium. After 45 min of incubation at
37°C, the tubes were transferred to an ice/water
bath; and after 1 min, first 0.75 ml of 0.5% (w/v)
ammonium molybdate in 5% (v/v) perchloric acid,
and then 0.6 mi of isobutancl was added to each
tube. After 15 s, the mixture was vigorously stirred
for 20 s and then spun down for 3 min at 1700 % g
(4°C). The radioactivity was measured in an
aliquot of the organic phase by liquid scintillation
and from this value was calculated the amount of
inorganic phosphate liberated from ATP. All
determinations were performed in triplicate.

Under these experimental conditions, no more
than 4% of the ATP in the reaction mixture under-
went enzymatic hydrolysis and the rate of ap-
pearance of P remained constant for up to %0
min of incubation time.

Free calcium was measured with a Ca**-sensi-
tive elecirode [15). Protein was measured accord-
ing 1o the method of Lowry ci ai. [16].

Insulin  secretion. Aliquots of the medium
incubation of the islets were separated and kept at
—20°C until insulin concentration was deter-
mined by radioimmunoassay {17), Statistical anal-
ysis of the data was performed using the Student’s

t-test. Theoretical equations were adjusted to the

experimental results by least-squares non-linear
regression by the procedure of Gauss-Newton.
The program was run on a microcomputer with 14



digit precision (Rossi, R.C. and Garrahan, P.J.,
unpublished data).

Results

Table T shows that KIC, gliclazide, tolbuta-
mide, glucagon, somatostatin, insulin and differ-
ent concentrations of glacose, when added directly
to the Ca” *-ATPase assay medium, did not mod-
ify the plasma membrane Ca®*-ATPase activity
measured in homogenates of fresh non-incubated
islets. These resuits agree with those previously
reported by Kotagal et al. [12}.

The Ca?*-ATPase activity measured in homo-
genates of islets previously incubated with glucose
varied according to the glucose concentration in
the medivm and the length of the incubation
period employed (Fig. 1A). 3.3 mM glucose pro-
duced a constant but insignificant decreasa in the
enzyme activity throughout the entire incubation
period studied. Conversely, in the islets incubated
with 16.6 mM glucose, a significant decrease in
the Ca2*-ATPase activity was abserved by 3 min,
followed by a recovery towards control values

TABLEI

CHANGES IN THE 1SLET CELL. MEMBRANE Ca**.
ATPase ACTIVITY PRODUCED BY DIFFERENT SUB-
STANCES ADDED TO THE ENZYME ASSAY MEDIUM

Each value represents the average of three cases+SE. The
enzyme activity was measured in homogenates of fresh non-in-
cubated islets without (contrel) or with the addition of the
different substances tested {see Matei als and Methods). Mone
of these substances significantly modified the Ca?*-ATPase
activity measured in the contro! sample.

Substance Ca®*-ATPase activily
(rmol P, /mg protein per h}

Control 1.14940.159

Glucose (2 mivi) 1.304+£0.087

Glucose (4 mM) 1.39810.0i6

Glucose {8 mM) 1417+0.075

KIC (15 mM) 1.0401 0,093

Gliclazide (76 pM) 132720076

Tolbutamide (1.5 mM) 1126 £0.163

Glucagon (1.4 uM) 1.237+0.022

Somatostatin {1.4 pM) 1.085 +0.021

Insulin (15 nM) * 10304 0,023

" This concentralion corresponds to that d in the

incubation medium in Fig. 1.
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Fig. 1. Ca?*-ATPase activity d in homog of

islets incubaled in the presence of glucose for different time

periods. Each value represents the average of three indepen-

dent experimenis performed in wriplicate (A). Insulin released

by these islets is shown in B, where each value represents the
average+ S.E. of three experiments.

thereafter. The enzyme activity measured at 60
min, however, was still below the control value,
even though this difference was not significant.
The insulin released by the islets during the
incubation period is shown in Fig. 1B, As is well
known, a l!ow glucose concentration slighily
stimulates the release of insulin, while 16.56 mM
giucose elicits a large secreiory response. Although
the largest ichibition by high glucose of Ca®*-
ATPase actlivity was obtained after 3 min of
incubation (Fig. 1A), the scatter of the data was
larger at this time than after 5 min, probably
because of the sharp decrease in the enzyme activ-
ity induced by glucose.

No significant differences in the Ca**-ATPase
activity were observed in islets incubated for 3
min at 37°C in Krebs-Ringer bicarbonate buffsr
without glucose with respect to nonincubated islets
(0.90 + 0.02 [11] and 1.10 + 0.12 [8), respectively).

Fig. 2 shows the Ca?*-ATPase aclivity niea-
sured after a 5 min preincubation of whole islets
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Fig. 2. Plasma membrane Ca®*-ATPase activity (8) and in-
selin reiease (A) of islets incubated with different glucose
concemtrations. Each velue represents the averagetS.E. of
three different experiments performed in triplicate.

with 2-16.6 mM glucose and insulin release mea-
sured simultanecusly.

The curve that fits the experimental points of
Ca**-ATPase vs. glucose concentration corre-
sponded to the following equation:

V=V, /(1 +[glucose] /Kp 5 )+ Fresigun 1)

where ¥, is the Ca®*-ATPase activity measured in
the absence of glucose, K,; the glucose con-
centration producing half-maximal inhibition of
enzyme activity and ¥y, the Ca?*-ATPase ac-
tivity remaining in the presence of the larpest
concentration of glucose tested. The experimental
values for these parameters were: ;= 2.35 4 0.28
pmot P,/mg pratein per by Koz =316 £0.22 mM
plucose and Vogqa = 6153 & G059 pmol B/h, An
atiempt to adjust the cxperimenial poinis to an
equation similar to Eqn. 1 but without the term

TASLE IIL

TABLE I

Ca®*-ATPase ACTIVITY MEASURED IN ISLETS
INCUBATED FOR 3 MIN WITH DIFFERENT SUB-
STANCES

Each value represents the mean S.E. Number of cases in
parentheses.

Substance Ca?*-ATPase activity
(pmol P, /mg protein per h)

Glucose (3.1 mM) 0.997+0.022 (3)
+insulin {15 nM) 112310122 (6)
+gliciazide (76 pM) 0.2771£0.009 (3) **
+tolbutamide (1.5 mM) 0.562 + 0.040 (&) **
+glucagon (1.4 pM) and

theophylline (10 mM) 0,330+£0.018(3) *
KIC (15 mM) 0.402 +0.036 (6) **
* P <0005
*¥ P <0001

¥, esiaue Produces a bias in the fitting of the experi-
mental points corresponding to all the different
concentrations of glucose tested. In this situation,
a clear dose-dependent inhibition was obtained.
The curve that fits the experimental points of
insulin release vs. glucose concentration corre-
sponded to the equation:

1= T/1+ Ky s[glucose] @)

where T is the maximum amount of insulin
released, and K, the concentration of glucose
inducing half-maximal release of insulin. In our
conditions, the experimental values obtained for
these parameters were T=170.0 4+ 25.2 pU fislet
and K;5=9.3611.88 mM.

The effect of agents stimulating insulin release
by different mechanisms upon Ca®**-ATPase ac-
tivity are shown in Table II. These ccirpounds

EFFECT OF SOMATOSTATIN UPON Ca*-ATPase ACTIVITY

Esch valuc represents the mean & S.E. Number of cases in parentheses. The islets were incubated for 3 min (a5 described in Materials
and Methods) in the presence of the above-mentionzd subslances.

Gluceose (3.3 mM) Glucose (3.3 mM)+ Glucose (3 mM) Glucose (83 mM) +
somatostatin {1.4 M) somatostatin (1.4 p M)
0.762+0.034 (2) 1215401103} 0.569+0.050 (5) * 1.24540.052 (5}
(P <0.05) (P < 0.001)

* vs, glucose (3.3 mM). P <0.025.



include fuel molecules (KIC), oral hypoglycemic
agents {(gliclazide and tolbutamide) and agents
which affect mainly islet cAMP content (glucagon
and theophylline). After a 3 min incubation with
every one of these agents the activity of the en-
zyme measured in homogenates of the incubated
islets decreased significantly with respect to the
corresponding controls,

The Ca®*-ATPase activity remained unchanged
in islets preincubated for 3 min with 3.3 mM
glucose plus insulin in a concentration similar 10
that measured in the medinm of islets incubated
for the same period with 16.6 mM glucose,

The effect of somatostatin, a potent and physi-
ologic inhibitor of insulin secretion upon Ca*-
ATPase activity, was also tested. When previously
incubated with a somatostatin concentration suffi-
cient to block the glucose-induced insulin secre-
tion, the activity of the enzyme measured in islet
homogenates was significantly enhanced respect
to control values (Table III}.

Discussion

We have studied the effect of different insulin
secretagogues, insulin and an insulin blocker upon
the plasma membrane Ca**-ATPa,  _tivity mea-
sured in rat islet homogenates. The specificity of
the method employed to measure plasma mem-
brane Ca’*-ATPase activity and its accuracy have
been demonstrated and extensively discussed in
previcus reports [18,19].

Confirming the results previously reported by
Kotagal ¢t al. 12}, we found that, within the range
of concentrations employed, glucose and several
other simulators of insulin release exerted no di-
rect effect upon the plasma membrane Ca®*-
ATPase activity. Insulin also failed to affeci such
activity when directly added to the assay medium.
Conversely, the activity of the enzyme assayed in
homogenates of islets preincubated for up to 60
min with 16.6 mM glucose appeared significantly
inhibited throughout the first 5 min of incubation.
Thereafter, the values obtained were not signifi-
cantly different from those measured in the prein-
cubated control islets. The largest inhibition by
glucose was observed after a 3 min incubation.
However, the inhibition by glucose was dose-de-
pendent oply after 5 min of incubation. The
sharpness of the drop in the enzyme activity at a
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high concentration of glucose in earlter periods,
logether with the greater experimental error en-
countered 2t this short time, could explain the
dispersion of the data observed in Fig, 1.

Islets incubated for 3 min with other insulin
secretagogues, such as KIC, gliclazide, tolbuta-
mide, and glucagon plus theophvlline, also showed
a significant decrease in plasma membrane Ca®’-
ATPase activity. No significant changes were de-
tected in the activity of the enzyme measured in
homogenates of islets preincubated with insulin,

On the other hand, when assayed in homo-
genates of islets previously incubated with the
insulin-release blocker, somatostatin, the activity
of the enzyme was significantly enhanced.

According to a previous report {12), none of the
agents tested exerts direct effects upon the enzyme
activity. Conversely, the Ca?*.ATPase activity was
significantly altered in homogenates of islets pre-
viously incubated with all of the compounds tested,
except insulin. Together, these results would sug-
gest that the activity of the islet plasma membrane
ATPase is modulated by one or more of the
mtracellular products resulting from the incuba-
tion of the islets with agents that block or stimu-
late insulin secretion. Insulin released by these
agents would not be involved in such effect. It has
been demonstrated that glucose 6-phosphate in-
hibits the plasma membrane Ca®*-ATPase activity
[12]. Hence, the increment in the intracellular con-
centration of this compound could explain the
early inhibition of the enzyme activity, detected in
islets incubated with high glucose. However, such
mechanism canno! explain the inhibitory effect of
KiC, twibutamide and gliclazide, compounds
which do not alter the intracellilar levels of glu-
cose 4-phosphate. Consequently, the nature of the
intracellular signal(s) resnonsible for rapid drop in
plasma membrane Ca?*-ATPase activity under
these conditions remains unclear.

Glucose stimulates the phospholipid turnover
in islet membranes and the acidic fraction of these
compounds can stimulate the Ca*-ATPase activ-
ity {22,23]. Consequently, this effect could, at least
in part, explain the recovery of the Ca®*-ATPase
activity found in the islets after the 5 min incuba-
tion with glucose. A progressive increment of
calcium deposits was observed previously in the
B-cell plasma membrane of pancreases perfused
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with high glucose [3]. This sequestering of thc
divalent cation might also provide a stimulus of
the enzyme that contcibuted to the observed re-
covery of Ca**-ATPase activity.

Maximal inhibition of Ca’*-ATPase activity
was obtained after 3 min of preincubation of the
islets with glucose (Fig. 1). Hence, the enzyme
activity (Viaw in Eqn. 1) measured after 5 min
of preincubation (Fig. 2) could represent a partial
recovery of the enzyme function from the inhibi-
tion induced earlier by glucose. For this reason, it
is possible that other K, values would be ob-
tained for Ca?**-ATPase il the activity of the
enzyme were measured either before or after a 5
min preincubation, Otherwise. we cannat discount
the possibility that there exists a Ca**-ATPase
fraction that is insensitive to inhibition by glucose.

The K, value obtained in Eqn. 1 for Ca?*-
ATPase activity meuasured as a function of
medinm-glucese concentration (3-16 mM glucose)
would suggest that, under basal conditions, the
enzyme is already partially inhibited. Otherwise,
the curve represented in Fig. 2 would suggest that
the largest inhibition of the enzyme is obtained
when the glucose concentration is increased from
2108 mM.,

The Ca®*-ATPase K,; value was generally
lower than the corresponding value for insulin
secretion. This fact wouid suggest that the effect
upon Ca?*-ATPase activity of raising the glucose
concentration in the medium precedes the one
exerted on insulin secretion. When K, for in-
sulin secretion, as a function of glucose concentra-
tion in the medium. was calculated from the data
of other authors [24], a nearly identical result was
obtained. Furthermore, among these data, the K .
value for glucose oxidation and for B-cell electri-
cal activity were also generally lower than the K
corresponding to insulin release. Together, these
results might indicate that the inhibition of Ca?*-
ATPase participates in the mechanism of the glu-
cose-induced insulin secretion.

Hengquin et al, [25] found that putrient insulin
secretagogues decrease **Ca* efflux from islet
celis by a mechanism other than the inhibition of
sodiuti—caicium countertransport. Our results
could provide an alternative explanation for such
a mechanism.

The early inhibition of the Ca®*-ATPase activ-

ity might correspond temporally to the first peak
of insulin secretion [26]. This peak is not signifi-
cantly affected by blocking the influx of calcium
from the exiracellular space [27]. Under such cir-
cumstances, the release of calgium from the pool
within the endoplasmic reticulum might be suffi-
cient to increase the cytosolic concentration of the
free divalent cation and thereby trigger the release
of insulin [2,28,29). An increase in the IP; con-
centration might be the signal involved in these
movements of the intracellular calcium [2,28-31].
A simultaneous inhibition of plasma membrane
CaZ*-ATPase activity, being responsible for an
outward flow of calcium, might favor the incre-
ment in cytosolic Ca?* concentration induced by
the cation released from the endoplasmic reticu-
lum. The subsequent recovery of the enzyme activ-
ity, together with the participation of other
intracellular calcium pools, would avoid a further
increment in the concentration of free cytosolic
calcium. Hence, these effects would not only keep
the cytosolic calcium concentration within a suita-
ble range to ensure an adequate release of insulin,
but would also protect the ccil against a possible
deleterious effect of a large increment in intracell-
ular calcium.

Although in our experiments we focused afl our
attention on the plasma membrane Ca®*-ATPase
activity, the possible participation in intact cells of
a similar enzyme located in other subceliular
structures might also be considered. In that sitna-
tion, by sharing with the plasma membrane
ATPase the role of controlling cytosolic calcium
concentration, these ATPase would improve the
efficiency of such a control.

The inhibitory effect of somatostatin upon in-
sulin secretion has been aseribed 1o its action
upon the sequestering of B cell calcium levels [1).
Moreover, it has been recently demonstrated that
somatostatin inhibits the glucose-induced in-
creased in cytosolic free Ca®* of islet cells [32].
The eshancement of the ATPase activity described
here could be, at least in part, responsible for this
latter effect.

Although more experimental evidence is neces-
sary 1o test all these assumptions, our data would
suggest that the plasma membrane Ca®*-ATPase
participates in some fashion in the regulation of
the refease of insulin.
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