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Abstract

Insulin secretory response to various calcium concentrations was investigated in 10- to 12-week old male
lean and obese Zucker rats using an in vitro pancreatic perfusion procedure. There was no significant dif-
ference in insulin secretion response to low, medium, sand high calcinm concentrations in the lean rat. How-
ever, the obese rat shows a characteristics of hypersecretion of insulin. The obese rat pancreas perfused with
the low calcium concentration released as low insulin as the lean rat. When perfused with the medium calcium
concentration, the obese rat pancreas released twice as much insulin as the lean rat. The hypersecretory
phenomenon was also seen in the obese rat pancreas perfused with the high calcium concentration during
the first phase of perfusion period, but this phenomenon was gradually diminished during the second phase
of perfusion period. These results indicate that there may be a selective insulin secretory response to the
extracellular calcium in the obese Zucker rat pancreas.
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INTRODUCTION

It has been reported that insulin secretion reguires
external calcium concentration(1-3}. There has been
several thoughts as to how the calcium influx is re-
gulated. The primary means of calcium entry appears
to be via voltage-gate calcium channels(6). A calcium
channel has been found on the normal mouse pancreatic
p-cells(7), and its inactivation is almost purely Ca® de-
pendent{8). Glucose stimulation of the f—celis leads to
an increase of free cytosolic calciwm, resulting in an
occurrence of the insulin secretion(9). There is an evi-
dence that intracellular organelles may also play a role
in controlling cytoselic calcium concentration. The major
organelles are the mitochondria{l1Q) and endoplasmic
reticulum(l1,11}. Influx inte the endoplasmic reticulum
has been shown to be controlled by a Ca™ - ATPase(1).
while efflux appears to be controlled by the second me-
ssenger inositel 1,4,5-triphosphate(IPs) system(12,13).
It is hypothesized that receptor-generated [P stimulates
an elflux of calcium from the endoplasmic reticulum,
which in turmn leads to an increase in cytosolic calcium
triggering the insulin release.

Genetically obese Zucker rats exhibit typically hyper—
insulinemia, and one of its causes is a direct pancreatic
B-cell hypersecretion. The hypersecretion of insulin in
ohese Zucker rats was proved in our previous studies

of in vive and vitro perfused pancreas(14,15). This hyper-
secretion may be caused by following several {actors;
hypertrophy(16) and hyperplasiall?) of the pancreas
tissue, a decreased hepatic insulin clearance(18), the sen-
sitive response of B-cells to the neurosignal for the in-
sulin secretion(19), and the ahnormally halanced auto-
nomic nervous system(14.15,20). It is hypothesized that
there may be hyper-responsiveness of the chese rat
pancreas to physiclogical stimuli. The purpose of this
study is to examine any discrepancies of the pancreas
secrefory response to the low, medium, and high calcium
levels in the perfusate between the genetically lean and
ohese Zucker rats.

MATERIALS AND METHODS

In vitro pancreatic perfusion procedure

Genetically lean and obese male Zucker rats{10~12
week old) were used in the present study. They were
anesthetized with intraperitoneal injection of sodium
pentoharbital of 65mg/kg body weight. The in vitro
pancreatic perfusion system was performed. In brief,
the pancreas and adjacent portion of the duodenum,
the spleen and the stomach were excised. And the pan-
creas was placed on a warmed perfusion platform. The
celiac artery and portal vein were cannulated to serve
as arterial input and venous output, respectively. Via-
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bility of the pancreas tissue was ensured by measuring
the anoxic time which ranged from six to nine minutes.
Temperature of the pancreas was also maintained at
37°C through a thermostatically controlled heating scurce.

Perfusate preparation

As for a perfusate preparation, the moditied Krebs-
Ringer bicarbonate solution with 4%¢ dextran was used.
The CaCly concentration in the perfusate was varied
to produce three different solutions as follows: low cal-
cium sohution of 1.625meq/L, medium calcium of 3.25
meq/L, and high calcium solution of 8.125meq/L. The
resulting medium contained the following in meg/L:
sodium 143, potassium 5.9, phosphate 24, sulfate 2.4
chloride 126, bicarbonate 25, and magnesium 1.3. In ea-
ch perfusicon, a constant glucose stimulus of 300mg/d!
was maintained for 70min of the entire period. The per-
fusate was conlinually oxygenated with 9524 02 and 5%
COs, and warmed using a circulating water bath. The
perfusate flow rate was maintained at a 5ml/min using
a constant flow pump(Masterilex, Cole Parmer Instru-
ment Cao., Chicago, U.S.A.), After a ten—-minute equili-
bretion period, during which the temperature of the pre-
paration was stabilized at 37°C. the entire venous efflu-
ent from the portal vein canmuia was cellected in a series
of graduated cylinder at Imin interval for the first 10min,
and 5~ 10min interval for the next 60min. The effluent
samples were frozen at -20°C for later insulin analysis.

Insulin secretory rate

Insulin in venous effluent samples was determined
by the radioimmuno-assay. Purified rat insulin was used
as the reference standard(21.3U/mg, Novo, Copenhagen,
Denmark), and human “I insulin{Amersham Co., Ar-
lington Heights L, U.S,A.) was used as a tracer. Insulin
secretary rates(ng/min) were calculated by multiplying
the insulin concentration{ng/ml) by the perfusate flow
rate(mi/min).

All data are expressed as the meansTSEM. The
ANOVA and Schelfe F-test were used to determine sta-
tistical significance hetween means of groups at p<0.05.

RESULTS AND DISCUSSION

Table 1 shows that the hody weight of obese rats
was greater than that of lean rats. However, in the same
phenotype, there was no difference in body weight among

Table 1. Body weight and pancreas weight of the male
lean and obese Zucker rats in three groups
perfused with differnt calcium(Ca) concen~

trations

Body Pancreas
Group(n) welght(g) weight{g)

Lean rats
Perfused with low Ca(7} 216=E & 0.96 0,07
Perfused with medum Cal7) 223+ & 1.01=003
Perfused with high Ca(8) 216127 083*0.13

QObese rats
Perfused with low Ca(6) 329+ 12" 0.91+0.05
Perfused with medium Ca(6)  324=12° 084006
Perfused with high Ca(7) 340+11" 084 E0.07

Values represent mean=TSEM

Values with the different superscripts withun a column are
significantly dilferent(p<0.05)

the three different calcium groups. There was also no
significant difference in the pancreas weight among
all groups, regardless of lean and obese rats.

Tahle 2 shows an insulin secrelion by pancreas during
0~10min period which is the first phase, and during
11 ~70min period in the second phase ol secretion. When
the pencreas was perfused with the solution of low
caleium concentration, the ameunt of insulin released
from the obese rat pancreas was comparable to that
fram the lean rat pancreas during both the first and
second phases. The ohese/lean hypersecretory factors
during the first and second phases were 1.3 and 1.6,

Table 2. Intergration of insulin secretion over time in
10- to 12—week-old male lean and obese Zucker
rat pancreata perfused with three different
calcium{Ca) concentrations

Insulin secretion{lig/time period)

Groupin)

0 to 10min 11 1o 70mn

Perfused with low Ca

Lean(7) 2060500 10.75£1.96"

Obesel6) 32300470 14121255

Obese/Tean” 16 13
Perfused with medium Ca

Lean(7) 2 /0T 035" 12.765+191°

Obese(6) BE0E066M 31444017

Obese/Lean 25 25
Perfuse with ngh Ca

Lean(®} 200£0238° 1080115

Obese(7) L1 22001451

Ohese/Lean 29 20

YHyperecretory factor: Obese insulin secretion amount divided
by lean insulin secretion amount
Values represent mean + SEM. Values with the different su-
perscripts within a column are significantly different(p<0.05



146 Hyun-Ju Cher

respectively, However, when the pancreas was perfused
with the solution of medium calcium concentration, abe-
ge rats released twice as much insulin as lean rats dur-
ing bath phases of secretion(p<0.05). This hypersecreto-
1y phenomenon was also seen in the obese rat pancreas
perfused with the solution of high calcium concentration
during the first phase of secretion. And, the obese/lean
hypersecretory factor was 2.9. However, the hyperse-
cretory phenomenon with a high calcium solution in the
obese was not significant during the second phase of
secretion, even though the obese/lean hypersecretory
factor was 2.0. In obese rats, the glucose stimulus with
less than 300mg/dl concentration causes hypersectetion
of insulin(21). However, in the present study, a pancre-
atic hypersecretory response of the obese rat to glucose
of 300mg/dl was abolished with a low calcium perfusion.
Although the glucose may be the primary stimulus for
the insulin secretion, an appropriate amount of calcium
seems to be necessary in the insulin hypersecretion in
obese rats. A cell culture study using genetically obese
{ob/ob) mice showed that their islets were less depen-
dent an glucose, suggesting a different degree of glucose
contribution to insulin secretion{22). It has been reported
that a decreased cytoplasmic free calcium ion caused
areduction in insulin secretion and this phenomenon oc-
curred through an activation of alphas—adrencreceptor
of B-cells of obese hyperglycemic mice(23).

Fig. 1 shows a total insulin amount secreted for entire
70min of the perfusion period. In lean rats, there was
noe difference in total insulin amount among three groups
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Fig. 1. Total amount of insulin secretion from pancreata
perfused with three different calcium(Ca} con-
centrations in 10~ to 12— week-old lean and obese
Zucker rats,

Values represent mean®SEM. Values with the dif-

ferent superscripts are significantly different(p<0.05).

of low, medium, and high calcium concentrations. How-
ever, in obese rats, the pancreata perfused with medium
caleium concentration released significantly more in-
sulin than those with low or high calcium concentra-
tion. Insulin hypersecretion from the obese rat pancreas
perfused with a medium concentration of calcinm solution
in the present study is in agreement with our previous
results in which the same calcium concentration was
used{14,15,19).

Figs. 2 and 3 show dynamics of the insulin secretion
with respect to perfusion time. A typical biphasic msulin
secretory pattern of the first and second peaks of insulin
secretion can be seen in both [Ogures. The dynamic of
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Fig. 2. Insulin secretory profiles of pancreata perfused
with three different calcium(Ca) concentrations
in 10- to 12- week-old lean Zucker rats.
Values represent meant SEM.
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Fig. 3. Insulin secretory profiles of pancreata perfused
with three different calcium(Ca) concentrations
in 10~ to 12- week--old obese Zucker rats.
Values represent mean® SEM.
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the lean rat pancreas appears similar among three groups
with different calcium concentrations(Fig. 2). In the ohese
rat pancreas with a low calcium concentration, the in-~
sulin secretion is low during 0~ 10min period, and re-
mained at a low level thereafter(Fig. 3). Interestingly,
the obese rat pancreas with a high calcium concentra~
tion solution shows a different secretory dynarnics from
that with either low or medium calcium concentration,
in which the nsulin secretion was gradually diminished
as the perfusion time elapsed,

A general secretory response of the endocrine pan-
creas to the glucose has two phases: the sharp peak
and decline in the first 10min(tbe first phase), followed
by a more steady state or even increasing rate of relea-
se for the next G0min{the second phase), In the previ-
ous studies, the insulin secretion rate remained nearly
constant in lean and obese Zucker rats(14,15,19). There-
fore, the difference in secretory dynamics between the
lean and obese rats shown in Fig. 3 appears to be strik—
ing in the high concentration of calcium perfused con-
dition. In other words, insulin secretion in ohese rat pan-
creas was continupusly declined when obese rats were
exposed to the high calcium concentration, while it re-
mained at a plateau when exposed to the low calcium
concentration. These results indicate that the secretory
process in the obese rat pancreas may be influenced
by a subtle change in the calcium concentration.

(lucose-induced secretion is dependent on the presence
of extracellular calcium ions, which enter into the B-cell
mainly through voltage-dependent. calciim channel. Tt
has been reported that an impaired calchim metabolism,
which is a decreased activity of the Ca-ATPase in obe—
se Zucker rats{24). A calcium entry into f-cells through
voltage—dependent calcium jon channel(?5) is regula-
ted by a cyclic AMP level. It has been reported that an
aperation of the voltage-dependent calcium ion channel
(26) and a regulation of cAMP accurmulation{27) are im—
paired in the hypetinsulinemic obese(ob/oh) mice. The
defective ion channel was also founded in the familial
persistent hyperinsulinernic hypoglycemia patient(28),
The physiological mechanism of the hypersecretion in
the obese rat pancreas perfused with medium and high
calcium. concentrations could not be elucidated in the
present study. A possible explanation is a potential se-
lectivity of calcium channel in the islets of obese pan-
creas, although further studies are needed in the light
of the intracellular events. It has been reported that the
pancrealic islet acid amyloglucosidase and acid alpha-

glucosidase, which are related to the insulin secretion,
were highly dependent upon calcinm ion(29). It was also
found that the glucose metaholisin is erthanced in islets
af the hyperinsulinemic obese mice(30). Therefore, other
possible explanations are that in islets of the abese rat,
a coupling reaction of the glucose and calcium ion may
be different in the complex process of glucose-induced
insulin release, and the calcium dependency on intra-
cellular enzymes related to secretion may be different
from islets of the lean rat.

In surmmary, this study demonstrates a profound in-
hibitory effect of either low or high calcium on the in—
sulin secretion in the genetically obese Zucker rats, This
inhibitory effect of calcium appears to be different in
secretion dynamics hetween the low and high calcium
concentration. A tonic inhibition occurs throughout the
entire perfusion pericd in the obese rat pancreas with
the low calcium cancentration, while a gradual inhibition
occurs as the perfusion Hime elapsed in the obese rat
pancreas with the high caleium concentration.
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