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Effects of the Pretreatment with High Glucose Concentrations on
Insulin Release from Rat Pancreatic B-cells ; An Important Role
of Cytoplasmic Free Ca’" on the Regulation of Insulin Release

Yoshitaka NaAGASAwWA
Department of Geriatrics, Endocrinology and Metabolism,
Shinshu University School of Medicine ‘
(Directer : Prof. Takashi YAMADA)

In an attempt to study insulin release in response to D-glucose and/or ionomycin in vitro,
pancreatic islets were obtalned from rats treated or not treated with D-glucose and the islets
were then perfused or perifused initially with graded doses of D-glucose (1, 7-10mM), and sub-
sequently stimulated with a large dose of D-glucose (20mM) or ionomycin (1xM). Insulin con-
centrations in the efflux of perfusion or perifusion and cytoplasmic free Ca** concentration
([Ca*']i) in the islets were determined.

A typical two-phase pattern of in vitro insulin release was found in response to in vitro
addition of a large dose of D-glucose (20mM) when the islets were pre-exposed to a small dose
of D-glucose iz vivo or in vitro. In contrast, in vitro insulin release was high but not influenced
by in vitro addition of a large dose of D-glucose when the islets were pre-exposed to a relatively
high D-glucose concentration in wivo and in witro. Less response of insulin release to a large
dose of D-glucose (20mM) with increasing concentration of pretreated D-glucose is associated
with a progressive decrease of [Ca*]i. Since ionomycin induced full action on insulin release
under such a condition, pretreatment with a relatively large dose of D-glucose desensitizes the
islets to subsequent D-glucose stimulation.

Ionomycin increased [Ca**]: under all experimental conditions, but pretreatment with a
moderate or relatively large dose of D-glucose is required for subsequent release of insulin.
Shinshu Med. J., 88 :68-76, 1990
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Fig, 1 Perfusion system of isolated pancreas,
SMA=superior mesenteric artery. TC=
truncus celiacus. PD=pancreatic duct.
CBD=common bile duct.

C syringe pump &IV TR RHEEA LTz, &
DOZER, BEIRY DIRML, MBEE% IE L A16,
AT &, 5mg/100g BED sodium pento-
barbital (Abbott Laboratories, North Chicago,
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TR IR L 21018, P AR ETRC: KRB-
HEPES 2% (Krebs-Ringer bicarbonate buffer
with HEPES, pH?7.4/containing 118.4mM NaCl,
4,69mM KCi, 1.2mM MgCls;, 1.18mM KH,PO,,
1,0mM CaCls, 1.25mM NaHCQ,;, 10mM HEPES,
and 5mg/ml bovine serum albumin) #F\>,
7B HERE L, HBATHE6mM O
D-glucose #%%r KRB-HEPES f&#E7%, 2.7ml/
min OMEECLOHHMENE Lctk, 204M20mM o D-
glucose, KRB-HEPES #BIHWECHEM L CBEL BIE
L, BRWFeoWEhics v A ) VIBE LRI,
RIA (Insulin Radioimmunoassay Kit., Eiken
Immunochemical, Tokyo, Japan) THl%E L %19
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hagen, Denmark) &\ 72,
C H7BOHE
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Fig. 2 Isolation of islets. (a) Rat was anesthethized by 5mg/100g BW sodium pentobarbital
intraperitonealy, and spray alcohol on the abdomen. (b) Open the abdominal wall, turn rat
around and then clip xiphoid process. (c) Clamp off common bile duct at its entry into the
duodenum (ampulla of Vater), make a small partial cut through the left hepatic duct, and
insert tubing into the partially cut duct. (d) Pump in approximately 15ml of chilled buffer
with collagenase to inflate the pancreas. The pancreas was surgicaly resected and cleaned by
removing fat, lymph, etc. (e) Roughly minced pancras was incubated with the collagenase
at 37°C for 16min. (f) Digested pancreas was washed three times by cold Hanks/BSA/glucose
solution to stop the action of the collagenase. (g) Add 4ml of 25% ficoll to the pellet, and

 vortex. Make layer carefully by the other concentrations of ficoll (2ml each of 23%, 20.5%
and 11% of one). Centrifuge at 800 G at 4°C for 15min. (h) The cleanest islets will be at
the 11-20.5% interface, while those at the 20.5-23% level may be slightly under digested
and more debri may be present. (i) Isolated islets.
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Fig. 3 Perifusion systems.
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Fig. 4 In vivo addition of D-glucose on blood
glucose in rats. For the first 24 hours,
physiologic saline was administered, and
subsequently, 59% D-glucose (O—Q) or
50% D-glucose (@—®) was administered
for 24 hours intravenously. Circles and
vertical lines indicate mean+S, D,

Statistical analysis : O vs. @, P<0.01.
(at 8 and 24 hours after glucose infusion)
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glucose on insulin release. Isolated pan-
creas was obtained from the rats treated
with 5% D-glucose (O—Q) or 50% D-
glucose (@—@) for 24 hours. The pan-
creas was first perfused with 5.6mM D-
glucose for 20min, subsequently with 20
mM D-glucose for 20min and finally with
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was collected every one min to measure
insulin concentrations. Circles and ver-
tical lines indicate meanzS.D. IRI=im-
muno-reactive insulin.

Statistical analysis: *=P <0.01, *¥=
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Table 1 Effects of pretreatment with graded doses of D-glucose
on the basal insulin release

Immuno-reactive

E:r?g}ar%tlgggig (mM) insulin (pg/ml)
1.7 (n=28) 8,593,561 ——
5.0 (n=138) 15.328,14 =—— ” . .
7.5 {(n=28) 25,57, 23 ___' * -
10.0 (n=28) 25,829, 52 E—

Statistical analysis : *=P<0, 01, **=P<), 05.
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THWL, chiexT5 1 w2 ) vHWRIED peri-

fusion system X DlE Lz (Fig. 6). 7 Fufl
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(Fig. 6a, 6b, 6c, 6d),
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VBRI U0 [Ca¥ ] W% by,
fluorometer # f\CHEE R BRI E Lz (Fig.
7A, 7B), :
L7mM ©7 FoSlE (Fig. 7A-a) Tk,

7 B Bffa [Ca**] 1 1% D-glucose MIBuz X vk

RPHIML, BACHEAE oot HHIRPIMIEI0

DL EEES Ui, & 2 AP D-glucose 12 X B HT0E

DWEEN 5mM (Fig. 7A-b), 7.5mM (Fig. 7A-0),

10mM (Fig. 7A-d) &#ELtoT W&, [Catt]y

DOFEEOIL L EBYILBEL, TORKRIEIMETL

oo BRDWEMS b [Cat*] i LHE LR RT

& (Fig. 7B), D-glucose OIBMEN R 51T

ohT, 7EBHIlEO [Ca**]; @ 20mM D-glucose

PR35 BUGHIET LT,

D Ionomycin (Ca ionophore) [ k34 R
SR EMEREE Ca*t oMK E D-glucose
DEBBENF(THEBTH LB FELMD
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Fig. 6 Effects of pretreatment with graded doses of D-glucose (1.7mM-10mM)
on insulin release induced by large dose of D-glucose (20mM). Isolated
islets were obtained from untreated rats, The islets were first perifused
with graded doses of D-glucose (a-1.7mM, b-5mM, c-7.5mM, d-10mM) for
30min, subsequently with 20mM D-glucose and finally with respective
basal doses of D-glucose (1. 7mM-10mM), Circles and vertical lines indicate
mean+S, D, Mean®S.D. of each point refers to the 4 independent ex-

periments,

Statistical analysis : ¥*=P<0, 01, **=P<0,02, ***=P, 05,
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Fig, 7 Effects of pretreatment ‘with graded doses of D-glucose (I.7mM-10mM ) on an

increase of cytoplasmic free Ca’® concentration induced by large dose of D-glucose
(20mM). The islets, obtained from untreated rats and loaded with 2p¢M fura-2AM,
were suspended in 500l of basal incubation medium in a thermostatic quarts cu-
vette (37°C). They were first incubated with graded doses of D-glucose (a-1.7mM,
b-5mM, c-7.5mM, d-10mM, e-1.7mM) for over 10min until the fluorescent ac-
tivities reached steady state. Subsequently, 2xl of concentrated doses of D-glucose
were added as indicated by arrow, and incubated with 20mM (a-d) D-glucose. 1.7
mM D-glucose was added in control study “e”.

In (B), absolute increase of [Ca?*]; was calculated and the data were expressed
as mean®S.D. Mean+S.D. of each point refers to 3 independent experiments,
Pretreatment dose of D-glucose is a-1.7mM (O—QO), b-5mM (§—@), c-7.5mM {]—
[} or d-10mM (A—A) respectively, and “e” is control (©—©). [Ca**]:i =cyto-
plasmic free calcium concentration,

Statistical analysis:a-O vs. c-[], a-O vs. d-A, a-Q vs. e-©, b-@ vs. e-OQ,
c-[] vs. e-©, P<0.01, a-O vs, b-®, c-[]vs. d-A, P<0.05. (at 5min after glucose
stimulation)

mycin (Ca ionophore) Hlifi% &h¥inxBe,
5 EBHADA v A ) vHURIENRED X 5 d n
% Fig. 8 ©iFT,
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Effects of pretreatment
with graded doses of D-
glucose (1. 7mM-10mM) on
insulin release induced by
ionomycin.,  The islets
were obtained from un-
treated rats and perifused
with graded doses of D-
glucose (1.7 mM-10 mM)
for 60min. During this
perifusion, 1pgM of iono-
mycin was added for 20
min. Circles and vertical
lines indicate mean=S. D.
Mean=8, D. of each point
refers to 4 independent
experiments,

Statistical analysis : *=

P<0.01, **= P<0.02,

#kE = P, 05
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Fig. 9 Effects of pretreatment with graded doses of D-glucose (1. 7mM-10mM) on increase
The islets were obtained from untreated

In (B), absolute increase of [Ca*] ; was calculated and the data were expressed

as mean®S8.D. Mean®S.D. of each point refers to 3 independent experiments.
Pretreatment dose of D-glucose is a-1. 7mM (O—QO), b-5mM (@—®), c-7.5mM (I

) or d-10mM (A—A) respectively, and “e” is control (©—0O).

Statistical analysis : a-O, b-@, c-[0, and d-A, vs. e-@, P<0.01 (at 3min after

stimulation)
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