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i. Iptraoduction

It has been suggested that plucose stimulates insu-
lin release through its metabolisni in the pancreatic
B-cells. This hy pothesis has partly been based on the
abservation of striking correlations between insulin
release and giucose oxidation in islets ircubated for
1 hr or longer [1] - Stedies on various types of per-
fuszd or superfused pancreas prepariations have re-
vzzied that the insulin secretory response is multi-
phasic with time §2--4] . This makes it of interest ro
measure the osiidation of glucose over periods shorter
thzn 60 min to estimate whether both the initial and
the tate phases of insulin relcase are related to glucose
metabrolism. Such measurements are difficult to pe.-
form because of the small size of islets in relation to
the sensitivity of the analytical miethods available. 1n
this paper a technique is described which makes pos-
sible incubation times shorter than 10 min. It will be
shown that the 7-carbon sugar mannoheptulose does
not significantly affect glucose oxidation during the
first 15 min of incubation, although it is known to
inhib:t insulin release almost immediately §S~6].

Z. Materials znd methads

[U-H4CDglucoss, sodium [1#C]bicarbonate and
[i-1*C] L-plucose were obtained from the Radiochem-
wal Centre, Amersham, England. All other chemicals
were commercially available reagents of analytical

grade. Distilled end deionized water was used through-

cut,
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Fig. :. The incub:tion equipment consisted of a small glass
vessel with a toia! voluine of about 4 cm®. The vessel was
sealed with a rubber stopper through which two needies
were run and fitted to syringes, one (A) coniaining 100 i1
0.1 N HCl and the other {(B) containing 100 ul Hyamine,
Twelve creular picces of fHter-paper () were put on the
A-ncedle. At the end of (he incub:ation the filter-paper was
soaked with Hlyamine and the HCO; produced by the
incubated islets (13) was absorbed.

Obese-hyperglycemic mice (gene symbal ob/ch)
from the Umed colony [7] were used as the source
of pancreatic isiets. For cach cxperiment about 25
islets were microdissected freehand [8] in Krebs—
Ringer bicarboate buffer (KRB) equilibrated with
0, and CO, (95:5) and supplemented with 3 ;M
glucose. After dissection the islets were preincubated
for 30 min at 37° in the samc type of medium as that
used during dissection.
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KRB media (100 pl) supplemented with 10 mM
[U-14C]D-glucose (1.7—2.4 mCi/mmole) and with or
without mannoheptulose were pre-warmed in smatl
incubation vessels (see fig. 1) to 37° during continucus
gassing. Prior 10 incubation two needles were run
through each stopper and Fited to syringes containing
100 pl 0.k N HC1 and 100 pi Hyamine, respectively.

It was checked in gontrol experimenis that there was
1o gas leakage vut of the vessels. After the pre-incu-
bation 3--6 islets were transferred to each incubation
vessel and the rubber stoppers were inserted. Afior
various periods of incubation the islet metabolism was
arrested and 1%C04 was liberated by injection of HCL
into the incubation medium. Hyamine was then in-
jected onto a small wad of picces ol titter-paper (see
fig. 1) and '*CO, trapped into the Hyamine by shak-
ing the vessels ( [40 strokes per min; 3.5 cm amplitude)
for 120 min at -oom temp. Blanks were obtained by
incubating media withoul islets. The pieces of Hiter-
paper were removed trom the needles and transferred
to liquid scintitlation vials. Atter the addition of 10 ml
scintillation fluid (5 g of 2,5-diphenyloxarole and

50 g of !.4-bis-2-{5-phenyl-oxazolyl]-benrene in

I € of tobuene), radicactivity counting was performed
ir a li ;juid scintillation spoctrometer (Packard Model
3375). The observed cpm values we e corrected for
bianks and then translated to mmaoles of glucose
equivalenis oxidized by comparison with external stan-
dards. These consisted of 5 pl incubation medium dis-
solved in 100 g1t Hyamine. Afier incubation the islets
were transferred to aluminium foil, freeze-dricd

( 40°:0.001 mm Hg) overnight and weighed on a
quartz ftbre balunce §9}.

To check the recovery of 14C02 . vessels were in-
cubated for 30 min with 100 gl KRB supplemenied
with 0.4 uCi of sodium [#C] bicarbonate. The re-
covery was 91 £ 29 ¢n = 7). Diffusion of glucose into
the islet extraceliular space was analysed with 4 C-la-
belled L-giucose according to a previously described
method [10]. The statistical probability that the et-
fect of mannohieptulose was due to chance was esti-
mated from the mean difference between test and
control incubations in a series of identical but sepa-
rate experiments. The expression ‘experiment’ refers
to a set of incubations from a single animal. Within
each experiment the factoss under study were tested
mostly in duplicate or triplicate incubations.
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‘ : Table 1 .
Production of V€04 in islets incubated with ' *C-labelled
glucase.

Incuba- 7 . up islet dry

tion time Total cpm Blank cpm weizht per

(min) per vessel per vessel vessel

7 510+ 34 334 2 |5 441t 4.0

aL) (12) (1

15 6M: 5% 332+ 128 284 ¢ 2.7
(11) (12) (11}

3o 1036 = 101 71 28.2+ 313

(14) {12) 14)

The data of the controls from fig. 2 are giver. #5 radicactivity
absorbed in Hyamine atter incubation r.iisiets £1otal cpm),
radioactivity in Hyamine from mediz incubated without
islers (biank cpmY and islet dry w<igzht per vessel. The num!ing
ol incubated vessels is given within parentheses.

a

3. Results

Table 1 suminarizes the mwean of the cpm tor
islets and blanks ; s well as the islet dry weight for the
contral incubaticns preiented in fig. 2. At short in-
ctbation times rhe blanks comprise a substantial part
of the total cpm values. To optain sufficient accuzacy,
two blanks wese run in all experiments for each com-
position of medium. In the 7-min incubations 6
islets were used in each vessel whereas longer incuba-
tions were performed with 3 islets. The average dry
weizght of single islets was about 9 pp.

As shown in fig. 2 the oxidation of 10 mM glucose
was a linear funciion of time except for an iniiial log
period during the first few minutes. To test wheihe
this tag conld be due to slow diffusion of sugar iato
the extracellular space, isolated islets were incubated
with 1¥C-abelled L-glucose. This sugar represents an
ideal extracellulur marker {10} tor this purpose,
since it can be asswined to have the same diftusion
constant as D-glucose. Half-maximal upiake was
reached at about 45 sec but complete equilibratio:
of L-glucose did not occur until ahout 15 min of
incubation. The lag periad of glucose oxidation co:ild
therefore probably be exolain=d by the diffusion i
glucosc into the islet extracellular water.

Whereas mannoheptulose caused a highly signi'i-
cant inhibition (£ < 0.001) of glucose oxidation
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Fig. 2. Isicts were incubated for 7, 15 and 30 min ina mediem
contuinigg 10 mM ' * C-labelled 1-ghrcoss. Ineach experiment
paralle) incubations were perforined with (o) and without
(#} 5 mM D-manncheptulose. Rutes of '4(:02 praduction
are expressed as glucose equivalents oxidized per kg of islet
dry weight. Mean values £ S.E.M. are given in the figure ex-
cept for the T-rain values, ‘vhere the bars representing 5.E. AL
were smailer than the circles representing mean values. The
number of experiments wus 6, 3 and 3, tespectively.

30 min of incubation, no signiiicant effect was ob-
tzined at 15 min, though there was a stight tendency
towards inhibition. During the initial 7 min of incu-
bation mannioheptulose did not affect glucose ox-
idation at all, The data in tig. 2 further indicate that
the istet oxidaiion of glucose is completely blocked
between 15 and 30 min of incubation with manno-
heptulose.

4. Discussion

Most studies on the glucose oxidation in pancre-
atic isfets have been performed by means of incubu-
licns in simall glass weils kept within an outer glass
centuiner, preferably liquid scintillation vials [L1}].
Although uszaful in incubations for | hr or longer, this
teckilique seems to lack enough sensitivity and pre-
csion for shurt-term experimients. This is mainly due
W the inadequate temperature cquilibration during the
first few minutes. In the present procedure this dif-
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ficulty has been circumvented by keeping the smail
incubation vials in direct contact with the water bath.
Because of this, the media can be appropriately pre-
warmed to an exact temperature during continuous
cquilibration: with Oy and CO,.

Mannoheptulose is 4 potent inhibitor of glucose-
induced insulin release |6, 12-14], whereas it does
not inhilrit insulin release in respoase o leucine [15].
Mannoheptulose may therefore be a fairly specific
tlocker of the g-cell recognition system for glucose
as o stimulus of insulin release [1]. 1€ has been ob-
served in long-term experiments that mannoheptulose
markedly rweduces the oxidation of glucose in the pan-
creatic islets [6, 16]. This is amply demonstrated with
the present experimental set-up. The data also indicate
that this inhibitien of glucose oxidation is not mani-
fest until 15 min ot incubation, after which time
clucose oxidation muy be rotally blocked. In previous
1-hr experiments 5 M mannohe ptulose wis found to
reduce the oxidation of 12 mM glucose from 36.5 to
7.4 mmotes per kg islet dey weight [6] . The latter
va'ue is almwost exactly what would be expected {or the
correspoending conero! islets after 15 min of incubat-
ion if due consideration is paid to the longer lag peri-
od with the conventional technique [17].

[nhibition of insulin release stans prompily afier
the addition of mannoheptulose and is highly sig-
aificant within the Hirst 5 min of incuhation [5 -6].
In incubations lasiing tor 1 hr or {onger there 15 o
striking correlation between thie apparent rate of
oxidation or utilization ot glucose and the rate of
insulin release at different plucose concentrations 1],
This has been resarded as support {or the view that
glucose inctabolism somchow controls insulin releas:.
The oresent results do not contradict that this is the
casa fer the late phase ol insulin release. The ob-
servation of an eninhibited glucose oxidation during
the initial 15 mm, when insulin velease is already re-
tarded . makes it however lempting to assume that
a direct recepto mechanism exists in the -cells that
is responsibia for a1 least the early phase of glucose-
stimulated insulin release.

Acknowledgements

This work was supported by the Swedish Medical
Roesearch Councd amd the Swedish Diabetes Assac-
iation. The skilful technical assistance of Mrs. Ann-
Charlott Lundberg is dso gratetully achnowldedged.

17



Volume 30, number |

Refarenos

[1] SJ3._H. Askcrofi, J.M. Basset and P.J. Rondle, Pinbetes
21, sieppt. 2 (1972) 538.

(2] G.M. Gradsky, L.L. Bennett, D. Smith and K. Nemechek,
Tolbutamide after ten years, eds. Buttecfield and van
Westering (Excerpta Medica Foundation, Amsterdam,
1967y p. 1L, ‘ :

13] G.D. Bloom. B. Hellman, L.-A. ldahi, A. Lernmuik, J.
Schlin and 1.-B. Taliedal, Biochemn. J. 1 29 (1972) 241.

{4] L.-A. Idahi, Anal. Biochem., 50 (1972} 386.

{51 A. Lernmark and B. Hellman, Metabalism 19 (1970)
614,

{61 B. Hellman, ©.-A. Idahl, A. Lernmark, I. Sehlin, E.
Simon and [ -B_ Taljedat, Mol Pharmacol. 8 (1972 1.

{7] B. Hallman, Ann. N. Y_ Acad. Sci. 131 (1965) 541,

[8] C. Hellerstrom., Acta Endocr. 45 (1964) 122,

48

FEBS I ETTERS

- February 1973

{9] O.H. Lowry, I, Histochem. Cytachem. 1 (1953) 420,

{10} B. Hellman, §. Schilin and L-B. Tilicdal, Biochim. -
Biophys. Acta 241 (19271) 147.

[11] #i. Keen, J.B. Ficid and I. Pastan, Metabolism 12 (1963)
143. .

[12] H.G. Coore and P.J. Randle, Biechem. J. 92 (1964) 66.

(13} E. Simon and P.F. Kraicer, Isrzet J. Med. Sci. 2 (1966)
78s.

fid4] W), Malaisse, M.A. Lea and F. Malaisse-Lagae,
Mectabolism 17 (1968) 126.

{15]) S.3. Fajans, R. Quibrera, 8. Pek, 1.C. Floy&, Sr., H.N.
Chuistensen and J.W. Conn, J. Clin. Endocr. 33 {1971}
35.

[158] S.1.H. Ashcroft, C.J. Hedeskov and P.J. Randte, Biochem,
J. LEE (1970} 143.

[17] B. E¥=llman, J. Sehlin and L-B. Tiljeds, Biochem. 1. 123
(1971y513.



