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Summary. The release of insulin 4n vitro from isolated
mouse islets was significantly inhibited in the presence of
an islet protein extract equivalent to more than 100 times
the normal serum level of insulin. The nature of the in-
hibitory islet substance remains unclear. The possibility
that the blood circulation through the islets may be im-
portant for the local regulation of insulin release by
reducing high levels of this hormone in the immediate
surroundings of the f cells should be considered.

Pour prewve de Dexistence d’ un répresseur de la libération
d’insuline dans les ilots pancréatiques

Résumé. La libération in vitro d’insuline par les ilots
isolés de souris fut significativement réduite en présence
d’un extrait de protéine ilotique contenant plus de 100
fois le taux normal d’insuline dans le sérum. La pature
de la substance répressive d’origine insulaire reste ob-
sceure. La possibilité que la circulation de sang & travers
les ilots puisse avoir de I'importance pour la régulation
locale de la libération d’insuline en réduisant les taux

The pancreatic islets are well vascularized. It
seems, however, hardly possible to interpret this mor-
phological feature in terms of an excessive need for
oxygen during the synthesis and secretion of insulin.
As a matter of fact studies of the lactate dehydrogenase
isoenzymes of the mouse islets revealed a pattern cha-
racteristic for a tissue with a low oxygen tension
(HeLLmAN and TALTEDAL, 1967). Moreover, the endo-
genous respiratory rate of microdissected islets is lower
than that of the liver and kidneys, and their oxygen
uptake is not increased by more than 509, in the case
of a maximal glucose-induced stimulation of insulin
release (HELLERSTROM, 1967).

A considerably enhanced rate of insulin secretion
has recently been noted from isolated islets when the
movements of the incubation fluid were increased by
shaking (LErxMARK and HrrLmaw, 1968). This ob-
servation raises the question whether the blood circu-
lation may be important for the local regulation of
insulin release by reducing high levels of this hormone
in the immediate surroundings of the § cells. In the
present communication evidence is presented for a
significant inhibition of insulin secretion after incu-
bating isolated mouse islets with an islet protein ex-
tract equivalent to more than 100 times the normal
serum level of insulin.

* Part of a project supported by the United States

Public Health Service (AM-12535), Swedish Medical Rese-
arch Council (12x—562) and the Medical Faculty of Umed.

élevés de cette hormone & proximité immédiate des cel-
lules béta doit étre considérée.

Hinweise auf einen Hemmfaktor der Insulinfreisetzung
in den Langerhans’schen Inseln

Zusammenfassung. Die Freisetzung von Insulin aus
isolierten Méuseinseln 4n vitro wurde in Gegenwart eines
Proteinextraktes aus Langerhans’schen Inseln, das mehr
als das Hundertfache der normalen Insulinmenge im
Serum enthielt, merklich gehemmt. Die Natur dieses
Hemmfaktors bleibt unklar. Man sollte die Moglichkeit
besonders berlicksichtigen, da8 die Durchblutung der
Inseln fir die lokale Regelung der Insulinfreisetzung iiber
eine Reduktion der hohen Konzentration dieses Hormons
in der unmittelbaren Umgebung der f-Zellen von Bedeu-
tung sein kann.
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Materials and Methods

Twelve adult male mice, representing the lean litter
mates of obese-hyperglycaemic mice bred in our labora-
tory since 1959 (Herrmax, 1965), were starved for 18 h
and killed by decapitation. In each experiment pieces
of pancreas were removed from one animal and 8 islets
carefully dissected under a stereomicroscope at +-2°C
as described by HeELLERSTROM (1964). The islets were
transferred to an equal number of polythene micro
test tubes in such a way that the individual islet rested,
surrounded by 15 pl Krebs-Ringer phosphate buffer,
over a bottom bubble of air. The incubation medium
was supplemented with glucose, 3 mg/ml, and bovine
serum albumin (Fraction V, Sigma Chemical Co.), 1 mg/
ml. The composition of the incubation medium was
adjusted to allow half the number of islets to be exposed
to an islet protein extract. This protein extract was
obtained by acetone precipitation of acid-ethanol ex-
tracted proteins from miecrodissected and homogenized
pancreatic islets from starved, obese-hyperglycaemic
mice. After incubation for 30 min at 37°C the islets
were briefly washed, freeze-dried over night and
weighed on a quartz fibre balance. The incubation
media, as well as the freeze-dried and weighed islets,
were assayed for insulin using the double antibody
radioimmunological technique of Hares and RANDLE
(1963). Each experiment also included parallel deter-
minations of the amount of insulin before (2 test tubes)
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and after (2 test tubes) incubation of the islet protein
extract in the absence of islets. Both the insulin anti-
bodies and the 125].insulin used in the radioimmuno-
logical insulin assay were supplied by the Radiochemi-
cal Centre, Amersham, England.

Results

The results have been summarized in Table 1.
During incubation the amounts of insulin represented
by the islet protein extract decreased by 159, to 32.2 +
2.1 ng/incubation vessel. The latter amount is about

Table 1

Medium with
added insulin

Medium with-
out added in-

sulin

Insulin added initially

ng/vessel 38.14+3.6 —

ng/ml 2539.2 4 246.6 —
Recovery of added insulin

ng/vessel 32.24-2.1 —

ng/ml 2148.6-1-144.2 —
Insulin measured in the
presence of islets

ng/vessel 42.9+3.8 18.34-3.3

ng/ml 2866.2+253.4 1214.44-216.6
Mean islet weight

(ng) 0.90-0.08 1.0240.02
Islet content of insulin
after incubation

ng/ug dry weight 1176 +7.5 114.54+9.2
Calculated insulin re-
lease

ng/ug islet dry weight 9.9-42.1 19.14+3.0

percentage of islet

insulin 7.74+1.3 13.9-4-1.6

twice as much as was secreted when a single micro-
dissected islet was incubated in the medium lacking
the islet protein. Assuming that the recovery of insulin
from the added islet protein was unaffected by the
presence of a microdissected islet, the amounts of in-
sulin released into the medium from the surviving is-
lets were calculated as 9.9 4- 2.1 ng/ug islet dry weight
in the presence of islet protein compared with no less
than 19.1 4- 3.0 for the controls (¢ = 2.51; P < 0.025).
The insulin release was also calculated in terms of the
original islet content of this hormone, and found to be
7.7+ 1.39%, in the presence of islet protein compared
with 13.9 4 1.69 for the controls (¢ = 3.00; P < 0.01).
In the latter calculations the figures for the original is-
let content of insulin were obtained by adding together
the amounts of insulin released and the amounts of
insulin measured in the incubated islets.

Discussion

Previous studies have shown that insulin consti-
tutes 149, of the dry weight of the § cells in the rat
{(Lacy, 1962; DixIT et al., 1962). The present observa-

tion of an insulin content of no less than 12—-139%, in
the islets from lean mice means that their g cells con-
tain somewhat more insulin per unit weight than is
found in the rat. Furthermore, the amounts of insulin
released from the mouse islets, when incubated in the
absence of islet extract, were considerably higher than
thoze noted for rat islets isolated with the collagenase
technique. As a matter of fact, MALATSSE et al. (1968)
have reported that the amounts of insulin released over
60 min did not exceed 5%, of the stored hormone. Our
limited experience with the collagenase technique does
not justify any conclusions concerning to what extent
the different procedures of isolating the islets might
have contributed to the discrepancies recorded. Al-
though the direct dissection of islets weighing only
about 1 ug undoubtedly involves less gentle mechanical
handling than is possible with the considerably larger
islets in the obese-hyperglycaemic mice, it should be
borne in mind that the collagenase technique involves
prolonged exposure of the islets to a rather strong
enzyme solution at 37°C.

When evaluating the present data, attention should
be paid to the fact that the added islet extract also con-
tains components other than insulin. Besides a major
content of non-insulin proteins, minor amounts of
phospholipids and nucleic acids can be expected to be
included in the acetone precipitate. The figures ob-
tained in the insulin assay were used for a rough
estimation of the total amount of protein in the islet
extract, assuming that the islets from starved, obese-
hyperglycaemic mice contain 909, B cells, with an
average insulin content corresponding to 209, of their
proteins (Herrmaw, 1965; LErNMARK et al., 1968).
Such a caleulation revealed that the added amounts of
protein corresponded to only about 19 of the original
protein in the incubation medium.

The fact that our islet extract was prepared from
the enlarged islets of obese-hyperglycaemic mice
means that it was prepared essentially from f cells. If
the small amounts of «, cells interfered with g cell func-
tion, this might rather be expected to have increased
the insulin release in view of their content of glucagon
(SaMoLs et al., 1966 ; CoorE et al., 1967). There is some
evidence to suggest that the «; cells produce gastrin
(CavarLErO and Sorcia, 1965). If they indeed secrete
this hormone, the amounts of added islet proteins
might very well be enough to reach a final concentra-
tion of 0.15 ug/ml. The latter concentration has recent-
1y been found to inhibit insulin release from isolated
mouse islets in the presence of glucose (LERNMARK et
al., 1968). It is also possible that the 8 cells themselves
might contain a specific but still unknown inhibitor of
insulin release. GRODSKY et al. (1967) reported prompt
insulin release (phase 1) followed by a rapid fall to a
comparatively steady level (phase 2), when perfusing
an isolated rat pancreas preparation with glucose. The
biphasic nature of the insulin response was attributed
to an intracellular feedback inhibitor not identical with
insulin.
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FrErICHS et al. (1965) have presented some evi-
dence for inhibition of insulin release from the isolated
rat pancreas when insulin was added to the incubation
medium. These results have been criticized by Ma-
LATSSE et al. (1967), who stated that neither insulin
nor guinea pig anti-insulin serum had a direct effect
on insulin secretion from isolated rat islets. The data
presented by Maratsse et al. (1967) can be used as a
strong argument against the existence of a feedback
regulation of insulin secretion mediated by the insulin
level in the blood entering the islets. The present study
suggests the more plausible alternative that the blood
circulation through the islets affects insulin release by
reducing the very high levels of this hormone in the
immediate surroundings of the 8 cells. As a matter of
fact, the insulin concentration provided by our islet
extract was about 50 times higher than that used by
Mava1ssE et al. (1967) and more than 100 times higher
than that found in serum in this strain of mice (WesT-
MAN, 1968). Before any conclusions can be drawn as
to whether the observed inhibition of insulin release
can be attributed to the insulin in the islet extract, the
same concentrations of this hormone should be tested
in a pure crystalline form.
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