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by Isolated Islets of the Monkey
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Summary. Insulin secretion was monitored in monkey islets
isolated by collagenase digestion and exposed to leucine and
arginine with and without glucose. Leucine by itself (10 to
40 mmol/1) elicited concentration-dependent insulin secre-
tion. At 40 mmol/1, leucine was approximately 60% as effec-
tive as glucose (16.7 mmol/1). The response to leucine was in-
creased at low glucose concentrations. In high concentrations
(20 and 40 mmol/1), arginine by itself was a poor stimulant.

The effect of arginine was enhanced at low glucose concentra-
tions (2.8 to 5.6 mmol/1). At high glucose conceatrations nei-
ther amino-acid produced any significant further increase in
insulin release.
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The extensive information available on the secretion of
insulin and its regulation is mainly based on studies on
islets from small laboratory animals, particularly the rat
and the mouse. However, there is evidence for species
variation in insulin secretory characteristics {1]. Because
of the technical difficulties in isolating islets from pri-
mates [2] (including the paucity of experimental ani-
mals), simian islets have not been studied extensively.
We have previously reported a method for isolation of
monkey islets [3]. The secretory response of this prepa-
ration to glucose was closer to that of human than to
that of rodent islets. We now report on the insulin secre-
tory response of isolated monkey to certain amino-ac-
ids.

Materials and Methods

The methodology for the study of insulin secretion in isolated monkey
islets was as reported earlier [3]. L-leucine and L-arginine hydrochlo-
ride were obtained from Sigma Chemicals, St. Louis, Missouri, USA.
The medium for isolation and incubation of islets was Krebs bicar-
bonate. Until the beginning of pre-incubation, the pancreas and the
islets were handled at 5 °C except for collagenase digestion at 37 °C.
The duration of pre-incubation was 30 min in low glucose medium
(2.8 mmol/1).
Statistical analysis was by Student’s t-test.

Results

Leucine-Induced Insulin Secretion

Following pre-incubation, the islets were incubated in
media containing various concentrations of leucine

and/or glucose for 60 min (Table 1). The basal rate of
insulin secretion of these islets, in the absence of any
stimuli, can be taken to be 0.2ng - h™! - islet™! as shown
by islets incubated in the low glucose medium alone.
Leucine by itself produced a dose-related insulin secre-
tion. The increase in insulin secretion, though small, is
highly significant (p < 0.001). With leucine (40 mmol/
1), insulin secretion was approximately 60% of the maxi-
mal response to glucose. The presence of low glucose
concentrations enhanced the insulin secretory response
to leucine, but at high concentrations of glucose and
leucine, the interaction between the two is less marked.

Table 1. Effect of leucine and glucose on insulin secretion in isolated
monkey islets

Insulin secretion (ng - h™* - islet)

Glucose Leucine concentrations
1/1
(mmol/h 0 10 mmol/1 40 mmol/1
02 - 0.47 +0.03 1.41 £ 0.05
2.8 0.20 = 0.01 0.81 £ 0.03 1.82 + 0.05
5.6 0.71 £ 0.03 1.21 £ 0.03 1.90 + 0.05
111 1.52 £ 0.05 1.81 £ 0.04 211+ 0.10
16.7 225+0.13 231 +0.12 2.40 + 0.11

Values are expressed as mean = SEM of six experiments.
2 Islets exposed only to leucine (20 and 30mmol/1) secreted
0.91 £ 0.04 and 1.21 + 0.05 ng insulin - h™* - islet ! respectively
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Table 2. Insulin release by arginine and glucose in isolated monkey is-
lets

Insulin secretion (ng - h™' - islet™!)

Glucose Arginine concentrations

(mmol/ly 0 20 mmol/1 40 mmol/1
0 - 0.47 £ 0.03 0.58 +0.03
2.8 0.19 +0.03 0.92 +0.03 1.05 £ 0.04
5.6 0.75 + 0.02 1.04 £0.07 1.25 £ 0.08

111 1.25 £ 0.08 132+ 0.10 1.49 £ 0.11

16.7 215 +0.12 216 £ 0.19 218 +£0.11

Values are expressed as mean = SEM of ten experiments. The islets
were pre-incubated in basal low glucose medium (2.8 mmol/1) during
0-30min

Arginine Induced Insulin Secretion

Following pre-incubation, groups of islets were ex-
posed for 60 min to different concentrations of glucose
or arginine. As shown in Table 2, the rate of insulin se-
cretion was twice as much with arginine (20 mmol/1) as
with low glucose (p < 0.001). On increasing the concen-
tration of arginine from 20 to 40 mmol/1, there was a
slight increase in insulin secretion. Even so, this re-
sponse was only 25% of the maximal insulin secretory
response to glucose alone. When the medium contained
a low concentration of glucose (2.8 mmol/1) which by it-
self is not insulinogenic, the response to arginine
(20 mmol/1) was greatly enhanced. Doubling the argi-
nine concentration under these conditions produced a
slight but significant increase in insulin secretion (p <
0.05). When glucose (5.6 mmol/1) was present in the me-
dium, the secretory rates at both concentrations of argi-
nine were higher than in the presence of glucose
(2.8 mmol/1). When the islets were secreting substantial
quantities of insulin in the presence of higher concen-
trations of glucose, addition of arginine seemed to pro-
duce little, if any, increase in insulin secretion.

Discussion

After glucose, the most important insulin secretagogues
in most animals are amino-acids. Leucine and arginine
are of particular interest. In all species studied so far,
leucine has a ‘primary’ insulinogenic action (i.e. by it-
self and in the absence of other primary stimulants).
Leucine stimulated insulin secretion in pieces of rabbit
pancreas [4], pieces of rat pancreatic tissue [5] and in
perfused rat pancreas [6]. The present observations
show that, in monkeys also, leucine is a primary stimu-
lant, the effective stimulatory concentrations ranging
from 10 to 40 mmol/1. The response of monkey islets to
leucine in the present studies is comparable to that ob-
served by Grant et al. using isolated human islets [7].
There is a qualitative similarity between the monkey
and rodent islets in the response to leucine [8].

In the present studies as well as in other observa-
tions, the maximal insulin secretory capacity of primate
islets at high glucose concentration has seldom ex-
ceeded about 2ng - h™! - islet™! [9, 10]. Thus the maximal
observed response of monkey islets to leucine alone
1.41ng-h!-islet™") is approximately 60% of their max-
imal response to glucose. In the case of rodent islets the
maximum stimulation by leucine is only 20-30% of that
found for glucose [8]. Thus it would seem that primate
islets are relatively as sensitive to leucine as are rodent
islets.

Low glucose concentrations potentiated the leucine-
induced insulin release in rat pancreatic tissue [5], iso-
lated islets from obese hyperglycaemic mice [8], and
perfused rat pancreas [6]. Higher glucose concentra-
tions did not further enhance the rate of insulin secre-
tion induced by leucine. This is comparable with our
findings in monkey islets.

The observations on the action of arginine on mon-
key islets are of special interest. In pieces of rabbit pan-
creas [11], isolated rat islets [12] and micro-dissected is-
lets of obese hyperglycaemic mice [13], arginine has
been shown to be capable of releasing insulin only in
the presence of glucose, and not by itself. However, this
phenomenon was not observed by Hertelendy et al. [14]
in isolated sheep pancreas. In this species they found
that arginine could stimulate insulin secretion in the ab-
sence of glucose.

In the present studies arginine by itself (20 mmol/I)
stimulated the secretion of insulin to a small extent
(Table 2). There is a further slight but significant in-
crease in insulin secretion when the concentration of ar-
ginine was doubled. The effect of arginine (20 mmol/1)
is no more than that of leucine (10 mmol/1) which is it-
self less than the response to glucose (5.6 mmol/1). The
maximal insulin secretory rate induced by arginine is
only about 25% of the maximal response to glucose.
Thus it can be concluded that at high concentrations ar-
ginine is a poor primary stimulant in monkey islets.

In monkey islets the interaction between glucose
and arginine depends upon the concentration used.
Glucose at low concentrations (2.8 mmol/1) potentiates
arginine, is additive at physiological concentrations of
glucose (5.6 mmol/1) and there is no additive effect be-
tween these stimulants at higher concentrations.

We have described previously one peculiarity of iso-
lated monkey isltets, namely the low insulin secretory re-
sponse to glucose when compared with islets of smaller
laboratory animals. The present study shows a similar
small response to leucine and arginine even though
these are also primary insulinogenic stimulants in mon-
keys. However the relative sensitivity to amino-acids,
when compared with glucose, is similar in primates and
rodents.
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