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The studies of Floyd et al. (1) have estab-
lished that administration of several natural
amino acids increases the circulating levels of
insulin in man. The magnitude of the in-
creases in plasma insulin varied with the in-
dividual amino acid tested while a synergistic
effect was evidenced in vivo for some amino
acid pairs but not for others (2). A direct
stimulatory effect of amino acids on insulin
release in vitro, first demonstrated for leucine
and arginine (3, 4), has been confirmed for
other natural amino acids (5-8). Again, large
differences in the effectiveness of different
amino acids were observed.

The mechanism(s) by which amino acids
stimulate B cells to release insulin remain(s)
unknown. It has, however, been suggested
that amino acids themselves rather than their
metabolites are involved in this action (9,
10) and that different stimulatory mechan-
isms may exist for different amino acids
(11). Recently, Christensen and Cullen (12)
have shown that a nonmetabolized but
transported amino acid analogue, 2-aminobi-
cyclo|2,2,1]heptane-2-carboxylic acid (BCH)
lowered the blood sugar and raised plasma
insulin when injected into normal or tol-
butamide pretreated rats. These results re-
ceived preliminary confirmation in wvive in
the dog (13) and in vitro in the fetal rat
pancreas where it was suggested that BCH
and another nonmetabolized amino acid ana-
logue, a-aminoisobutyric acid (AIB) directly
stimulated insulin release in the absence of
exogenous substrate (14).

The present studies were undertaken to

1 This work was supported in part by the Fonds
National Suisse de la Recherche Scientifique (Grants
4848.3 and 3.154.69), Berne, Switzerland.

establish the effect of AIB and BCH on in-
sulin release in vitro from a preparation of
cultured fetal rat pancreas. AIB uptake by
the same preparation was also measured. It
was found that both AIB-induced insulin re-
lease and AIB uptake were modified in the
same direction by changing experimental con-
ditions, therefore suggesting a relationship
between the two phenomena.

Materials and Methods. Fetal rat pan-
creases were explanted on day 18 of gestation
and cultured over 4 days as described previ-
ously (8, 15). The explants were then washed
and incubated for 15 min at 37° in a
Krebs-Ringer bicarbonate buffer (pH 7.4)
containing 2% bovine serum albumin
(KRB). They were subsequently incubated
for 2 hr at 37° in fresh KRB containing
BCH or AIB with or without caffeine and
glucose. The osmolarity of the incubation
medium was kept constant by decreasing iso-
osmotically the NaCl concentration. At the
end of the incubation, the explants were
blotted and weighed and the immunoreactive
insulin (IRI) released into the medium was
measured by a double antibody assay (16).
The results were expressed as microunits
(pU) rat IRI released per milligram of wet
tissue weight per 2-hr incubation. For the
study of AIB uptake, the explants were in-
cubated as described above in a medium
containing 20 mM “H-labeled AIB (25
pCi/ml). The incubation vials were then
immediately placed in a water bath at 4°.
After removal of the medium, the explants
were quickly washed 4 times with a cold
Tyrode’s solution containing no albumin but
supplemented with 20 mM unlabeled AIB.
The explants were again blotted, weighed,
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Fic. 1. Effect of AIB alone (O--) or together
with 10 mM caffeine (®) on IRI release from
cultured fetal rat pancreas during a 2-hr incubation
period. Each point represents the mean of 12 obser-
vations + SEM.

and sonicated to complete tissue disruption in
1 ml of water. The radioactivity was mea-
sured in a 0.1-ml aliquot of this medium after
mixing in 10 ml scintillation fluid (17). Pro-
tein was measured in another aliquot of the
same medium (18). The results were ex-
pressed as disintegrations per minute per mi-
crogram of tissue protein and as distribution
ratios (on a water basis), i.e., the ratios
(dpm/ul of tissue water):(dpm/ul of incu-
bation medium). AIB and *H-AIB (sp act
1.29 Ci/mmole) were from Sigma, St. Louis,
Missouri, and from the Radiochemical Cen-
tre, Amersham, England, respectively. One
ATB sample was synthesized and purified by
H.N.C. and results with it did not differ from
those obtained with purchased AIB. BCH
was an unresolved preparation containing a
mixture of 2 isomers: 929% b-BCH and 8%
a-BCH, each of them being a pL mixture.

Results. As shown in Fig. 1, AIB alone, at
concentrations ranging from 10 to 80 mM,
did not modify basal IRI release from cul-
tured fetal explants. In the presence of 10
mM caffeine, an agent which favors cyclic
AMP accumulation in several tissues by in-
hibiting phosphodiesterase (19), 5 mM AIB
had similarly no effect, while at concentra-
tions equal to or higher than 10 mM, it
significantly enhanced -caffeine-induced IRI
output roughly in proportion to its concentra-
tion, and this in the absence of any ex-

AMINO ACID ANALOGUES AND INSULIN RELEASE

ogenous metabolisable substrate. Moreover,
the addition of 20 mM AIB to the incubation
medium markedly enhanced glucose-induced
IRI release as a function of glucose concen-
tration from 2.75 to 22 mM (Fig. 2). This
enhancing effect was inhibited approximately
50% in the presence of 1 ug/ml oligomycin,
an agent interfering with oxidative phos-
phorylation (20), and was almost completely
abolished when the incubation was performed
at 4° (Fig. 2).

In a second group of experiments, AIB
uptake was measured during a 2-hr incu-
bation period. The results of these experi-
ments are summarized in Table I. A signifi-
cant uptake of *H-AIB by cultured fetal pan-
creas was observed in the presence of 20 mM
AIB alone. This uptake was approximately
doubled when the explants were incubated in
a medium supplemented with 16.5 mM glu-
cose. The enhancing effect of glucose was
strongly inhibited by oligomycin (1 pg/ml).
When expressed as distribution ratios, these
data indicated that, at 37°, AIB was concen-
trated in fetal pancreatic cells by a factor of
2.5 to 5. The small amount of radioactivity
found in these cells at a low temperature may
be accounted for by passive diffusion. Auto-
radiographic studies combined with phase-
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F1c. 2. Effect of glucose alone (O--) or together
with 20 mM AIB (@) on IRI release from cultured
fetal rat pancreas during a 2-hr incubation peri-
od; (A) 16.5 mM glucose + 20 mM AIB + oligomy-
cin (1 pg/ml); (A) 16.5 mM glucose + 20 mM
AIB, incubation performed at 4°. Each point rep-
resents the mean of 12 observations == SEM.
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TABLE I. Uptake and Distribution Ratios of *H-AIB in Cultured Fetal Explants Incubated
for 2 hr in the Presence of 20 mM *H-AIB.*

Temp of in- *H-AIB uptake Distribution ratio
Additions cubation (°) (dpm/ug of protein) (on a water basis)
None 37 1004 + 84 2.66 + 0.34
Glucose, 16.5 mM 37 1926 -+ 140° 4.87 + 0.20°
- oligomyein, 1 yg/ml 37 1275 = 93¢ 3.32 # 0.30°
Glucose, 16.5 mM 4 178 + 13 0.45 + 0.10%¢

¢ Results expressed as mean of six observations + SEM,
b Significance of differences from the explants incubated with 20 mM *H-AIB at 37°,

p < 0.001.

¢ Significance of differcuces from the explants incubated with 20 mM *H-AIB and 16.5 mM

glucose at 37°: p < 0.01; ¢ p < 0.001.

contrast microscopy performed during these
experiments have provided morphological evi-
dence for the accumulation of radioactivity
in the endocrine pancreas of explants incu-
bated at 37° with SH-AIB and 16.5 mM
glucose. Such accumulation was not observed
at 4° (data not shown).

At a concentration of 5 mM, BCH did not
significantly stimulate TRI release from cul-
tured explants (Fig. 3) nor did it enhance
the effect of 11 mM glucose (16.6 = 4.0
versus 13.1 = 2.3 pU/mg/2 hr for glucose
alone; #» = 6). By contrast, 5 mM BCH
significantly enhanced the IRI release in-
duced by caffeine (Fig. 3). In the presence of
caffeine, 10 and 20 m3{ BCH were not more
effective than 5 ma/.

Discussion. The present results, confirming
and extending previous studies from this
and other laboratories (12-14) indicate that
two nonmetabolized amino acid analogues
stimulated IRI release from fetal explants in
vitro. It would seem, therefore, that the me-
tabolism of natural amino acids is not the
only process by which they may stimulate
insulin release. The presence of caffeine
markedly enhanced the insulin-re'easing ca-
pacity of AIB and BCH, being necessary for
the latter, in a manner similar to that ob-
served with glucose and most of the natural
amino acids (8, 21). These data are in agree-
ment with the hypothesis that cyclic AMP is
involved in insulin release mechanisms from
cultured fetal pancreas. Of particular interest
was the observation that AIB stimulated
IRI output not only in the presence of

caffeine, but also in its absence, provided that
glucose was added to the incubation medi-
um. Insulin release is an energy-requiring
process. This energy might be supplied by an
exogenous substrate, such as glucose or by
endogenous energy stores, when caffeine is
used, possibly as a result of enhanced gly-
cogenolysis.

These experiments have demonstrated that
fetal B-cells accumulate AIB, supporting the
observation that AIB accumulates in whole
islets of adult obese hyperglycemic mice
(22). This accumulation was enhanced in
cultured explants by glucose and inhibited by
agents or conditions interfering with cell
metabolism, suggesting the existence of ener-
gy-dependent transport mechanisms for ami-
no acids in the B-cell membrane. The fact
that BCH and AIB stimulated IRT release
under different conditions might be related to
differences in transport - mechanisms by
which these amino acids enter the cells. In-
deed, BCH is known to be transported in
Ehrlich cells by the Nat-independent L sys-
tem (23), whereas AIB is transported in the
same cells by the Nat-dependent 4 system
(24).

When considering the effect of natural ami-
no acids, two major possibilities for the initi-
ation of insulin release are present, namely
the effects of these agents on cell membranes,
presumably related to their mode of trans-
port, and their metabolic activity as sub-
strates. With ATB and BCH, only the former
should be involved. That AIB but not BCH
enhances glucose-mediated IRI release sug-



380

o
o
r

o
o
1

1
A

: I

5 10 20
BCH concentration (mM)

IRI release (uU/mg/2 hrs)

N
o
e

Fic. 3. Effect of BCH in the presence of 10 mM
caffeine but in the absence of glucose (open
columns) on IRI release from cultured fetal rat
pancreas during a 2-hr incubation period; (black
columns) incubation performed in the absence of
caffeine and glucose. Each column represents the
mean of 12 observations + SEM.

gests that the transport system for AIB, but
not that for BCH, may be linked to other
processes, possibly changes in ionic fluxes
(25), which, in turn, may stimulate IRI re-
lease (26). The existence on the B-cell mem-
brane of several selective transport mechan-
isms for amino acids similar to those de-
scribed in the Ehrlich cell (24) might explain
the differences in the ability of various natu-
ral amino acids to promote insulin release.
Indeed, it was found in vive (1) and in vitro
(8) that the most potent amino acids were
basic amino acids, such as lysine and argin-
ine. Neutral amino acids transported by the
A system, such as alanine and threonine,
were somewhat less effective; whereas the
least effective were neutral amino acids trans-
ported by the L system (leucine, phenylalan-
ine, and histidine). These transport mechan-
isms might also explain the synergistic effect
of amino acid pairs (2) transported by differ-
ent mechanisms. However, the activity of
such transport sites does not appear sufficient
in itself, at least in our preparation, to pro-
mote IRIT release, since a significant AIB
uptake was found in the presence of AIB
alone even though IRT release was not stimu-
lated.

In conclusion, the results of the present
studies suggest that the stimulation of insulin
release by amino acids in our preparation
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depends on the combined action of at least
two components: (i) the metabolic activity
of the B cell supplied either exogenously (by
glucose or amino acids) or endogenously;
and (ii) the activity of receptor sites which
may well prove to be transport sites.

Summary. Two nonmetabolized amino acid
analogues, a-aminoisobutyric acid (AIB)
and  2-aminobicyclo|2,2,1|heptane-2-carbox-
vlic acid (BCH) stimulated immunoreactive
insulin (IRI) release from cultured fetal rat
pancreas incubated in vitro. AIB was effec-
tive in the presence of either caffeine or glu-
cose; whereas BCH was only active in the
presence of the methylxanthine. AIB-induced
IRT release together with glucose was inhib-
ited by oligomycin or incubation at a low
temperature. The uptake of *H-AIB was
demonstrated in this preparation. With chang-
ing experimental conditions, IRI release in-
duced by AIB paralleled changes in AIB
uptake (i.e., its active transport). The results
suggest the existence of a relationship be-
tween the two phenomena.
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