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Summary

To determine the effects of methionine-enkephalin on secretion of pancreatic hormones, five healthy
male adults were intramuscularly given 0.5 mg of FK 33-824, a methionine-enkephalin analog and blood
levels of pancreatic hormones were measured at different time intervals.

FK 33-824 significantly lowered basal levels of plasma insulin (IRI) and pancreatic polypeptide and de-
creased IRI secretion in 75g-OGT'T. It also delayed the elevation of blood sugar level in 75g-OGTT. No
change occurred in the basal levels of plasma glucagon, somatostatin and blood sugar. These results
imply that methionine-enkephalin in the pancreas and alimentary tract may act as an inhibitor on the
secretion of insulin and pancreatic polypeptide and hence relates to the absorption of sugar.
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Introduction

Recent studies!-® revealed the presence of
methionine-enkephalin  (M-enk), leucine-
enkephalin (L-enk) and peptides derived from
prepro-enkephalin? in the alimentary tract, in-
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cluding the pancreas.

To elucidate the influence of these peptides
on the secretion of the pancreatic hormones,
we gave FK 33-82410-12) (FK), M-enk analog,
0.5 mg intramuscularly to healthy male adults
and assessed blood levels of pancreatic hor-
mones by radioimmunoassay.

Subjects and Methods

Five healthy Japanese men aged 24.8 + 2.4
years (mean * SD) volunteered to act as the
subjects of this study.

These b individual took nothing orally after
9:00 p.m. and remained in bed. A heparinized
cannula was inserted into the elbow vein for
blood sampling at 9:00 a.m. the following
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morning. Blood samples were withdrawn at
—15 min. and immediately before the intra-
muscular administration of FK 0.5 mg in phys-
iological saline 1 ml, or the latter only, fol-
lowed by blood sampling at 30, 60, 90, 120,
150, and 180 min. Under the same conditions,
75 g-OGTT was performed after 30 min. of FK
i.m. and without treatment, in the same sub-
jects. Blood samples were taken at —30 min.,
just before FK i.m., and the samples at 0 min.
were withdrawn at 30 min. after the intramus-
cular administration of FK, and 75 g-glucoses
were then immediately given orally. Blood
samples were then taken at 15, 30, 60, 90, and
120 min. after ingestion of glucose. All blood
samples were taken in ice-chilled tubes contain-
ing EDTA 2Na (EDTA 2Na 1 mg/blood 1 ml)
and were immediately chilled in ice before the
centrifugation at 4°C. The centrifugal plasma
was frozen at —40°C until the radioimmunoas-
say (RIA).

Plasma insulin (IRI) was determined using
commercially available RIA kits (Dainabot-
Radioisotope Lab. Ltd., Tokyo, Japan). The
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minimum sensitive level was 5 yU/ml, with
interassay variance at 7.9% and intra-assay
variance at 7.2%. Plasma glucagon (IRG) was
determined using the RIA-kit from Daiichi
Radioisotope Lab. Ltd., Tokyo, Japan and
which involved use of the antibody (OAL-123)
specific to pancreatic glucagon. The minimum
sensitive level was 15.6 pg/ml and the interas-
say variance and intra-assay variance were
3.6% and 5.3%, respectively. Plasma pancre-
atic polypeptide (PP) was measured by a
double antibody RIAI!3), Labelled !25I-bovine
PP was prepared by the lactoperoxidase
method. Human PP for the standard, and the
rabbit human PP antiserum were a gift from
Dr. R.E. Chance (Eli Lilly Co., Indianapolis,
Indiana). The sensitivity of this assay was 2.5
pg/tube, interassay variance was 12% and
intra-assay variance was 8%. Plasma somato-
statin (SLI) was measured by RIA modified
from Kronheim’s methods!9. Rabbit anti-
somatostatin 14-hemocyanin (1382) (final dilu-
tion, 1:40,000) and !25I-Tyrl-somatostatin 14
(Protein Research Foundation, Osaka, Japan)

Table 1. Changes of pancreatic hormones, insulin, glucagon, pancreatic polypeptide, somatostatin and blood
sugar by FK 33-824 (a) or physiological saline (b) injection in healthy Japanese men

a n=5 M=SE

time (min) -15 0 30 60 90 120 150 180
IRI (4U/ml) 12.3x 1.6 11.5= 1.2 5.7+ 1.5 5.1 1.5 6.6 2.2 5.6 1.6 7.3+ 2.2 8.5+ 2.1
IRG (pg/ml) 120 22 104 =94 108 =x11.6 103 =%11.2 112 =183 107 =18.8 109 =*16.5 108 *15.6
PP (pg/ml) 72.2+ 8.8 79 +13.1 42.2+ 8.3 41.8% 4.6 31.8+ 4.2 33.8+ 5.8 36.4+ 4.9 32.6+ 2.7
SLI (pg/ml) 31.4x 2.3 31.4+ 1.7 30.0+ 1.1 30.8% 2.7 32.2x 2.8 30.6+ 2.8 28.6+ 1.3 30.8+ 1.7
BS (mg/dl) 84.8%+ 4.9 76.6x 3.2 84.2+ 3.4 78.2% 5.1 86.6x 5.9 85 =+ 5.4 89 + 1.6 88 + 25
b n=5 M+SE

time (min) -15 0 30 60 90 120 150 180
IRI (¢U/ml) 8.6x 1.9 7.6+ 1.6 7.1+ 1.3 7.1 1.6 9.6+ 2.2 7.3x 1.4 8.2+ 1.4 6.6+ 2.1
IRG (pg/ml) 119 =%19.2 127 =24 110 *16.4 108 =18 100 %21.3 115 +20.3 113.5%16.5 95.6+18.3
PP (pg/ml) 43 * 4.4 38 *+ 5.6 56 *12.6 57x12 52 + 8.0 54 =+ 9.2 57 +19.2 37 %52
SLI (pg/ml) 30.6x 5.6 32.8+ 3.0 29.6+ 1.8 29.2+ 2.6 27.8% 2.3 314 4.0 29.6+ 2.7 28.8+ 2.9
BS (mg/dl) 88 x 55 92,4+ 4.6 85.2+ 2.0 81.8% 5.5 86.8x 6.0 93.6+ 2.7 84.6+ 2.6 90 = 1.8

Values are means + SEM. We gave FK 33-824 0.5 mg (a) or physiological saline (b) intramuscularly to healthy men (n=5) after blood
sampling at —15 and 0 min., and then obtained more blood samples at 30, 60, 90, 120, 150 and 180 min.
Abbreviations: IRIinsulin, IRG glucagon, pp pancreatic polypeptide, SLI somatostatin, BS blood sugar.
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Fig. 1. Changes of insulin, taking the value at 0 min. as 100%, by FK 33-824 0.5mg i.m. injection
(I——E) (mean + SE) (FK 33-824 group) (n=5) and physiological saline 1 ml i.m. injection (§——§)
(mean % SE) (control group) (n=5). Insulin levels significantly decreased in the FK 33-824 group
at 30, 60, 90, 120 and 150 min. % indicates P<0.05 and ¥ ¥ indicates P<0.01 significant.
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Fig. 2. Changes in the pancreatic polypeptide, taking the value at 0 min. as 100%, by FK 33-824 0.5 mg
im. (i—i) (mean * SE) (FK 33-824 group) (n=5) and physiological saline 1ml i.m. (§—§)
(mean * SE) (control group) (n=5). Pancreatic polypeptide significantly decreased in the FK 33-
824 group at 30, 60, 90, 120, 150 and 180 min. + indicates P<0.05 and s+ indicates P<0.01 sig-
nificant.
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were used as standards. The sensitivity of this
assay was 15.6 pg/ml, interassay variance was
12% and intra-assay variance was 12%. In the
statistical analysis, all data were presented in
percent change + SE taking the basal value as
100%. Significant differences were calculated
by Student’s t-test.

Results

Plasma IRI decreased from the basal value
11.5 = 1.2 (mean * SE) uU/ml to 5.1 = 1.5
(mean = SE) yU/ml at 60 min. after the intra-
muscular injection of FK 0.5 mg. Plasma PP
also decreased from the basal value 79 * 13.1
(mean =+ SE) pg/ml to 31.8 + 4.2 (mean = SE)
pg/ml at 90 min. after FK 0.5 mg i.m. injec-
tion (Table 1).

Glucagon
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On the other hand, plasma IRG, SLI and
blood sugar (BS) remained unchanged after
intramuscular administration of FK 0.5 mg.
Comparing these parameters with the control
values, taking the value at 0 min. as 100%, IRI
significantly decreased in the FK i.m. group at
30, 60, 90, 120 and 150 min. (Fig. 1), and PP
at 30, 60, 90, 120, 150 and 180 min. (Fig. 2).
No significant difference was observed between
the FK i.m. group and the control group, with
regard to the levels of IRG, SLI and BS (Fig.
3). To examine the influence of FK on the
secretion of IRI, as induced by 75 g-OGTT, 75
g-OGTT was performed in two ways, i.e., pre-
treatment with FK 0.5 mg i.m. at 30 min. in
advance of 75 g-OGTT, and without pretreat-
ment. IRI and BS responses in both groups
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Fig. 3. Changes in glucagon, somatostatin and blood sugar, taking the value at 0 min. as 100%, by FK
33-824 0.5 mg i.m. (i——i) (mean *+ SE) (FK 33-824 group) (n=5) and physiological saline 1 ml
i.m. (§——§_) (mean * SE) (control group) (n=5). Glucagon, somatostatin and blood sugar in the
FK 33-824 group remained unchanged, in comparison to the control group.
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Table 2. Changes in insulin and blood sugar induced by 75 g-OGTT in healthy men
n=4 M*+SE
Time (min) -30 0 15 30 60 90 120
IRI (uU/ml) 16.5 9.0 17.0 32.6 29.7 26.0 44.8
(FK+75g OGTT) +1.2 +0.8 + 1.5 + 6.6 + 2.6 + 4.0 +11.8
IRI (uU/ml) 13.3 12.6 37.0 48.5 49.3 43.8 40.8
(75g OGTT) *3.1 #3.2 *12.9 +95 + 43 + 6.3 + 44
BS (mg/dl) 97.5 97.8 104 130.5 119 111 125.8
(FK+75g OGTT) +3.9 +3.4 + 5.9 *11.4 *10.6 +12.4 + 8.8
BS (mg/dl) 85.8 88.5 114 147.8 127.8 105.5 111.3
(755 OGTT) +3.3 +2.4 *17.5 +21.7 + 9.9 + 5.1 + 85

Values are means = SEM. (FK + 75 g-OGTT) indicates 75 g-OGTT with pretreatment of FK 33-824 intramuscu-
larly to healthy men (n=4) i.e., we gave FK 33-824 0.5 mg intramuscularly after blood sampling at =30 min. and
obtained blood samples at 0 min. at 30 min. after FK injection, then gave orally 75 g-glucose. Blood samples were
then obtained at 15, 30, 60, 90 and 120 min. after this oral glucose intake. (75 g-OGTT) indicates 75 g-OGTT
with pretreatment of physiological saline 1 ml instead of FK 33-824 intramuscularly. Blood samples were obtained

at the same time course as in case of (FK + 75 g-OGTT).
Abbreviations: IRI, insulin, BS, blood sugar.
75g OGTT: 75 g-oral glucose tolerance test.

were then compared (Table 2). Changes in IRI
and BS levels are presented as percentages
(mean = SE), taking the respective value at —30
min. as 100% (Fig. 4-a, b). IRI secretion after
the pretreatment with FK showed significant
decreases compared with the control at 0, 15,
30, 60 and 90 min. after the oral intake of 75 g
glucose (Fig. 4-a). Elevation of BS levels after
75 g-OGTT also showed a tendency toward in-
hibition (Fig. 4-b).

Discussion

The exact localization of enkephalin in the
pancreas has not been established, although
the presence of M-enk in this organ has been
identifiedV). Forssmann et al. (1977)? reported
the presence of enkephalin in pancreatic Lan-
gerhans islet cells, while Larsson (1979)% stated
that M-enk was present in the ganglia and not
in the pancreatic Langerhans islet cells.

We found a marked decrease in blood IRI
levels and an inhibition of IRI secretion of 75 g-
OGTT after the intramuscular administration
of FK 0.5 mg to healthy volunteers. Depressive
effects of FK on the basal level of IRI was

thought to be its direct effect in Langerhans
islet cells, because the basal level of BS did not
change at all. The inhibition of IRI secretion of
75 g-OGTT after the injection of FK was also
thought to be the direct effect of FK. However,
because FK injection suppressed BS increase in
75 g-OGTT and the index of AIRI/ABS indi-
cated 0.73 £ 0.11 (mean = SE) in 75 g-OGTT
or 0.78 = 0.09 (mean * SE) in FK + 75 g-
OGTT, the possibility that the inhibition of
IRI secretion of 75 g-OGTT after FK injection
was caused by the suppression of BS increased
in 75 g-OGTT after FK injection could not be
denied. Kanter et al. (1980)!® investigated the
effect of M-enk on the secretion of IRI and IRG
using pancreatic islet cultured cells of rats and
reported that M-enk showed a dose-dependent
inhibition of IRI and IRG secretion, in concen-
tration ranges from 10-8M to 10 -6 M. Ogiso et
al. (1983)'® also found that FK directly in-
hibited IRI secretion in incubation experi-
ments of isolated pancreatic Langerhans islet
cells of rat at concentrations between 10-8M
and 10-4M. This effect was counteracted by
naloxone. According to Pozo et al. (1980)12),
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Fig. 4. a: Changes of insulin, taking the value at —30 min. as 100%, in 75 g-OGTT with pretreatment

of FK 33-824 0.5 mg i.m. (E———i) (mean =+ SE) (FK + 75 g-OGTT group) (n=4) and with pretreat-
ment of physiological saline 1 ml i.m. (§——§) (mean * SE) (75g-OGTT group ) (n=4). Insulin
secretion by 75 g-OGTT significantly decreased in the FK + 75 g-OGTT group at 0, 15, 30, 60 and
90 min. % indicates P<0.05 and ¥+ indicates P<0.01 significant.
b: Changes in blood sugar, taking the value at —30 min. as 100%, in the same tests FK + 75 g-
OGTT (i——i) (mean * SE) (n=4) and 75g-OGTT (§—§) (mean * SE) (n=4). Blood sugar
elevation by 75 g-OGTT tended to decrease in the FK + 75 g-OGTT group, in comparison to data
on the control group.

plasma FK concentration after 0.5 mg i.m. is  centration of 2.32 X 10-8M. The half life in
about 13 ng/ml and 14 ng/ml after 30 and 90 the plasma is about 3 hours. Thus, our present
min. respectively, the latter representing a con- in vivo results agreed with the in vitro data of
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Kanter et al. (1983)15) and FK seems to directly
inhibit the IRI secretion from B cells in
Langerhans islets. However, potential indirect
action via other neurons, such as paracrine
action by other hormones and anticholinergic
action observed with opiates including FK, was
not ruled out.

Chiba et al. (1980)!7 reported that M-enk in
the concentration range between 10-8M and
10-¢M dose dependently inhibited SLI secre-
tion in a perfusion study in the rat stomach. In
the present study, the plasma SLI did not
fluctuate. Nevertheless, the pancreatic SLI
level does not precisely represent the plasma
SLI level, even though the latter does depend
on the SLIin the gut and pancreas. As for plas-
ma pancreatic glucagon, IRG did not fluctuate
after the intramuscular administration of FK
0.5 mg, thereby suggesting that FK has little in-
fluence on IRG secretion.

Effects of FK on PP secretion were studied by
Materia et al. (1981)!® in an #n vivo study in
dogs. They found that the PP secretion in-
duced by bombesin was inhibited by M-enk via
a specific receptor. Our present zr vvo clinical
results showed that plasma PP values decreased
after FK i.m. These results were supported by
those of Materia et al. (1981)8). It is also
known that the secretion of PP is inhibited by a
cholinergic antagonist atropine!®), and since
opiates inhibit the secretion of acetylcholine
from cholinergic nerves20.2)), it is assumed that
the inhibition of PP secretion by FK is due to
this action.

Concerning the effect on blood sugar level,
Stubbs et al. (1978)22 reported that FK slightly
lowered the blood sugar level. We found no
changes in basal blood glucose levels after FK
administration. 75 g-OGTT with pretreatment
of FK i.m. demonstrated the inhibition of the
increase in BS level at 15, 30 and 60 min., and
a re-increase of BS at 120 min. was observed.
M-enk inhibits the firing of neurons?®), and

Vol. 20, No. 8

consequently there is a disturbance in the con-
striction of gut. The malabsorption of glucose
from the gut may cause delayed increases in
blood sugar. In this connection, fluctuation of
other hormones in the gut, especially motilin,
should be investigated. Finally Ipp et al.
(1978)29 and Feldman et al. (1983)25 reported
that f-endorphin accelerated the secretion of
IRI and IRG in pancreatic perfusion systems
and in healthy males. These findings are com-
pletely different from our present results with
FK, a M-enk analogue, especially in relation to
IRI secretion. It has been reported that recep-
tors of f-endorphin and M-enk are different23),
and this probably supports our present results.
It is also known that M-enk mainly acts on J-
receptors while FK acts not only on d-receptors
but also on u-receptors?®). Thus, although FK
and M-enk do not always show the same effect,
FK can probably serve as a model for the analy-
sis of the effects of M-enk on the secretion of
pancreatic hormones.
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