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KIMBALL, C. D., M. IQBAL, J.-T. HUANG AND D. SUTTON. An opioid pancreatic peptide produces ileal muscle inhibition
and naloxone-reversible analgesia. PHARMACOL BIOCHEM BEHAV 38(4) 909-912, 1991. —The opioid activity of immunore-
active beta-endorphin-like peptide extracted from pork pancreas duplicates the effects of morphine and synthetic beta-endorphin
when measured by inhibition of isolated guinea pig ileal muscle response to electro-stimulation in vitro and by morphine-like anal-
gesia following intravenous injection in the mouse. These responses are reversed by the opiate antagonist naloxone, indicating that
a potent opioid mu receptor binding ligand is present in pancreatic extract. These findings imply a pancreatic source of plasma im-
munoreactive beta-endorphin that may explain a number of physiological and behavioral effects generally attributed to hypophyseal

beta-endorphin alone.

Pancreas Endorphin Opiates Analgesic agents

BETA-endorphin-like peptide was reported in extracts of human
pancreas by RIA using monoclonal antibody to synthetic human
beta-endorphin (2). This peptide was localized within islet of
Langerhans D, cells of rat, guinea pig and man by immunohis-
tochemistry (22). Immunoreactive beta-endorphin-like peptide which
displaced '*’I naloxone from rat brain opiate receptors in RRA
was extracted from pork pancreas and purified by HPLC in our
laboratory. Cerebroventricular injection of minute amounts of this
peptide produced tail-flick analgesia in mice (8).

We now report evidence of naloxone-reversible opioid activ-
ity of HPLC purified extracts from kilogram amounts of pork
pancreas that yielded sufficient material to demonstrate biological
characteristics when measured by the in vitro guinea pig ileal
muscle twitch inhibition test (13) and the mouse tail-flick test (3)
following intravenous injections.

METHOD

Beta-endorphin immunoreactive peptide (opioid pancreatic
peptide or OPP) was extracted from six kilograms of frozen pork
pancreas divided into two lots. The lots were ground, stirred in 3
volumes of —24°C acetone and centrifuged. The defatted resi-
dues (approximately 450 g from each lot) were stirred overnight
in 10 liters of 0.1 M HCI at 4°C and centrifuged at 11,000 X g for
20 minutes at 0°C. The two supernatants were combined.
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The acid extract (12.2 liters) was adjusted to pH 7.0 at room
temperature with 1.0 M Tris base and heated to 70°C for 20 min-
utes (to inactivate proteolytic enzymes) followed by cooling to
4°C and recentrifugation. The 11.3 liters of supernatant was con-
centrated by hollow fiber filtration to approximately 2 liters (ex-
cluding material less than 1000 mol.wt.), and freeze-dried to
yield 160 g of powder.

The freeze-dried powder was chromatographed in 0.01 M so-
dium acetate buffer (pH 4.5) on a G-25 Sephadex column. The
fractions were monitored for beta-endorphin reactivity by the New
England Nuclear Company RIA Kit and for protein by the Lowry
method (14). Reactive fractions were combined, freeze-dried,
dissolved in distilled water and applied to a Sephadex G-50 col-
umn which had been equilibrated with sodium acetate buffer (pH
4.5) and standardized with bovine serum albumin and cytochrome
C. The immunoreactive fractions eluting at the cytochrome C po-
sition were again assayed for beta-endorphin reactivity and pro-
tein, and then were freeze dried. This G-50 residue was dissolved
in 0.05 M ammonium phosphate (pH 4.5), centrifuged and ap-
plied to Perkin Elmer automated HPLC. Aliquots of 1 ml were
inserted on a 2.35x 25 cm C-18 column to a 3-60% linear gra-
dient of acetonitrile against ammonium phosphate. This separated
ten sequential homogeneous peaks during 45 minutes at a flow
rate of 10 ml/minute. The peak eluates were collected from the
HPLC, pooled, desalted on a G-25 Sephadex column in 1.2 M
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FIG. 1. lleal muscle response to opioid pancreatic peptide. (A) Opioid pancreatic peptide (OPP) 20
g (open arrow) added to 10 ml oxygenated Tyrode solution tissue bath inhibited the ileal muscie
response to pulsed 10-second electro-stimuli (50 V, 0.5 ms). Inhibition reversed (1) and blocked (2)
by addition of naloxone 0.2 g (dart). (B) Ileal muscle response, (1) to synthetic beta endorphin 20
pg (shaded arrow) and, (2) to OPP 10 ug (Y2 open arrow) added to tissue bath; inhibition reversed
by naloxone 0.2 pg. (C) Effect of morphine HCI 0.2 pg (solid arrow) followed by OPP 20 pg and

reversed by naloxone 0.2 pg.

acetic acid, freeze-dried, dissolved in 1 ml deionized water and
finally freeze-dried to approximately 700 g of powder. Repeti-
tion of this extraction process yielded approximately 800 pg of
powder.

Receptor Specificity

The opiate receptor binding effect on guinea pig ileum myen-
teric plexus was used to compare the effect of the pancreatic ex-
tract with morphine and synthetic beta-endorphin. Pieces of ileal
muscle (2.0 cm), taken 15 cm proximal to the caecum of a freshly
decapitated guinea pig, were suspended on a force transducer
(Grass FT03) and maintained at 1 g tension in 10 ml of 32°C
oxygenated Tyrode’s solution. Coaxial electrodes were positioned
to provide an electrical stimulation field across the muscle using
rectangular constant voltage pulses (50 V; 0.5 ms) presented at
10-second intervals throughout the testing procedure. Testing con-
sisted of adding prescribed amounts of each compound to the tis-
sue bath while recording continuously the effects on twitch
amplitude. Each test substance was followed at variable delays by
introduction of naloxone to the tissue bath. New trials were pre-
ceded by multiple washouts with Tyrode’s solution.

Analgesia

Sixteen Swiss-Webster mice (26-30 g) were utilized. Each
animal was tested individually. The tail-flick latency response to
a high intensity light beam focused on an ink-blackened spot lo-
cated at midlength along the tail was recorded electronically on a
custom-built tail-flick latency timing device that automatically
terminated heat stimulation after ten seconds to avoid tissue in-
jury. Five control trials at 2-minute intervals provided baseline

latency data. Following the fifth control trial, nine animals were
given tail vein injections of approximately 75 pg of the purified
pancreatic extract dissolved in sterile water (0.1 cc). Four addi-
tional animals received 0.1 cc sterile water containing no peptide.
All animals in each group then underwent five subsequent test
trials, which recurred on a two-minute intertrial interval schedule.
OPP recipients were then given 160 pg naloxone IV ten minutes
after receiving OPP, and five additional tests of tail flick were
recorded. Three animals were given 150 pg morphine IV for
comparison with effects of OPP.

RESULTS
Experiment 1. lleal Myenteric Plexus Response

Profound suppression of ileum contraction occurred following
application of OPP [Fig. 1A, B(2)], synthetic beta-endorphin (Fig.
1B), and morphine (Fig. 1C). All three substances yielded simi-
lar response patterns. At similar dose levels of OPP and synthetic
beta-endorphin (20 pg), twitch magnitudes were reduced to ap-
proximately 12—-15% of control values within 40—-60 seconds. OPP
at a reduced dosage (10 p.g) exerted an effect similar to 20 pg
synthetic beta-endorphin (Fig. 1B). The initial twitch reduction
was maintained for 40-80 seconds, followed by a slight recovery
to approximately 25-30% of control with no further change.
Naloxone (0.2 pg) in each case resulted in recovery of baseline
twitch performance within 30-90 seconds. Further, naloxone ad-
ministered prior to OPP blocked the opioid response (Fig. 1A;
dart 2). These data were subsequently reproduced on a second
muscle strip preparation.

Experiment II. Analgesic Effect: Tail-Flick Response

The mean response latency for the control trials was 3.85 s.
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FIG. 2. Tail-flick response to opioid pancreatic peptide and morphine.
(A) Open circles: Preinjection tail-flick response times of Swiss-Webster
mice (22-25 g) to 5 exposures to radiant heat at 2 minute intervals, N=16.
Solid circles: Tail-flick latency of mice injected in tail vein with 0.1 ml
normal saline, N=6, Squares: Tail-flick latency of mice given opioid
pancreatic peptide (OPP, approx.) 75 g in tail vein exceeds automatic
10-second heat cut off, N=10. Triangles: Tail-flick latency of mice given
IV naloxone 160 pg 5-30 minutes subsequent to OPP injections, N=10.
(B) Open circles: Mean of 5 preinjection tail-flick latency trials, N=7.
Solid circles: Tail-flick latency following IV N. saline 0.1 ml, N=4.
Squares: Tail-flick latency after IV morphine HCl 150 pg exceeds auto-
matic 10-second heat cutoff, N =3. Triangles: Mean tail-flick response to
naloxone 160 pg tail vein injection, N=3.

All nine animals receiving IV OPP (approximately 75 wg) exhib-
ited no tail-flick response to heat stimulation at the first postin-
jection test. The record reflects latencies in excess of 10 s to this
and each of four subsequent exposures to the test stimulus (Fig.
2A). No overt tail flick was detected from any animal injected
with OPP within the ten seconds maximum exposure time.
Upon completion of the five consecutive test trials following
OPP injection, the mice were injected with 0.16 pg naloxone
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(again into the tail vein), and the tail-flick latency trials were
continued, resulting in prompt restoration of normal response to
the heat stimulus (mean latency: 5.40 s). Four animals subject to
control injection (normal saline) exhibited no change from base-
line response values (Fig. 2A). Tail-flick testing with three mice
that received 150 pg morphine IV yielded typical response sup-
pression which was reversed by administration of naloxone
(Fig. 2B).

DISCUSSION

These data demonstrate that OPP 1) binds opiate receptors, 2)
competes for binding sites with naloxone, 3) paralyzes ileal mus-
cle, and 4) produces analgesia following intravenous injection.
The report (1) of naloxone-reversible analgesic effects of ingested
sucrose on infant rats subjected to hot plate stimulation and sep-
aration distress also may be related to OPP hormone released with
sucrose-evoked insulin. The recent report (16) of immunoreactive
beta-endorphin-like peptide with similar Sephadex G-25 elution
profile extracted from eel pancreas acetone powder suggests some
ubiquity and conservation of OPP in species. The elution profiles
of RIA reactivity in pancreatic extracts on Sephadex G-50 col-
umns standardized with synthetic human beta-endorphin and ba-
citracin indicated by previously published (8) and unreported data
that the immunoreactive eluates are larger than synthetic beta-en-
dorphin. On the Sephadex G-50 column standardized by bovine
serum albumin and cytochrome C, the immunoreactive OPP herein
reported appeared to be about 14,000 daltons in comparison with
3,450 daltons for human beta-endorphin, indicating these are dif-
ferent peptides. The G-25 elution profile of placental beta-endor-
phin-like peptide (9) also showed a molecular size significantly
larger than synthetic human beta-endorphin.

The naloxone reversible analgesic effects of intravenous OPP
in the mouse tail-flick test for analgesia is congruent with similar
findings reported (20) by Tseng et al. The binding site appears to
be the naloxone and morphine sensitive central receptors, although
spinal and somatic sites cannot be ruled out.

The beta-endorphin antiserum in the RIA kit from the New
England Nuclear Laboratory, used throughout our studies, does
not react significantly with Met- or Leu-enkephalin or alpha-en-
dorphin, but cross reacts approximately 50% with beta-lipotropin,
indicating recognition of the c-terminus of the OPP beta-endor-
phin-like peptide.

In addition to the manifest analgesic and ileal muscle data, the
conjecture that pancreatic islet D, cells reported by Watkins, Bruni
and Yen (22) may be a source of plasma immunoreactive beta-
endorphin can be supported by other reports linking it with islet
cell function (4), insulin and glucagon secretion (18), obesity
(type-2) diabetes (6), the influence of synthetic beta-endorphin,
opiates and naloxone on appetite satiety and feeding behavior (15),
the analgesic effects of sucrose ingestion on rat pups (1), and the
common use of sucrose sugar tits to comfort human infants un-
der circumcision, reinforcement of breast feeding (5), reward
conditioned behavior (11,19), place preference and drug addic-
tion (7, 10, 23).

Further investigation of this pancreatic opiate receptor ligand
is necessary and in progress to determine the molecular structure
and its possible clinical potential in obesity, diabetes, and drug-
seeking behavior.
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