Pharmacology Biochemistry & Behavior, Vol. 25, pp. 967-972, 1986. © Ankho International Inc. Printed in the U.S.A.

0091-3057/86 $3.00 + .00

Involvement of Endogenous Opioid
Peptides in Fenfluramine Anorexia

NATHER H. MAJEED.' WLADYSLAW LLASON, BARBARA PRZEWVL.OCKA
AND RYSZARD PRZEWLOCKI?

Institute of Pharmacology, Polish Academy of Sciences, 12 Smetna Street, 31-343 Krakow, Poland

Received 24 March 1986

MAIJEED. N. H.. W. LASON. B. PRZEWLOCKA AND R. PRZEWLOCKI. Involvement of endogenous opioid peptides
in fenfluramine anorexia. PHARMACOL BIOCHEM BEHAV 25(5) 967-972. 1986.—The effect of chronic fenfluramine
(20 mg/kg, once daily) injections on the brain and peripheral immunoreactive (ir) dynorphin (DYN), alpha-neoendorphin
(ANEQ) and beta-endorphin (BE) was studied in rats. Fentluramine injected repeatedly for 5 and 9 days induced anorexia.
In the same animals there were no significant changes in the ir-DYN and ir-rANEQO contents in the brain and pituitary.
However. the ir-DYN and ir-ANEO contents in the gastrointestinal tract (duodenum) were markedly decreased after 5 and
9 days of tenfluramine injection. In contrast to ir-DYN and ir-rANEO. there was an increase in the hypothalamic and a
decrease in the anterior lobe of pituitary ir-BE content. There was no significant change in the neurointermediate (N1) lobe
of the pituitary. The results of our study suggest that part of the fenfluramine anorexia may be mediated by the peripheral

prodynorphin and central beta-endorphin systems.
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REPEATED administration of fenfluramine leads to pro-
gressive changes in its effectiveness. in reducing food intake,
both in animals and man {11, 24, 26}. Tolerance has been
reported to develop towards the anorectic effect of
fenfluramine. The mechanism by which fenfluramine in-
duces anorexia is not well known, but many studies showed
that the ability of the drug to release 5-HT is probably the
most important neurochemical event related to this be-
havioural effect of fenfluramine [4, 8. 10, 35}. However. the
mechanisms by which tolerance towards the fenfluramine
anorexia develops still remain unclear.

An elevation in the ir-BE and ir-Met-enkephalin levels in
the hypothalamus was reported in chronically fenfluramine-
treated rats [6, 7. 16]. However, there are no data concerning
the involvement of dynorphin/alpha-neoendorphin, the two
endogenous opioid peptides which are derived from the same
prodynorphin precursor [ 19] and are distributed in a parallel
manner in the central and peripheral nervous systems in rats
[29]. We tound previously that acute fenfluramine injections
in rats induced a dose-dependent increase in the brain
beta-endorphin and a decrease in the gut (duodenum)
dynorphin/alpha-neoendorphin levels [27]. A vast body of
evidence suggests that opiates and endogenous opioid pep-
tides may play an important role in the regulation of appetite
[15, 28, 30. 32]: moreover, since opiates clearly modify the
serotonergic mechanisms [31}, a question arises whether en-
dogenous opioid peptides may participate in the fenflur-
amine-induced anorexia.

METHOD

Male Wistar rats weighing 200-220 g were housed under a
12:12 light:dark cycle with the dark at 6 p.m. and kept on a
feeding schedule which allowed free access to the usual
dry-pellet diet for 4 hours a day (from 10 a.m. to 2 p.m.). The
body weight and food intake were measured daily, and the
animals were then divided into six groups, each consisting of
at least 10 animals. Three groups of rats were treated with
0.9% NaCl for 5, 9 and 14 days, and the other three groups
were injected intraperitoneally (IP) with fenfluramine (Les
Laboratories Servier France), 20 mg/kg, for 5, 9 and 14 days.
After the last injection of either saline or fenfluramine, the
food intake (in grams) was measured for 2 hours and the
same animals were killed by decapitation for biochemical
assays. The hypothalamus, pituitary and duodenum were
rapidly removed, weighed and then incubated in 0.1 N HCI
at 95°C for 10 min. After homogenization the homogenates
were centrifuged at 10.000 g for 15 min and the supernatants
were adjusted to pH 7.5. After further centrifugation the
aliquots of the supernatants were appropriately diluted and
assayed for immunoreactive beta-endorphin. dynorphin and
alpha-neoendorphin.

lodination Procedure

The peptides were iodinated with Na ' using the
chloramine-T method. Five ug of the synthetic peptide were
diluted in 50 ul of 0.5 M phosphate bufter, pH 7.4, and were
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FIG. 1. Effect of chronic fenfluramine (20 mg/kg) injections on the
increase in body weight in the rat. Significant differences between
the control and fenfluramine-treated rats are evident on day 4 on-
wards.
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FIG. 2. Effect of repeated fenfluramine (20 mg/kg) injections on the
food intake (expressed as grams per a 2-hour period) in the rat.
Values represent means=SEM of at least 10 animals per group.
*#*n<0.01. Duncan test.

TABLE 1

THE EFFECT OF CHRONIC FENFLURAMINE (20 mg/kg) INJECTIONS ON THE IMMUNOREACTIVE
DYNORPHIN AND ALPHA-NEOENDORPHIN CONTENTS IN THE HYPOTHALAMUS,
NEUROINTERMEDIATE (NI) AND ANTERIOR LOBES OF THE PITUITARY IN THE RAT

Treatment Hypothalamus NI-pituitary Anterior pituitary
(days) (pmoles/g) (pmoles/g) (pmoles/g)
ir-dynorphin
0 346 = 2.5 1332.1 = 114.5 97.6 + 9.3
5 359+ 1.8 1201.9 + 139.0 83.0 + 5.5
9 32.0 = 4.3 1467.0 = 100.0 89.8 + 9.8
14 36.3 = 3.0 1450.0 = 108.0 91.7 £ 6.3
ir-alpha-neoendorphin
0 91.2 = 44 1967.0 + 138.0 112.7 £ 5.3
5 96.3 + 7.6 1796.0 = 126.0 97.8 + 6.2
9 92.9 + 4.1 2121.0 = 107.0 109.5 + 8.1
14 95.7 + 3.5 2052.0 = 117.0 106.8 + 5.8

Values represent means = SEM of at least 8 animals per group.

put into a conical vial which contained one millicurie of Na
25, Then 10 wl of 0.29% chloramine-T solution in 0.05 M
phosphate buffer, pH 7.4, were poured into the vial. The
mixture was gently shaken for 30 sec and the reaction was
stopped with 10 ul of a 0.2% sodium metabisulfite solution.

The labeled peptide was purified by gel filtration on a
column (0.9x20 c¢cm) of Bio Gel P4, 200-400 mesh. The pep-
tide was eluted with acetic acid containing 0.1% bovine
serum albumin to prevent peptide adsorption. The range of a
specific activity of the iodinated peptide was 300-600
Ci/mmole.

Generation of Antibodies

Antibodies against alpha-neoendorphin (**Agathe’"),
dynorphin (**Goldy™") and beta-endorphin (‘**‘DA"") were de-
veloped by dissolving 4.5 mg of peptide and 25.0 mg of thy-

roglobulin in 4 ml of distilled water, and cooled at 0°C. Two
and a half mg of carbodiimide, dissolved in 0.5 ml of water,
were added to the above mixture and stirred overnight at
(°C. After an exhaustive dialysis against 0.9% NaCl the con-
jugated peptide was lyophilized. The conjugated peptide was
emulsified with Freund's complete adjuvant and injected
intradermally at multiple sites on the back of two male New
Zealand white rabbits. After an initial dose of 1.5 mg the
rabbits were booster-injected with 0.5 mg immunogen each
at 3-week intervals. Fourteen days after the last injection the
animals were test bled, and the antiserum of the animal
which proved to have the highest titer and sensitivity was
used for a radioimmunoassay determination of the peptide.

Radioimmunouassay (RIA) Procedures

The dynorphin RIA was performed with the antiserum
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TABLE 2

THE EFFECT OF CHRONIC FENFLURAMINE (20 mg/kg) INJECTIONS ON THE IMMUNOREACTIVE
BETA-ENDORPHIN CONTENT IN THE HYPOTHALAMUS, NEUROINTERMEDIATE (NI) AND
ANTERIOR LOBES OF THE PITUITARY IN THE RAT

Treatment Hypothalamus Nl-pituitary Anterior pituitary
(days) (pmoles/g) (nmoles/g) (nmoles/g)

0 19.4 + 1.8 385.7 = 50.0 21.2 + 1.45

5 26.7 = 2.0* 391.1 = 62.0 16.1 + 0.4*

9 184+ 1.4 365.5 + 58.0 19.6 + 1.9

14 19.6 = 1.6 371.8 = 49.5 20.8 + 1.7

Values represent means = SEM of at least 8 animals per group.

*p<0.05, Duncan test.
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FIG. 3. Effect of repeated fenfluramine (20 mg/kg) injections on the
ir-DYN and ir-ANEO contents in the rat duodenum. Values repre-
sent means=SEM of at least 8 animals per group. *p<0.05,
**p<(.025, Duncan test.

directed against the synthetic porcine dynorphin A,_,.,, ac-
cording to the procedure described previously [18]. Dynor-
phin A exhibited the same cross-reactivity as dynorphin
A, ;. The antiserum exhibited a negligible avidity for dy-
norphin A, _,. alpha-neoendorphin, B-neoendorphin, Leu-
enkephalin and beta-endorphin.

The alpha-neoendorphin RIA was performed with the
antiserum directed against synthetic alpha-neoendorphin, as
described previously [29]. The antiserum recognized alpha-
neoendorphin and B-neoendorphin with a high avidity, but
did not cross-react with dynorphin A, Met-enkephalin or
Leu-enkephalin and beta-endorphin.

The beta-endorphin RIA was performed as described
previously [17]. The antiserum recognized beta-endorphin
but did not cross-react with Leu-enkephalin, dynorphin A or
alpha-neoendorphin. Assays were carried out in Eppendorf
tubes (1.5 ml); the incubation mixture consisted of 50 ul of
the neutralized tissue extract (pH 7.4) or standard solution.
100 wul of the antiserum against alpha-neoendorphin (final
dilution 1:15000), dynorphin (final dilution 1:50000) and
beta-endorphin (final dilution 1:100000), 50 ul of the '2%1-
labeled ligand, all of them diluted to a final volume of 0.5 mi
of “*buffer D.”” The mixture was equilibrated at 4°C for 20
hours for alpha-neoendorphin and dynorphin, and for 48

hours for beta-endorphin; afterwards antibody-bound pep-
tides were separated from the unbound peptides by adding
500 wl of a mixture containing 19 charcoal and 0.5% bovine
serum albumin in the RIA buffer. After vortexing for 5 sec
the suspension was allowed to stand for 10 min and was
centrifuged for 3 min at 3000 g. The radioactivity was meas-
ured in the supernatant.

The Gel filtration chromatography was performed with a
sephadex G-50 superfine column (0.9x50 cm), eluted with 2
N of acetic acid containing 0.1% bovine serum albumin, at a
flow rate of 4.8 ml/br at 4°C. Fractions of 700 ul were col-
lected, lypophilized, redissolved in 350 wl of RIA-buffer, and
aliquots were assayed for ir-dynorphin. The recovery of the
synthetic peptide from the column was 90%.

Statistical Analysis

The data were analyzed by the ANOVA and the signifi-
cance is indicated by the Duncan test.

RESULTS

Since control groups treated with saline for 5, 9 and 14
days showed no significant differences, they were pooled as
one control for the statistical analysis.

Figure 1 shows the body weights of rats after daily injec-
tions of saline or fenfluramine, 20 mg/kg, for 14 days. The
body weights of rats receiving fenfluramine increased at the
rate slower than those of the control animals. Figure 2 shows
the effect of chronic fenfluramine, 20 mg/kg, injected for 5, 9
and 14 days, on the food intake (g/2 hr). There was a signifi-
cant reduction in the food intake following fenfluramine in-
jection for 5 and 9 days. F(3,46)=12.5, p<0.01: however,
tolerance towards the anorectic effect of fenfluramine was
observed 14 days after the drug injection, as the
fenfluramine-treated rats consumed the same amount of food
as the saline-treated ones.

In the same animals the levels of ir-DYN, ir-ANEO and
ir-BE were differentially affected by chronic treatment.
There were no significant changes in the brain and pituitary
ir-DYN and ir-rANEO contents after 5, 9 and 14 days of
fenfluramine treatment (Table 1). However, a time-depend-
ent decrease in the duodenal content of ir-DYN and ir-
ANEO, F(3.47)=2.59 and F(3,41)=3.67, p<0.05, respec-
tively, was observed (Fig. 3). There was a significant in-
crease in the hypothalamic and a decrease in the anterior
lobe of the pituitary ir-BE content after 5 days of
fenfluramine treatment, F(3,50)=2.46 and F(3,50)=1.57,
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FIG. 4. Sephadex G-50 superfine column chromatography of a duodenal extract
from the control and chronically fenfluramine-treated (20 mg/kg 1P, for S days)
rats. The dynorphin immunoreactivity in the assay was calculated in femtomoles

per fraction.

p<0.05, respectively, while no significant change in the NI-
pituitary was found (Table 2). In the animals tolerant
towards the anorectic effect of fenfluramine the levels of
those peptides were also normal in the brain, pituitary and
gut.

The immunoreactive dynorphin measured by the RIA in
the duodenum of saline- and fenfluramine-treated rats was
further characterized using a sephadex G-50 superfine col-
umn. Fractions of the eluates were radioimmunoassayed
with antisera directed towards dynorphin. There were sev-
eral small immunoreactive peaks, but the dominant one had
its elution volume similar to that of the synthetic dynorphin
(1-17) (Fig. 4). In the duodenum of fenfluramine-treated rats
immunoreactive peaks were smaller than those in saline-
treated rats.

DISCUSSION

The present study indicates that anorexia induced by a
chronic fenfluramine treatment is correlated with a decrease
in the peripheral dynorphin/alpha-neoendorphin and, to a
lesser extent, with an increase in central beta-endorphin
levels.

We observed previously that an acute fenfluramine
treatment induced a dose-dependent decrease in the
duodenal ir-DYN content [27]. Since we found that there
was a time-dependent decrease in the duodenal content of
irr-DYN and ir-ANEO after a chronic fenfluramine treat-
ment, it might be speculated that the decreased level of these
peptides in the gastrointestinal tract indicates their enhanced
release from the gut. Recently we found that fenfluramine
enhanced the release of ir-DYN from the duodenum in vitro
(unpublished data). It is well known that dynorphin is pres-
ent in the periphery [37]. and is the most potent opioid pep-
tide found there in comparison with other opioids [14]. As
opioid and serotonin interactions were reported to occur in
the periphery [3, 13, 34], we assumed that at least part of the
fenfluramine anorexia might be mediated by dynorphin and
related peptides. This is most probably due to the stimulation
of gastrointestinal opiate receptors [1], and hence results in
delaying the gastric emptying [5, 9, 36] and inhibiting the

upper gastrointestinal peristalsis [22,23]. These changes in
the gastrointestinal physiology may mediate some satiety
signal that link up the gut with the brain through the vagus
and sympathetic nerves. Moreover. the effect of opioid pep-
tides on some gut peptides, such as gastrin and CCK. which
were involved in the peripheral control of the food intake
should not be excluded. Since opioid peptides were reported
to affect the release of the gut gastrin and CCK [20.,21],
fenfluramine enhanced the release of the duodenal
dynorphin/alpha-neoendorphin which. in turn, could influ-
ence the release of CCK which is recognized peripheral af-
fecting appetite [12].

In contrast to ir-DYN and ir-ANEO, there was a signifi-
cant increase and a decrease in the ir-BE content in the
hypothalamus and anterior pituitary, respectively, after 5
days of fenfluramine treatment. In accordance with our data,
some other authors reported an elevation in the hypotha-
lamic content of ir-BE and also ir-Met-enkephalin in rats
treated chronically with fenfluramine (6, 7, 16]. Since we
observed an increase in the hypothalamic and a decrease in
the anterior pituitary ir-BE after both acute {27] and chronic
(this study) fenfluramine treatment, it may be speculated that
the increased and decreased hypothalamic and anterior pitui-
tary ir-BE concentrations, respectively, may result from inhibi-
tion of the brain and stimulation of the anterior pituitary BE
release.

A vast body of evidence indicates that serotonin plays an
inhibitory role in the food intake [2. 25, 33]. Since endoge-
nous opioid peptides enhance feeding when injected cen-
trally [15.28], we assumed that part of the fenfluramine
anorexia may be due to inhibition of the brain and stimula-
tion of the pituitary BE release. If the release of an excessive
amount of ir-BE from the anterior pituitary is involved in the
chronic fenfluramine anorexia, a logical target of this effect
is stimulation of opiate receptors in the gastrointestinal tract
[1]. It is noteworthy that an intracerebroventricular injection
of a methionine enkephalin analogue reverses the suppres-
sive effect of the serotonin agonist quipazine on the tail
pinch-induced feeding [33]. This indicates that endogenous
opiates play some role in maintaining the teeding drive. and
that serotonergic-opiate interactions on the satiety processes
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should be considered. Tolerance towards the anorectic effect
of fenfluramine was developed after 14 days of drug injec-
tion, as the fenfluramine-treated rats consumed the same
amount of food in comparison with the saline-treated ones.
In the same animals the levels of ir-DYN, ir-ANEO and
ir-BE were back to normal, which testifies that these pep-
tides may play some role in the chronic fenfluramine
anorexia.

In conclusion, the present and our previous finding show
that endogenous opioid peptides in the brain and periphery
are differentially and independently modulated by acute and

M

chronic fenfluramine treatment. Moreover, the part of
anorexia induced by fenfluramine treatment may be
mediated by activation of the peripheral (gut) prodynorphin
and, to a lesser extent, by inhibition of the brain and stimu-
lation of the pituitary beta-endorphin systems.

ACKNOWLEDGEMENTS

We are grateful to Dr. V. Hollt and Prof. A. Herz (Munich,
F.R.G.) for the generous gift of antisera.

REFERENCES

1. Bechara, A. and D. V. D. Kooy. Opposite motivational effects
of endogenous opioids in brain and periphery. Nurure 314:
. Blundell, J. E. Serotonin and feeding. In: Scroronin in Health
and Disease, Vol 5. Clinical Applications, edited by W. B.
Essman. New York: Spectrum Publishers, 1979, pp. 403-450.
3. Burks, T. F. and J. P. Long. Release of intestinal 5-hydroxy-
tryptamine by morphine and related agents..J Pharmacol Exp Ther

156: 267-276, 1967.

4. Costa, E.. A. Groppetti and A. Revuelta. Action of fenfluramine
on monoamine stores of rat tissues. Br J Pharmacol d41: 57-64,
1971.

5. Davies, R. F., J. Rossi, J. Panksep. N. J. Bean and A. J.
Zolovick. Fenfluramine anorexia: A peripheral locus of action.
Physiol Behay 30: 723-730. 1983.

6. Dellavedova, L., M. Parenti and A. Groppetti. Evidence that
serotonin modulates opiate neuronal activity in striatum. In:
Second Capo Bio Conference of Newroscience, edited by G.
Biggio. E. Costa and P. F. Spano. New York: Pergamon Press,
1983, pp. 321-328.

7. Dellavedova, L.. M. Parenti, F. Tirone and A. Groppetti. In-
teractions between serotonergic and enkephalinergic neurons in
rat striatum and hypothalamus. Ewr J Pharmacol 85: 29-34,
1982.

8. Duhault. J.. L. Beregi, P. Gonnard and M. Boulanger. Brain
serotonergic system and anorectic drugs. In: Central Mech-
anism of Anorectic Drugs, edited by S, Garattini and E. Sama-
nin. New York: Raven Press. 1978, pp. 205-215.

9. Feldman. M., H. H. Walshand 1. L. Taylor. Effect of naloxone
and morphine on gastric acid secretion and on serum gastrin and
pancreatic polypeptide concentrations in humans. Gastroen-
terology 79: 294-298, 1980,

10. Fuxe. K.. B. Hamberger, I.. O. Farnebo and S. O. Orgen. On
the in vivo and in vitro actions of fenfluramine and its deriva-
tives on central monoamine neurons, especially 5-hydroxy-
tryptamine neurons and their relations to the anorectic activity
of fenfluramine. Posigrad Med J 51: Suppl 1, 35-45. 1975.

11. Ghosh, M. N. and S. Parvathy. Tolerance pattern of the
anorexigenic action of amphetamine, fenfluramine, phenmet-
razine and diethylpropion in rats. Br J Pharmacol 57 479-48S.
1976.

12. Gibbs, J.. R. C. Young and G. P. Smith. Cholecystokinin de-
crease food intake in rats. J Comp Physiol Psvchol 84: 488-495,
1973,

13. Gintzler. A. R. and J. M. Musacchio. Interaction between
serotonin and morphine in the guinea-pig ileum. J Pharmacol
Exp Ther 189: 484-492, 1974,

14. Goldstein. A.. S. Tachibana, L. I. Lowney, M. Hunkapiller and
L. Hood. Dynorphin-(1-13), an extraordinarily potent opioid
peptide. Proc Natl Acad Sci USA 76: 6666-6670, 1979,

15. Grandison. L. and A. Guidotti. Stimulation of food intake by
muscimol and beta-endorphin. Neuropharmacology 16: 533—
536, 1977.

t2

16. Harsing, L. G., H. Y. T. Yang, S. Govoni and E. Costa. Eleva-
tion of Met-enkephalin and beta-endorphin hypothalamic con-
tent in rats receiving anorectic drugs: Differences between
D-fenfluramine and D-amphetamine. Neuropharmacology 21:
141-146. 1982.

17. Hollt, V., R. Przewlocki and A. Herz. Radioimmunoassay of
beta-endorphin: Basal and stimulated levels in extract rat
plasma. Naunvn Schimiedebergs Arch Pharmacol 303: 171-174,
1978.

18. Hollt, V.. I. Haarmann, K. Boverman, M. Jerlicz and A. Herz.
Dynorphin-related immunoreactive peptides in rat brain and pi-
tuitary. Neurosci Letr 18: 149-153, 1980.

19. Kakidani, H., Y. Furutani, H. Takahashi, M. Noda. Y.
Morimoto, T. Hirose, M. Asai. S. Inayama, S. Nakanishi and S.
Numa. Cloning and sequence analysis of ¢cDNA for porcine
beta-neoendorphin/dynorphin precursor. Nature 298: 245-249,
1982.

20. Konturek, S. J.. J. Tasler. M. Cieszkowski. J. Jaworek. D. H.
Coy and A. V. Schally. Inhibition of pancreatic secretion by
enkephalin and morphine in dogs. Gastroenterology 74: 851-
855, 1978.

21. Konturek. S. J.. J. Tasler, M. Cieszkowski, E. Mikos, D. H.
Coy and A. V. Schally. Comparison of methionine-enkephalin
and morphine in the stimulation of gastric acid secretion in the
dog. Gastroenterology 78: 294-300, 1980.

22. Kromer. W, and W. Pretzlaft. In vitro evidence for the partici-
pation of intestinal opioids in the control of peristalsis in the
guinea pig small intestine. Naunyn Schmiedebergs Arch Phar-
macol 309: 153-157, 1979.

23. Kromer, W., V. Hollt, H. Schmidt and A. Herz. Release of
immunoreactive dynorphin from the isolated guinea pig small
intestine is reduced during peristaltic activity. Neurosci Letr 25:
53-56. 1981.

24. Le-Douarec, J. C. and C. Neveu. Pharmacology and biochemis-
try of fenfluramine. In: Amphetamine and Related Compounds,
edited by E. Costa and S. Garattini. New York: Raven Press,
1970, pp. 75-105.

25, Leibowitz. S. F. Neurochemical systems of the hypothalamus:
Control of feeding and drinking behavior and water-electrolyte
excretion. In: Handbook of the Hypothalamus, edited by P. J.
Morgan and J. Panksep. New York: Marcel Dekker. 1980, pp.
299-437.

26. Lewander. T. Experimental studies on anorexigenic drugs:
Tolerance. cross-tolerance. and dependence. In: Central Mech-
anism of Anorectic Drugs, edited by S, Garattini and E. Sama-
nin. New York: Raven Press. 1978, pp. 343-355.

27. Majeed, N. H., W. Lason. B. Przewlocka and R. Przewlocki.
Differential modulation of the beta-endorphin and dynorphin
systems by serotonergic stimulation in the rat. Newropeptides 5:
$63-566. 1984,

28. Margules, D. L.. B. Miosset, M. J. Lewis, H. Shibuyaand C. B.
Pert. Beta-endorphin is associated with overeating in genetically
obese mice (ob/ob) and rats (fa/fa). Science 202: 988-991, 1978.



972

29.

30.

31.

33.

Maysinger, D., V. Hollt, A. Pasi. P. Mehraein and A. Herz.
Parallel distribution of immunoreactive alpha-neoendorphin and
dynorphin in rat and human tissue. Neuropeptides 2: 211-225.
1982.

Morley. J. E. and A. S. Levine. Stress-induced eating is
mediated through endogenous opiates. Science 209: 1259-1261.
1980.

Morley, J. E. The endocrinology of the opiates and opioid pep-
tides. Merabolism 30: 195-209, 1981.

. Morley, J. E. and A. S. Levine. Dynorphin-(1-13) induces spon-

taneous feeding in rats. Life Sci 29: 1901-1903, 1981.

Morley. J. E.. A. S. Levine, S. S. Murray. J. Kneip and M.
Grace. Peptidergic regulation of stress-induced eating. Am J
Physiol 243: R159-R163. 1982.

36.

MAIJEED ET AL.

. Pruitt, D. B.. M. N. Grubb, D. L. Jaquette and T. F. Burks.

Intestinal effect of S-hydroxytryptamine and morphine in
guinea-pigs. dogs. cats and monkeys. Eur J Pharmacol 26:
298-305, 1974.

. Samanin. R.. D. Ghezzi, L. Valzelli and S. Garattini. The effect

of selective lesioning of brain serotonin or catecholamine con-
taining neurons on the anorectic activity of fenfluramine and
amphetamine. Eur J Pharmacol 19: 318-322, 1972.
Shea-Donohue, P. T.. N. Adams. J. Arnold and A. Dubois.
Effect of Met-enkephalin and naloxone on gastric emptying and
secretion in rhesus monkeys. Am J Phvsiol 245: G196-G200.
1983.

. Tachibana, S., K. Araki. S. Ohya and S. Yoshide. Isolation and

structure of dynorphin, an opioid. from porcine duodenum. Na-
ture 295: 339-340, 1982,



