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SUMMARY

Amyiin, a 37-amino acid peptide structurally related to calcitonin
gene-related peptide, is synthesized in and released along with
insulin from pancreatic g-cells. Amylin is proposed to act as an
endocrine partner to insulin, in part through actions upon skeletal
muscle that promote cycling of gluconeogenic precursors to
liver. We report here that binding sites with high affinity (K; = 27
pm) for radioiodinated rat amylin are present in the nucleus
accumbens region of rat brain. Competition experiments show
that sites measured in nucleus accumbens membranes have
high affinity for rat amylin, lower affinity for rat calcitonin gene-

related peptides, and very low affinity for rat calcitonin. In con-
trast to rat calcitonin, salmon calcitonin has a high affinity for
these sites, indicating that it shares critical binding determinants
with amylin. We further tested whether salmon calcitonin shares
with amylin the ability to regulate glycogen metabolism in rat
skeletal muscle. Salmon calcitonin potently inhibits insulin-stim-
ulated glucose incorporation into rat soleus muscle glycogen,
suggesting that rat skeletal muscle may also contain receptor
populations that have high affinity for both amylin and saimon
calcitonin.

Amylin is a peptide hormone that is secreted along with
insulin from pancreatic 8-cells in response to nutrient intake
(1-3). Exogenous amylin alters glucose metabolism in vivo,
producing hyperlactemia, hyperglycemia, and insulin resistance
(4, 5). Amylin stimulates glycogen phosphorylase activity and
inhibits glycogen synthase activity in skeletal muscle and an-
tagonizes insulin-stimulated incorporation of glucose into mus-
cle glycogen in vitro (6-8). Amylin circulates at concentrations
measured in normal human plasma in the range of 3-20 pM (9,
10), with somewhat higher concentrations being reported for
insulin-resistant and obese people and for rodent plasma.

Amylin has sequence identity of 43% to a-CGRP and of 46%
to 8-CGRP in humans. Low affinity interactions of amylin with
CGRP receptors in liver, skeletal muscle, brain, and myoblasts
have been described (11-14), leading some to suggest that the
actions of amylin may be mediated through these receptors.
However, amylin is 100-1000-fold less potent than CGRP both
in its affinity for CGRP receptors and in producing CGRP
receptor-associated actions such as vasodilation (15). In con-
trast, it is approximately equipotent with CGRP in altering
skeletal muscle glycogen metabolism (16, 17). Therefore, the
profile of the metabolic response to amylin does not match the
reported CGRP receptor binding profile.

Through radioligand binding and autoradiographic studies
with BH-radioiodinated rat amylin, we have found binding
sites with high affinity for amylin in rat brain. To see whether

the metabolic effects of amylin may be mediated by receptors
with the selectivity profile of these sites, we tested peptides
with high binding affinity for their effects on soleus muscle
glycogen metabolism.

Materials and Methods

Membrane preparation. Brains from male Sprague-Dawley rais
(200-250 g) were dissected into regions and homogenized in ice-cold 20
mM HEPES buffer (20 mM HEPES acid, pH adjusted to 7.4 with
NaOH at 23°). Membranes were collected by centrifugation at 48,000
X g for 15 min and were then washed twice by resuspension in fresh
buffer and centrifugation. The membrane pellet from the third centrif-
ugation was stored at —70° until use.

Receptor binding. Membranes from 4 mg original wet weight of
tissue were incubated with '*I-BH-amylin (rat amylin, BH-labeled at
the amino-terminal lysine; Amersham Corporation, Arlington Heights,
IL) in 20 mM HEPES buffer, containing 0.5 mg/ml bacitracin, 0.5 mg/
ml bovine serum albumin, and 0.2 mM phenylmethylsulfonyl fluoride,
for 60 min at 23°. Incubations were carried out in duplicate tubes and
were started by addition of membranes. Incubations were terminated
by filtration through glass fiber filters that had been presoaked in 0.3%
polyethyleneimine, followed by washing with 15 ml of cold phosphate-
buffered saline. Competition curves were generated by measuring bind-
ing of 13 pM '*I-BH-amylin in the presence of 10~ to 10~® M unlabeled
peptide. Data were fitted to a four-parameter logistic equation (Inplot;
GraphPAD Software, San Diego, CA) to derive half-maximal inhibitory
concentrations (ICs values) and slope factors (“Hill coefficients”). To
generate saturation isotherms, binding of '*I-BH-amylin was measured

ABBREVIATIONS: CGRP, calcitonin gene-related peptide; BH, Bolton-Hunter; HEPES, 4-(2-hydroxyethyi)-1-piperazineethanesulfonic acid.

2T0Z ‘S Jaqwadaq uo Alsianiun pesewwey ye Bio sjeuinofiadse wareydjow woly papeojumoq


http://molpharm.aspetjournals.org/

PHARM

EE’ESFDEEE‘!I’

494 Beaumontet al.

at concentrations varying from 1 to 150 pM, in the absence (to obtain
total binding) or in the presence (to obtain nonspecific binding) of 100
nM unlabeled salmon calcitonin. Protein was measured by the method
of Bradford, with ovalbumin as standard.

Autoradiography. Brains from male Sprague-Dawley rats were
frozen in isopentane, and 12-um sections were cut in a cryostat set at
—15°. Sections were dried at ambient temperature and stored dessicated
at —20°. Sections were thawed and preincubated for 3 X 5 min at
ambient temperature in 20 mm HEPES, pH 7.4, containing 100 mM
NaCl, 1 mg/ml bovine serum albumin, and 0.5 mg/ml bacitracin.
Sections were then incubated for 60 min in the same buffer containing
74 pM *I-.BH-amylin. Nonspecific binding was measured in the pres-
ence of 1 uM salmon calcitonin. After incubation, slides were washed
for 3 X 4 min in ice-cold buffer, dipped in deionized water to remove
buffer salts, and rapidly dried under a stream of air. Hyperfilm-*H
(Amersham) was exposed to the sections in an autoradiography cassette
for 4-7 days before development.

Soleus muscle glycogen metabolism. The rate of incorporation
of [**C]glucose into glycogen in isolated rat soleus muscle was measured
and data were analyzed as described by Young et al. (18). Insulin-
stimulated incorporation of ['*C]glucose into soleus muscle glycogen
was inhibited by coincubation with rat amylin or related peptide for 30
min before and 60 min after addition of ['*C]glucose. As described by
Young et al. (18), data from the indicated number of soleus muscle
strips for each data point were fit to a four-parameter logistic equation
to derive half-maximally effective concentrations (ECs values) and
standard errors.

Results

135]_BH-amylin binding. Specific *I-BH-amylin binding
(displaceable by 1 uM rat amylin) was measured using a low
concentration (17-20 pM) of radioligand in membranes pre-
pared from several peripheral tissues and from rat brains dis-
sected into 15 regions. Specific binding was observed in several
brain regions, with nucleus accumbens and surrounding tissue
containing more than twice as much specific binding as any
other region. '*I-BH-amylin binding was further characterized
using nucleus accumbens membranes. Specific binding meas-
ured at 23° reached a steady state by 60 min, which was used
as the incubation interval for additional experiments.

Specific and saturable binding of '*I-BH-amylin to nucleus
accumbens membranes was observed at concentrations of 0.3-
190 pM (Fig. 1A). Scatchard analysis of saturation data (Fig.
1B) yielded a dissociation constant (K,) of 27.1 + 2.1 pM and
binding site density (Bm.) of 23.8 + 2.3 fmol/mg of protein
(mean = standard error, three experiments). The high affinity
of rat amylin in competing for binding (ICs = 42 pM) indicated
that the '*I-BH group positioned at the amino-terminal lysine
does not significantly affect affinity for these sites. Through
competition experiments (Fig. 2), these binding sites were
found to have a unique selectivity profile for a series of struc-
turally related peptides, with potency for rat amylin = salmon
calcitonin > rat 8-CGRP > rat «-CGRP > rat calcitonin (Table
1). Salmon calcitonin had a greater slope factor than did other
peptides (Table 1), suggesting a possible complex interaction
with !*I-BH-amylin binding sites. Binding of *I-BH-amylin
was not significantly inhibited by various unrelated bioactive
peptides tested at 1 uM, including insulin, glucagon, bradykinin,
substance P, and neurokinin B.

Autoradiography. The localization of '**I-BH-amylin
binding sites in the rat forebrain was determined by autoradi-
ography. In coronal sections through the region used for mem-
brane binding assays, binding sites were concentrated in the
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Fig. 1. Saturation binding of '2l-BH-amylin to rat nucleus accumbens
membranes. A, Binding of 0.3-190 pm '*I-BH-amylin to rat nucleus
accumbens membranes was measured in the absence (®) or presence
(A) of 1 um rat amylin. O, Specific binding. B, Scatchard plot of specific
125.8H-amylin binding data. Results are from one of three experiments
performed in duplicate (Kq = 27.1 + 2.1 pM, Brex = 23.8 + 2.3 fmol/mg
of protein; mean + standard error, three experiments).
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Fig. 2. Competition of peptides for '2°I-BH-amylin binding. Specific bind-
ing of 13 pm '2-BH-amylin to rat nucleus accumbens membranes was
measured in the presence of the indicated concentrations of rat amylin,
salmon calcitonin, rat 8-CGRP, rat «-CGRP, or rat calcitonin. Data
represent means of duplicate determinations. ICso values derived from
results of three to five separate experiments are listed in Table 1.
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TABLE 1
Competition of peptides for '>*-BH-amylin binding to rat nucleus
accumbens membranes

Binding of * in was measured in the presence of 10 concentrations of
each peptide varying from 10~ to 10™° wm, to obtain IC,, values and siope factors.
Resuilts are means + standard errors of three to five separate experiments for
each peptide.

Peptide ICeo Slope factor
1]

Rat amylin 42+5 -0.84 + 0.08
Salmon calcitonin 48+9 -1.58 £ 0.27
Eel calcitonin 52+5 -1.14+£0.10
Rat 8-CGRP 124 + 23 -1.11 £ 0.06
Human 8-CGRP 214 + 38 —0.86 + 0.04
Human «-CGRP 271 £ 26 —0.80 £ 0.03
Rat «-CGRP 579 + 90 -0.75 £ 0.07
Rat calcitonin >1,000,000

nucleus accumbens (Fig. 3A). In sagittal brain sections (Fig.
3B), '*]-BH-amylin binding sites were also found in the area
postrema, nucleus of the solitary tract, dorsal raphé, and hy-
pothalamus. Nonspecific binding to sections, measured in the
presence of 1 uM salmon calcitonin, was evenly distributed at
a level slightly above film background.

Soleus muscle glycogen metabolism. In previously re-
ported studies (18), rat amylin inhibited [**C]glucose incorpo-
ration into isolated soleus muscle glycogen with an apparent
ECs of 3.1 nM. We determined whether salmon calcitonin was
also able to inhibit insulin-stimulated incorporation of [C]
glucose into glycogen in isolated rat soleus muscle (18, 19).
Salmon calcitonin reduced insulin-stimulated incorporation of
[*C]glucose into rat soleus muscle glycogen (Fig. 4) with an
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apparent ECs of 390 pM (standard error, £0.084 log units;
eight muscle strips). Rat calcitonin was markedly less potent
than salmon calcitonin or rat amylin, with an ECs of 74 nM
(standard error, +0.31 log units; four muscle strips).

Binding sites with high affinity (27 pM) for amylin are
concentrated in the nucleus accumbens and are present in a
limited number of additional brain regions, including some
areas not separated from plasma by the blood-brain barrier.
High affinity amylin binding is similar, in both distribution
and affinity for salmon calcitonin, to a calcitonin/CGRP (“C3”)
binding site first described by Sexton et al (20). Amylin is
nearly 3-fold more potent than 8-CGRP, 14-fold more potent
than a-CGRP, and at least 300-fold more potent than rat
calcitonin in affinity for these sites. This selectivity profile
differs markedly from the profile of either the CGRP, or CGRP,
receptor subtype. Salmon calcitonin has very low affinity for
CGRP receptors (21, 22) and is virtually inactive in producing
CGRP-like cardiovascular actions (23). Amylin is much less
potent than CGRP in producing vasodilation (15), in competing
for CGRP receptor binding in muscle (12) and liver (11), and
in activating the CGRP receptor subtype (CGRP;) present in
vas deferens (21, 24).

To begin examining the relationship of these binding sites
to amylin actions in peripheral tissues, we studied both '*]-
BH-amylin binding to skeletal muscle membranes and func-
tional effects in isolated skeletal muscle. In preliminary exper-
iments, specific *I-BH-amylin binding to whole-rat muscle
membranes was not consistently observed. However, receptor

Fig. 3. Distribution of *l-BH-amylin binding in
rat brain. A, '2I-BH-amylin binding to a coronal
brain section approximatety 10 mm anterior to
the interaural line is concentrated in the nucleus
accumbens, with only background labeling
present in cortex and other areas. B, Sagittal
section shows the limited distribution of ‘-
BH-amylin binding in brain. In addition to the
nucleus accumbens, regions demonstrating
'25.BH-amylin binding included the area pos-
trema, nucleus of the solitary tract, dorsal
raphé, and hypothalamus.
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Fig. 4. Inhibition by saimon calcitonin of [**Clglucose incorporation into
soleus muscle glycogen. Isolated soleus muscles were incubated with 7
nm insulin to stimulate [*“C]glucose incorporation into glycogen in the
presence of the indicated concentrations of salmon calcitonin. Results
represent means + standard errors of data from eight to 16 soleus
muscles.

densities measured in peripheral tissues are often very low, in
comparison with the high densities that may be present in
discrete brain regions. In addition, receptor or ligand stability
may be compromised in muscle homogenates.

To study functional actions, we used a key assay for amylin
metabolic effects, i.e., inhibition of insulin-stimulated [**C]
glucose incorporation into glycogen in isolated rat soleus mus-
cle. Amylin and CGRP are approximately equipotent in their
actions upon glycogen metabolism in both isolated soleus mus-
cle (16) and perfused rat hindlimb muscle (17). Fig. 4 shows
the unexpected finding that salmon calcitonin potently pro-
duces the amylin-like action of inhibiting insulin-stimulated
glucose incorporation into skeletal muscle glycogen. The high
potency of salmon calcitonin, along with the similar potencies
of amylin and CGRP, argue against the hypothesis that the
observed alterations in skeletal muscle glycogen metabolism
are mediated by CGRP receptors, which have a quite different
pharmacological profile. Salmon calcitonin administration pro-
duces hyperglycemia in rats (25) and humans (26, 27), through
a mechanism that has not been fully characterized. The potent
amylin-like effects of salmon calcitonin described here suggest
the possibility that alterations in skeletal muscle glycogen
metabolism may contribute to the hyperglycemia produced by
this peptide. Furthermore, these studies suggest that skeletal
muscle, like brain, may contain receptor populations with high
affinity for both amylin and salmon calcitonin. However, it is
not clear from the present data whether the receptors mediating
responses in muscle are the same as the binding sites in brain.

The presence of high affinity amylin binding sites in the
brain raises the questions of whether amylin is present centrally
and whether amylin has any physiological function in the
central nervous system. In studies of amylin distribution, brain
has not generally been reported to contain amylin (28), al-
though amylin-like immunoreactivity has been reported in rat
hypothalamus homogenates (29) and amylin-encoding mRNA
is present in dorsal root ganglia (30). Additional experiments
are required to determine whether amylin is synthesized and
expressed in a regionally specific manner within the brain.
Intracerebral administration of amylin reduces food intake in

rats (31, 32) and mice (29). Central or peripheral administration
of salmon calcitonin also has anorectic effects (33). In addition
to causing anorexia, infusion of salmon calcitonin into the rat
central nervous system is analgesic (34), modulates growth
hormone release (35), and antagonizes amphetamine-induced
motor hyperactivity (36, 37). Study of the effects elicited by
centrally administered amylin could help in identifying which
of these actions are mediated by amylin receptors and which
are mediated by central calcitonin receptors (36) or CGRP
receptors (22).

In conclusion, binding sites with picomolar affinity for amy-
lin have been identified in rat brain. Salmon calcitonin also
has high affinity for these sites and, unexpectedly, potently
inhibits the insulin-stimulated incorporation of glucose into
soleus muscle glycogen. The available selectivity data indicate
that effects of amylin and salmon calcitonin upon carbohydrate
metabolism are mediated mainly by receptors other than CGRP
receptors. Selective amylin receptor antagonists will be impor-
tant tools both for further characterizing amylin-responsive
receptors and for exploring the role of amylin in normal (37,
38) and disordered metabolism.

Acknowledgments

We thank Deborah Wolfe-Lopez and Hilda Clarke for their expert technical
assistance.

References

1. Cooper, G. J. S., A. C. Willis, A. Clark, R. C. Turner, R. B. Sim, and K. B.
M. Reid. Purification and characterization of a peptide from amyloid-rich
pancreases of type 2 diabetic patients. Proc. Natl. Acad. Sci. USA 84:8628-
8632 (1987).

2. Kanatsuka, A., H. Makino, H. Ohsawa, Y. Tokuyama, T. Yamaguchi, S.
Yoshida, and M. Adachi. Secretion of islet amyloid polypeptide in response
to glucose. FEBS Lett. 259:199-201 (1989).

3. Ogawa, A., V. Harris, S. K. McCorkle, R. H. Unger, and K. L. Luskey. Amylin
secretion from the rat pancreas and its selective loss after streptozotocin
treatment. J. Clin. Invest. 85:973-976 (1990).

4. Young, A. A, M. W. Wang, and G. J. Cooper. Amylin injection causes
elevated plasma lactate and glucose in the rat. FEBS Lett. 291:101-104
(1991).

5. Frontoni, S., S. B. Choi, D. Banduch, and L. R ti. In vivo i
resistance induced by amylin primarily through inhibition of insulin-stimu-
lated glycogen synthesis in skeletal le. Diabetes 40:568-573 (1991).

6. Cooper, G. J. S., B. Leighton, G. D. Dimitriadis, B. M. Parry, J. M. Kowal-
chuk, K. Howland, J. B. Rothbard, A. C. Willis, and K. B. Reid. Amylin
found in amyloid deposits in human type 2 diabetes mellitus may be a
hormone that regulates glycogen metabolism in skeletal muscle. Proc. Natl
Acad. Sci. USA 85:7763-7766 (1988).

7. Young, A. A., D. M. Mott, K. Stone, and G. J. Cooper. Amylin activates
glycogen phosphorylase in the isolated soleus muscle of the rat. FEBS Lett.
281:149-151 (1991).

8. Deems, R. O., R. W. Deacon, and D. A. Young. Amylin activates glycogen
phosphorylase and inactivates glycogen synthase via a cAMP-independent
mechanism. Biochem. Biophys. Res. Commun. 174:716-720 (1991).

9. Koda, J. E., M. Fineman, T. J. Rink, G. E. Dailey, D. B. Muchmore, and L.
G. Linarelli. Amylin concentrations and glucose control. Lancet 389:1179~
1180 (1992).

10. Mitsukawa, T., J. Takemura, M. Nakazato, J. Asai, K. Kanagawa, H. Matsuo,
and S. Matsukura. Effects of aging on plasma islet amyloid polypeptide basal
level and response to oral glucose load. Diabetes Res. Clin. Pract. 15:131-134
(1992).

11. Morishita, T., A. Yamaguchi, T. Fujita, and T. Chiba. Activation of adenylate
cyclase by islet amyloid polypeptide with COOH-terminal amide via calci-
tonin gene-related peptide receptors on rat liver plasma membranes. Diabetes
39:875-877 (1990).

12. Chantry, A., B. Leighton, and A. J. Day. Cross-reactivity of amylin with
calcitonin-gene-related peptide binding sites in rat liver and skeletal muscle
membranes. Biochem. J. 277:139-143 (1991).

13. Zhy, G. C,, D. T. Dudley, and A. R. Saltiel. Amylin increases cyclic AMP
formation in L6 myocytes through calcitonin gene-related peptide receptors.
Biochem. Biophys. Res. Commun. 177:771-776 (1991).

14. Galeazza, M. T., T. D. O’'Brien, K. H. Johnson, and V. S. Seybold. Islet
amyloid polypeptide (IAPP) competes for two binding sites of CGRP. Pep-
tides 12:585-591 (1991).

15. Brain, S. D., S. Wimalawansa, I. MacIntyre, and T. J. Williams. The
demonstration of vasodilator activity of pancreatic amylin amide in the
rabbit. Am. J. Pathol. 136:487-490 (1990).

2102 ‘€ Jaqwaosag uo Alsianiun pesewwey] Je Bio'sjeuinohadse wreydjow wolj papeojumoq


http://molpharm.aspetjournals.org/

aspet

16.

17.

18.

19.

21.

23.

24.

26.

27.

Leighton, B., and G. J. Cooper. Pancreatic amylin and calcitonin gene-related
peptide cause resistance to insulin in skeletal muscle in vitro. Nature (Lond.)
335:632-635 (1988).

Tabata, H., J. Hirayama, R. Sowa, H. Furuta, T. Negoro, T. Sanke, and K.
Nanjo. Islet amyloid polypeptide (IAPP/amylin) causes insulin resistance in
perfused rat hindlimb muscle. Diabetes Res. Clin. Pract. 15:57-61 (1992).
Young, A. A, B. Gedulin, D. Wolfe-Lopez, H. Greene, T. J. Rink, and G. S.
Cooper. Amylin and insulin in rat soleus muscle: dose- nses for co-
secreted non-competitive antagonists. Am. J. Physiol 263:E274-E281
(1992).

Cooper, G. J., A. J. Day, A. C. Willis, A. N. Roberts, K. B. Reid, and B.
Leighton. Amylin and the amylin gene; structure, function and relationship
to islet amyloid and to diabetes mellitus. Biochim. Biophys. Acta 1014:247-
258 (1989).

. Sexton, P. M,, J. S. McKenzie, and F. A. O. Mendelsohn. Evidence for a new

subclass of calcitonin/calcitonin gene-related peptide binding site in rat brain.
Neurochem. Int. 12:323-335 (1988).

Dennis, T., A. Fournier, S. St. Pierre, and R. Quirion. Structure-activity
profile of calcitonin gene-related peptide in peripheral and brain tissues:
evidence for receptor multiplicity. J. Pharmacol. Exp. Ther. 251:718-725
(1989).

. Tschopp, F. A., H. Henle, J. B. Petermann, P. H. Tobler, R. Janzer, T.

Héokfelt, J. M. Lundberg, C. Cuello, and J. A. Fischer. Calcitonin gene-related
peptide and its binding sites in the human central nervous system and
pituitary. Proc. Natl Acad. Sci. USA 82:248-252 (1985).

Marshall, 1., S. J. Al-Kazwini, J. J. Holman, and R. K. Craig. Human and
rat alpha-CGRP but not calcitonin cause mesenteric vasodilatation in rats.
Eur. J. Pharmacol. 123:217-222 (1986).

Giuliani, S., S. J. Wimawalansa, and C. A. Maggi. Involvement of multiple
receptors in the biological effects of calcitonin gene-related peptide and
amylin in rat and guinea-pig preparations. Br. J. Pharmacol. 107:510-514
(1992).

. Yamaguchi, M., and T. Yamamoto. Effect of calcitonin on serum glucose

concentration in rats. Chem. Pharm. Bull. (Tokyo) 9:2189-2194 (1977).
Ziegler, R., S. Bellwinkel, D. Schmidtchen, and H. Minne. Effects of hyper-
calcemia, hypocalcemia and calcitonin on glucose-stimulated insulin secre-
tion in man. Horm. Metab. Res. 4:60 (1972).

Passariello, N., D. Giugliano, S. Sgambato, R. Torella, and F. D’Onorio.

30.

31

32.

33.

36.

37.

High Affinity Amyiin Binding Sites 497

Calcitonin, a diabetogenic hormone? J. Clin. Endocrinol. Metab. 53: 318-323
(1981).

Asai, J., M. Nakazato, M. Miyazato, K. Kangawa, H. Matsuo, and S. Mat-
sukura. Regional distribution and molecular forms of rat islet amyloid poly-
peptide. Biochem. Biophys. Res. Commun. 169:788-795 (1990).

. Morley, J. E., and J. F. Flood. Amylin decreases food intake in mice. Peptides

12:865-869 (1991).

Ferrier, G. J., A. M. Pierson, P. M. Jones, S. R. Bloom, S. I. Girgis, and S.
Legon. Expression of the rat amylin (IAPP/DAP) gene. J. Mol. Endocrinol.
3:R1-R4 (1989).

Chance, W. T., A. Balasubramaniam, F. S. Zhang, S. J. Wimalawansa, and
J. E. Fischer. Anorexia following the intrahypothalamtic administration of
amylin. Brain Res. 539:352-354 (1991).

Balasubramaniam, A., V. Renugopalakrishnan, M. Stein, J. E. Fischer, and
W. T. Chance. Synthesea, structures and anorectic effects of human and rat
amylin. Peptides 12:919-924 (1991).

Freed, W. J., M. J. Perlow, and R. J. Wyatt. Calcitonin: inhibitory effect on
eating in rats. Science (Washington D. C.) 208:850-852 (1979).

- Braga, P. C., S. Ferri, A. Santagostino, V. R. Olgiati, and A. Pecile. Lack of

opiate receptor involvement in centrally-induced calcitonin analgesia. Life
Sc;. 22:971-978 (1978).

. Tannenbaum, G. S., and D. Goltzman. Calcitonin gene-related peptide mim-

ics calcitonin actions in brain on growth hormone release and feeding.
Endocrinology 116:2685-2687 (1985).
Fischer, J. A., P. H. Tobler, M. Kaufman, W. Born, H. Henke, P. E. Cooper,
S. M. Sagar, and J. B. Martin. Calcitonin: regional distribution of the
hormone and its binding sites in the human brain and pituitary. Proc. Natl
Acad. Sci. USA 78:7801-7805 (1981).
Wang, M. W., A. A. Young, T. J. Rink, and G. J. Cooper. 8-37Th-CGRP
antagonizes actions of amylin on carbohydrate metabolism in vitro and in
vivo. FEBS Lett. 291:195-198 (1991).

. Young, A. A,, P. Carlo, T. J. Rink, and M.-W. Wang. 8-37ThCGRP, an amylin

receptor antagonist, enhances the insulin response and perturbs the glucose
response to infused arginine in anesthetized rats. Mol Cell. Endocrinol
84:R1-R5 (1992).

Send reprint requests to: Kevin Beaumont, Amylin Pharmaceuticals, Inc.,
9373 Towne Centre Drive, San Diego, CA 92121.

2102 ‘€ Jaqwaosag uo Alsianiun pesewwey] Je Bio'sjeuinohadse wreydjow wolj papeojumoq


http://molpharm.aspetjournals.org/



