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Rapid Communication
The Demonstration of Vasodilator Activity
of Pancreatic Amylin Amide in the Rabbit
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Amylin amide, a 37-amino acid peptide that is a
major component of amyloid deposits in the dia-
betic pancreas, possesses vasodilator activity. Hu-
man synthetic amylin amide (30 to 300pmol/site)
stimulated a dose-dependent increase in bloodflow
after intradermal injection in rabbit skin. Amylin
amide was 100 times less active than the structur-
ally related potent vasodilator neuropeptide calci-
tonin gene-related peptide. Amylin amide did not
induce edema formation; however, as a conse-
quence ofits vasodilator activity, amylin amidepo-
tentiated edemaformation induced in rabbit skin
by bradykinin. The intravenous injection ofamylin
amide (10 nmol) caused a systemic drop in blood
pressure. This study demonstrates that amylin am-
ide elicits vasodilator responses in vivo. It is possi-
ble that the release ofamylin amidefrom the pan-
creas in type II diabetes could lead to changes in
vascular tone. (AmJPathol 1990, 136:487-490)

Amyloid deposits are found in the islets of Langerhans of
people sufferin,g from type 11 diabetes.' A major compo-
nent of amyloid tissue recently has been shown to be the
novel peptide amylin amide (also known as diabetes-as-
sociated peptide [DAP] and islet-amylated polypeptide
[IAPP]).26 Amylin amide has a 46% structural similarity
with the neuropeptide calcitonin gene-related peptide
(CGRP).2 CGRP is a 37-amino peptide produced by alter-
native processing of the RNA during calcitonin gene ex-
pression.78 Unlike calcitonin, CGRP is a neuropeptide
and widespread distribution of CGRP has been demon-
strated in both the central and peripheral nervous sys-

tem.9 The potent vasodilator activity of CGRP was discov-
ered when CGRP was injected intradermally into animal
skin.'0 Subsequent studies have revealed its activity in
human skin101" and when infused intra-arterially into the
human forearm and human epicardial coronary arter-
ies.12-14 When infused intravenously CGRP can stimulate
a hypotensive response in humans.15 CGRP is consid-
ered to play an important role in the control of blood flow
and pressure. In this study we have investigated the pos-
sibility that amylin amide could possess vasodilator activ-
ity, based on the structural similarity to CGRP.

Materials and Methods

Animals

Male New Zealand White rabbits were purchased from
Regal Rabbits, Great Bookham, Surrey, UK. For all experi-
ments rabbits were anesthetized with pentobarbitone so-
dium (Sagatal, 30 mg/kg intravenously) and anesthesia
was maintained with pentobarbitone sodium (10 mg/kg
intravenously every 30 minutes).

Measurement of Microvascular Blood
Flow in Skin

Blood flow changes in response to the intradermal injec-
tion of agents under test were measured in the shaved
dorsal skin of New Zealand White rabbits (2 to 2.5 kg)
using a multiple-site xenon clearance technique.16 Briefly,
human amylin amide (30 to 300 pmol/site) and human
alpha CGRP (1 to 10 pmol/site) were prepared immedi-
ately before use in sterile saline. An equal amount of '33Xe
(5 to 10 ,Ci) was added to each 1-ml injection sample
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and test agents were then rapidly injected into rabbit skin
with six replicate injections for each treatment. The dorsal
skin was divided into six blocks with an injection site for
each treatment in each block. Injection sites were at least
30 mm apart and treatments were allocated to sites using
a balanced site pattern. Animals were killed by sodium
pentobarbitone overdose after a clearance period of 15
minutes and skin punch sites (16-mm diameter) were
counted for radioactivity. Blood flow was calculated as
the percentage change compared with blood flow at
saline control-injected sites.16

Measurement of Edema Formation in Skin

Edema formation was measured in multiple sites in skin.
Edema formation in response to intradermally injected
agents was measured during a 30-minute period as the
local extravascular accumulation of intravenously injected
1251-albumin.16

Measurement of Blood Pressure

The central ear artery was cannulated using a 20-gauge
plastic catheter. Blood pressure was monitored continu-
ously via a pressure transducer attached to a Lectromed
multi-trace recorder. Test agents were composed in ster-
ile saline and injected via the marginal ear vein of the cor-

responding ear. Bolus injections of test agents were in-
jected in 100 Al volumes during a 15-second period fol-
lowed in each case by 400 ,ul of saline.

Materials

Lyophilised diabetes-associated peptide amide, also
known as amylin amide, was purchased from Bachem
Ltd. (Essex, UK). The amylin amide was dissolved and
diluted in sterile saline immediately before experiments.
Human alpha CGRP was a gift from Dr. U. Ney (Celltech,
Bucks, UK) and was synthesized according to the estab-
lished structure of human alpha CGRP extracted and puri-
fied from human medullam thyroid carcinoma tissue.17
Substance P was purchased from Sigma Chemical Co.
Ltd. (Dorset, UK). Sterile pyrogen-free saline was from
Travenol Laboratories (Thetford, UK). "3Xenon (10 mCi
in 3 ml sterile saline) was from Amersham International
(Bucks, UK).

Results

Synthetic amylin amide (30 to 300 pmol/site) produced a

dose-dependent increase in microvascular blood flow as

Dose (mol/0.1 ml)
Figure 1. Effect ofhuman synthetic amylin amide (30 to 300
pmol/site 0) and human synthetic alpha CGRP (1 to lopmol/
site 0) on bloodflow in rabbit skin. The dotted line represents
the control saline-injected sites. Results are expressed as mean
± SEMfor n = 4 rabbits where each result is the average ofsix
injections in each rabbit. The significance of differences be-
tween individual treatments and control (saline) bloodflow
was assessed by Bonferroni's modified t-test using the standard
error estimatefrom the analysis ofvariance to accountfor the
fact that multiple tests wereperformed. * P < 0. 01.

shown in Figure 1. Responses to amylin amide were com-
pared with responses to human alpha CGRP. Amylin am-

ide was 100 times less potent on a molar basis than
CGRP. In a second series of experiments, samples were

assayed after freeze/thawing; amylin amide, unlike
CGRP, was not active after freeze/thawing. After freeze/
thawing CGRP at 3 pmol/site produced an increased flow
of 57.0% ± 12.0% compared to amylin amide at 300
pmol/site, which produced a nonsignificant increase of
10.6% ± 11.6%; results were expressed as mean ± SEM,
n = 4 rabbits, and as percentage increase in blood flow
when compared with saline-injected sites. In experiments
described below amylin amide was composed immedi-
ately before injection.

The effect of amylin amide was compared with that of
CGRP on bradykinin-induced edema by coinjecting with
bradykinin intradermally. Amylin amide potentiated bra-
dykinin-induced edema as shown in Figure 2. Previous
studies have shown that vasodilators, as a consequence
of their vasodilator activity, act in a synergistic manner

with mediators of vascular permeability to potentiate
edema formation. Accordingly, amylin amide was 100
times less potent than CGRP in terms of blood flow (Fig-
ure 1) and potentiation of edema formation (Figure 2).
Amylin amide did not stimulate edema formation when
injected alone (Figure 2).

Experiments were designed to examine the effect of
amylin amide when given intravascularly. Figure 3 shows
that amylin amide caused a drop in systemic blood pres-
sure when injected intravenously. CGRP causes a long-
lasting effect on blood pressure when injected intravascu-
larly, as shown in Figure 3, especially when compared
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Figure 2. The effect ofhuman synthetic amylin amide and hu-

man synthetic alpha CGRP on bradykinin-induced edema in
rabbit skin. The response ofbradykinin (1610mol/site) when

injected alone (U) and in combination with increasing con-

centrations ofamylin amide (0) and CGRP (0) is shown. The
effect of amylin amide (300 pmol/site) (A), and CGRP (10
pmol/site) (A) when injected alone is shown. The dotted line

represents site injected with saline. The results are expressed
as mean valuesfor n = 4 and the bar represents SEM.

with other vasodilators such as substance P. The trace
shows that, in a similar manner to CGRP, amylin amide
caused a similar long-lasting drop in blood pressure

(amylin amide, 10 nmol; drop in blood pressure, -11.0
± 1.9 mm Hg; P < 0.05, paired t-test when compared
with resting blood pressure; duration of hypotensive re-

sponse, 3.5 ± 0.6 minutes; results mean + SEM n = 4).

Discussion

The results demonstrate that intradermally injected syn-

thetic amylin amide induces vasodilatation in vivo and,
when administered intravenously, the vasodilator effect of
amylin amide results in a systemic hypotensive response.

In rabbit skin, human synthetic amylin amide is 100 times
less potent than human alpha CGRP in increasing micro-
vascular blood flow and in potentiating edema formation
after intradermal injection. Previously, in studies when the
vasodilator potency of CGRP has been compared with
other endogenous vasodilators, CGRP has been de-
scribed as one of the most potent known endogenous
vasodilators.'0 15 It is equipotent in increasing blood flow
after intradermal injection in rabbit skin with the neuropep-

tide vasoactive intestinal peptide (VIP), 3 to 10 times more
potent than the prostanoid vasodilators prostaglandins
(PG)E2 and 12, and 10 to 100 times more potent than iso-
prenaline.10'17 The vasodilators acetylcholine and sub-
stance P, although potent hypotensive agents when in-
jected intravascularly in the rabbit, are extremely weak
when injected intradermally in rabbit skin.10'18 Thus, al-
though amylin amide was less potent than CGRP, a highly

significant vasodilator effect of amylin amide was ob-
served in rabbit skin.

The finding that amylin amide has a high structural sim-
ilarity with CGRP has led to the use of CGRP to examine
for possible activities of amylin amide that are relevant to
the pathology of diabetes. This led to the demonstration
that rat synthetic alpha CGRP and human purified amylin
amide, extracted from diabetic pancreas, were equipo-
tent in inhibiting basal and insulin-stimulated glycogen
synthesis in rat muscle in vitro.20.23

CGRP is contained in and released from capsaicin-
sensitive C-fiber nerves, which are often found in close
association with the smooth muscle of blood vessels.9 21
Intradermal CGRP can have protracted vascular effects
and then be inactivated locally, without reaching blood.22
In contrast, amylin amide is colocalized with insulin, a cir-
culating hormone, in the beta cells of the pancreas.34 If
amylin amide is released into blood, high local concentra-
tions could have vasodilator effects in the pancreas. In
addition amylin amide could circulate in an active form, as
has recently been suggested.23 The structural similarity of
amylin amide to CGRP and the similar long-lasting hypo-
tensive response to both amylin amide and CGRP indi-
cates that CGRP and amylin amide could exert their vaso-
dilator activity by similar mechanisms, perhaps acting on
the same receptors. If so, it is possible that amylin amide
can affect the responses of vascular smooth muscle to
nervously released CGRP in the diabetic. Alternatively en-
dogenous amylin amide could, by itself, stimulate vasodi-
lator responses. Both mechanisms could be relevant to
the changes in microvascular tone and permeability ob-
served in diabetic patients.24

Amylin amide used in this study was synthesized ac-
cording to the sequence of amylin amide extracted and
purified from diabetic pancreas and the experiments were
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Figure 3. The effect of intravenous substance P, CGRP, and
amylin amide on arteriolar blood pressure in the rabbit. A: A
typical tracing showing arterial blood pressure responses to
substance P and CGRP. B: A trace to show the effect of CGRP
and amylin amide.
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performed in the rabbit. Our previous studies with human
synthetic CGRP sugest that results from studies carried
out in the rabbit are highly relevant to the action of CGRP-
like peptides in humans.1022 In conclusion, the present
results suggest that further studies into mechanisms by
which amylin amide can affect vascular tone are poten-
tially important to understanding the pathology of type 11
diabetes.
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