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1. General Information 

Adrenomedullin (ADM) is a 52 amino acid 
peptide isolated by Kitamura et al from a 
human pheochromocytoma in 1993 that has a 
strong hypotensive action in anesthetized rats 
(16, 17). It is structurally homologous to 
calcitonin (CT), calcitonin-gene related peptide 
(CGRP), and amylin which are considered to 
form a family, the CT/CGRP family (8). It is now 
known to be expressed in various tissues of the 
human body particularly the adrenal medulla, 
the heart and the lungs but also in other tissues 
including the pancreatic islets (22). However, 
with the discovery that it is most highly 
expressed in endothelial and vascular smooth 
muscle cells, the peptide is regarded as a 
product of the vascular endothelium.   

The peptide has an amidated carboxy terminal 
which is characteristic of bioactive peptides 
and two cysteines forming a disulfide bond to 
produce a ring structure of six amino acids 
(Figure 1). The gene encoding ADM is located 
on chromosome 11 in humans and 
chromosome 7 in mice (12) and produces a 
pre-proadrenomedullin of 185 amino acids.  
After the amino terminal signal peptide is 
removed, the remainder is processed to yield 
multiple peptides one of which is ADM-Gly (95-
147). The C-terminal glycine is converted to a 
C-terminal amidation yielding mature ADM. 
Another peptide with biological activity in the 
precursor is proadrenomedullin N-terminal 20 
peptide (PAMP) consisting of the first 20 amino 
acids of Pro-ADM which also has direct 
vasodilator action. More detail on the 
processing can be found in the review by 
Schӧnauer et al. (28).  
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Figure 1. Amino-acid sequence of human Adrenomedulin. (Reproduced from Ashizuka et al. (4)). 

A second form of ADM termed ADM2 or 
intermedin was also identified in 2004 (11). Its 
biological effects resemble those of ADM but it 
is sometimes more potent. However, gene 
deletion shows that it is not essential. 

ADM is present in human plasma with normal 
concentrations between 1 and 10 pM; the 
glycine extended form is also present at similar 
concentrations (10). The plasma half-life of 
ADM has been estimated as 22 minutes. It is 
not clear which tissues contribute the most to 
plasma ADM but it is known there is no 
increase with catecholamine secretion, so it is 
not the adrenal medulla. The short plasma half-
life limits its therapeutic use although 
polyethylene-glycol (PEG) conjugates have 
been used to increase the half-life (8).  

Early studies showed that ADM could activate 
some receptors for the related peptide, CGRP 
(10). However, studies with 125I-ADM showed 
specific receptors on rat vascular smooth 
muscle cells (7, 13) that bound ADM with 10-
20 times higher affinity than CGRP. Results for 
a number of tissues and cell lines are compiled 
in Hinson et al. (10). In these studies, the 
human adenomedullin fragment, ADM 22-52 
acted as a specific antagonist.   

Molecular cloning studies identified the 
calcitonin receptor-like receptor (CRLR) as a 

Class B G protein coupled receptor in 1993. 
CRLR were homologous to the calcitonin 
receptor and identified in the lung, heart and 
kidney. However, their function requires 
coexpression of another protein, the receptor 
activity modifying protein (RAMP), a single 
pass membrane protein that in part acts as a 
chaperone for insertion of the receptor protein 
and affects the ligand specificity (24, 32). There 
are three forms of RAMP and the AM1 receptor 
specific for ADM is made up of CRLR 
combined with RAMP2.  The AM2 receptor 
contains CRLR and RAMP3 and has affinity for 
both ADM and CGRP. The CGRP receptor 
which does not bind ADM is made up of CRLR 
plus RAMP1. In the more recent literature 
CRLR is referred to as CLR (9). AM receptors 
almost always activate adenyl cyclase and 
increase cyclic AMP but in some cell types they 
also activate phospholipase C and mobilize 
intracellular Ca2+ (10, 29). It remains unclear 
whether a separate ADM2 receptor exists. 

ADM has pleotropic actions in multiple organs 
and tissues (14). Most studies of ADM action 
have involved the heart and vasculature where 
it dilates blood vessels. A unique biological 
effect is to stimulate angiogenesis. Gene 
deletion studies have involved the heart and 
vasculature and have shown that ADM, CLR 
and RAMP2 are necessary for development of 
the heart in mice (5, 6). Mice without ADM die 



between day 13.5 and 14.5 with hydops fetalis 
(generalized edema). In rat ventricular 
myocytes ADM has both contraction and 
relaxation effects mediated by Gs and Gi 
respectively (23). ADM is produced in the heart 
and acts locally to affect contractility, 
hypertrophy and fibrosis. Its plasma level is 
increased in patients with heart failure and 
other cardiovascular disease. ADM is a 
protective factor in the cardiovascular system 
and is currently being explored as a therapeutic 
agent for heart failure and myocardial infarction 
(31).   

ADM is also known to have multiple effects in 
the GI tract including anti-inflammatory actions, 
restoration of barrier function and effects on the 
GI microbiome (4, 19). ADM administered in 
the lumen was first shown to reduce 
inflammatory ulcers produced by acetic acid (3) 
and colitis induced by dextran sulphate in mice 
(2).  Clinical trials using ADM in ulcerative 
colitis and Crohn’s disease are underway in 
Japan (15). 

2. Role of Adrenomedullin in the 
Pancreas 

Evidence exists for ADM playing a role in the 
pancreas primarily in the islets but also on 
acinar cells.  In the rat embryo, ADM is 
localized to all islet endocrine cells but in the 
adult, it is primarily in the PP or F cells (20, 34). 
In most mammals and birds, ADM is located in 
the islets but in some lower vertebrates it is 
present in endocrine cells scattered among the 
acini (18). ADM is present in secretory granules 
in these cells.  By contrast, ADM receptors are 
present on islet cells especially β cells (21). 
There is evidence that ADM inhibits insulin 
secretion, that antibody to ADM potentiates 
insulin secretion, and in vivo that ADM will 
increase plasma glucose (22). This study 
appears well done but needs confirmation 

especially since another study reported that 
ADM stimulated insulin secretion (25). 

The other pancreatic cell type reported to be 
regulated by ADM is the acinar cell. Tsuchida 
et al. (30) showed that 125I-ADM specifically 
bound to isolated acini where it was displaced 
by ADM but not CGRP (30). ADM did not affect 
CCK binding to its receptor or the increase in 
intracellular Ca2+ induced by CCK but inhibited 
the release of amylase. The authors concluded 
that ADM inhibited acinar cells at a late step in 
secretion. This inhibition by ADM appeared to 
be mediated by a pertusis toxin sensitive G 
protein. While this study appears well done 
confirmation by another laboratory is needed. 
There is also one study that ADM can reduce 
cerulein induced experimental pancreatitis in 
rats, which may be related to its anti-
inflammatory actions (26). 

There is also evidence that ADM may be 
involved in diabetes. In type 2 diabetes, plasma 
ADM is increased but it is not clear if this is a 
cause or effect (33). ADM may also play a role 
in or be a marker of diabetes associated with 
early pancreatic cancer. ADM is upregulated in 
pancreatic cancer and in pancreatic cancer cell 
lines (1).  Patients with pancreatic cancer 
frequently have diabetes 2-3 years before 
being diagnosed with pancreatic cancer and 
older patients with diabetes have an increased 
chance of being diagnosed with pancreatic 
cancer (27). These authors suggest that ADM 
is a potential mediator of islet disfunction seen 
in early pancreatic cancer. 

3. Tools for Studying 
Adrenomedullin 

a. Synthetic adrenomedullin peptide is 
available from most peptide companies such 
as My Biosource and Abcepta. The peptide 
antagonist, Adrenomedulin 22-52 is available 
from Sigma chemicals and Abcam. 



b. Rabbit Antibody to ADM suitable for 
Western blotting is available from Abcam (ab 

190819).  A monoclonal Ab suitable for IHC is 
available from In Vitrogen. 
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