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Abstract: Adrenomedullin (AM) is a novel hypotensive peptide that also exerts powerful anti-inflammatory effects. We
recently showed that AM significantly reduces the clinical severity of acetic acid-induced colitis, an experimental model of
inflammatory bowel disease (IBD) in rats. In the present study, we examined the effect of AM in two alternative rat models of
IBD. We found that 2,4,6-trinitrobenzenesulfonic acid (TNBS) induced megacolon development in the saline-treated group, but
AM treatment reduced the macroscopic damage caused by TNBS. In the dextran sulfate sodium (DSS) model, treatment with
AM reduced diarrhea and bloody stool scores, but did not reduce body weight. Histological analysis revealed that in boththe -
TNBS and DSS models, colon inflammation was much more severe in the saline-treated group than in the AM-treated group.
These findings indicate that the anti- mﬂammatory properties of AM make it an effective therapeutic agent for the: treatment of
IBD in rats. :
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1. Introduction

Inflammatory bowel disease (IBD) comprises a group of
immune-mediated chronic intestinal disorders that include

- ulcerative colitis (UC) and Crohn’s disease (CD) 2 IBD

patient numbers are increasing yearly. The pathogenesis of
IBD is generally. accepted involving infiltration of
neutrophils and overexpression of pro-inflammatory
mediators, such as reactive oxygen metabolites and cytokines

3, Although the exact nature of its mechanism of action is still

uncertain. .

Adrenomedullin (AM) is a pluripotent bioactive peptide,
which was initially isolated from human pheochromocytoma
in 1993 *. Since its isolation, AM has been shown to be
widely distributed among various organs and tissues,
including the human digestive system, and to be involved in
a variety of physiological functions such as vasodilatation,
hormone secretion, neurotransmission, embryogenesis,
wound healing, and immunoregulation 5, ‘

In our previous study, we report that AM reduces the
severity of acetic acid-induced colitis in rats °. Experimental
animal models are important tools that provide various

results us to research the pathogenesis of diseases and to test
emerging therapeutic strategies. Two colitis models,
2.4,6-trinitrobenzenesulfonic  acid (TNBS) and dextran
sodium sulfate (DSS), are canonical IBD models whereby the
onset of inflammation is immediate and the procedure is
relatively. Therefore, these two models have been frequently
used ",

The aim of this study was to examine the effect of AM
administered in these two alternative IBD models.

2. Materials and Methods
2.1.Am'mals*

Male Wistar rats at 7 weeks of age were purchased from
Charles River Laboratories (Kanagawa, Japan) and
maintained under a 12 h light/12 h dark cycle in specific .
pathogen-free conditions with a normal diet. The present
study was performed in accordance with the Animal Welfare
Act and with the approval of the University of Miyazaki
Institutional Animal Care and Use Committee (2008-501-2).
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2.2, Pepiide and Chemicals

The recombinant human AM used in this study was
provided by Sionogi (Osaka, Japan). TNBS and DSS were
purchased from Nacalai Tesque (Kyoto, Japan) and Wako
Pure Chemical Industries, Ltd. (Osaka, Japan), respectively.

2.3. Induction of TNBS Colitis and Treatment with AM

Rats were fasted for 24 h prior to the induction of colitis, but

“were freely allowed tap water throughout. TNBS colitis was

induced by rectal administration of TNBS (30 mg in 50%
ethanol, 0.5 mL totdl volume) via a polyethylene catheter
inserted 8 cm from the anus. Following instillation, the
animals were maintained in a head-down position for 30
seconds to prevent leakage. AM (1.0 pg/hr/rat) or saline
(control) were given to rats on the start day of TNBS
.application via the intravenous route using osmotic mini
- pumps (ALZET Osmotic Pumps, Cupertino, CA, USA) and
continued until day 14. Rats were sacrificed on day 14 after
induction of colitis. In case of died before sacrifice, we
performed an autopsy (Fig. 2). An overview of the
experimental design is shown in Fig: 1. '

24 Inductzon of DSS Colitis and Treatment with AM
DSS cohtls was mduced by an intake of 5% (wiv) DSS

(5,000 MW) dissolved in drinking water for 3 consecutive

days, which was then was replaced with 1% DSS water for 11
days. AM (5.0 pg/hr/rat) or saline (control) were given to rats
on the start day of DSS application via the intravenous route
using osmotic mini pumps and continued until day 14. Rats
were sacrificed on day 14 after induction of colitis. An
overview of the expenmental design is shown in Flg 1.

A. TNBS colitis

TNBS AM (1.0pg/hr/rat) or saline
™, dad w ow collectlon of tissues
7 . . and blood
measurement of BP-
' B. DSS colitis
AM (5.0pg/hr/rat) or saline
S5%DSS 1%DSS
7w 8W sw 10W

colIectlon of tissues
and blood

measurement of BP

Figure 1. Overview of experimental design. (4) TNBS colitis model (B) DSS
colitis model.

2.5. Score of Diarrhea and Bloody Stool

*Rats were checked daily for body weight, diarrhea and stool
condition. Scores of diarrhea and bloody stool are shown
tablel.

Effect of Adrenomedullin Administration in Two Rat Models of Experimental Inflammatory Bowel Disease

2.6. Histological Analysis

Samples of colonic tissue were fixed in buffered  10%
formaldehyde. Sections (5 pm) were stained with hematoxylin
and eosin, then processed for histological examination using
standard techniques °.

2.7. Statistical Analysis

Comparisons of all data were made employing analysis of
student T-tests. Values are presented as means + S.E., and
significance was set at P-<0.05.

Table 1. Score of Diarrhea and Bloody Stool

_3. Results’ |

" Figure 2. (4) The rat cage in which ileus was caused by TNBS treatment.

There was no-trace of emptied bowels for seven days. (B) Small amount of
abdominal dropsy and the intestinal tracts stuck together. (C) The large
intestine was removed and is shown to have formed a megacolon (D) Mucous
membranes were tattered following colitis induction,

Control +AM 1,0pg/hefrat

Figure 3. Representétive colon appearance in the (A) saline and (B)
AM-treated groups of TNBS colitis model. Representative histological
appearance of rat colonic- mucosa in the (C) saline and (D) AM-treated

groups.
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We performed two experiments as shown Fig. 1. In the
TNBS colitis model (Fig. 1A), body weight and colon length
did not differ between both groups (data not shown). In
addition, no significant differences were noted in systolic and
diastolic blood pressures (SBP and DBP, respectively)
between both groups (data not shown). TNBS treatment
induced megacolon and ileus development prior to death in
the saline-treated group (Fig. 2A-D). In the AM treated group,
megacolon and ileus development were not observed.
Histological analysis revealed that in the TNBS model, colon
inflammation was much more severe in the saline-treated
group than in the AM-treated group (Fig. 3A-D).
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Figure 4. Daily changes of body weight (4), score of diarrhea (B) and score
of bloody stool (C) in DSS colitis model: closed circles, AM-treated groups;

open circles, saline groups. The results are shown as means + S.E (n=4).
#p<0.05, **p<0.02 vs. control.
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Figure 5. Comparison of (4) colon length (cm) and (B-C) histology in DSS
colitis model. The results are shown as mean £ S.E. (n=4). *p<0.05 vs.
control.

In the DSS colitis model (Fig. 1B), treatment with AM
increased body weight (Fig. 4A) and reduced diarrhea (Fig.
4B) and bloody stool scores (Fig. 4C). No significant
differences were noted in SBP and DBP (data not shown).
Furthermore, colon length in the AM-treated group was longer
than in the saline-treated group (Fig. 5A). Histological
analysis revealed that in the DSS model, colon inflammation
was much more severe in the saline-treated group than in the
AM-treated group (Fig. 5B, C).

-

4. Discussion

In this report, we describe the effect of AM treatnient in
two alternative rat models of IBD. AM, isolated from human

- pheochromocytoma tissues arising from the adrenal medulla,

is a biologically active peptide with multiple effects,
including powerful vasodilating action, and is now known to
exert a wide range of physiological effects, including
cardiovascular protection, neovascularization and apoptosis
suppression “>'°. In this study, no significant differences
were noted in SBP and DBP in both models. Therefore AM
did not have an adverse effect on blood pressure and could be
a suitable candidate IBD therapeutic. o

AM, amylin and calcitonin gene-related peptide (CGRP) -
show close sequence homology and present overlapping
spectra of biological activity. The CGRP superfamily can
influence gastrointestinal activities through the autonomic
nervous system ', In addition, some evidence shows that
AM can elicit a gastroprotective effect on acetic acid- °,
ethanol- '* and reserpine-induced gastric lesions models . In
the present study, we demonstrated that AM can also elicit a
gastroprotective effect on two alternative models. Our
findings coincide with these reports.

TNBS treatment induced megacolon development in the
saline-treated group, while AM treatment reduced the
macroscopic damage caused by TNBS. In addition,
histological analysis revealed that in the TNBS model, colon
tissue inflammation was much more severe in the
saline-treated group. The TNBS colitis model results n a
more severe condition compared with the DSS colitis model.
However, we were unable to find differences in body weight
and colon length in the TNBS model. Because TNBS is
injected only once to make this model, no difference in gross
appearance was observed between the saline and AM-treated
groups. , o ; ,

Conversely, in the DSS colitis model treated with AM, an
increased body weight and colon length were observed, with
reduced diarrhea and bloody stool scores. Furthermore, colon
tissue inflammation was much more severe in the
saline-treated group as observed by histological analysis.

‘In IBD and experimental colitis, blood monocytes are
recruited to the mucosa where they differentiate into
activated macrophages that produce pro-inflammatory
cytokines, such as tumor mnecrosis factor-oo (TNFo),
interleukin (L)-1 and IL-6 "' It can therefore be deduced
that AM treatment inhibits production of TNFa, IL-1 and
1L-6 via suppression of activated macrophages. However,
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further investigations are needed to confirm these ﬁndmgs

AM has been shown to be widely distributed in
gastrointestinal tissues including the stomach, duodenum,
jejunum, ileum, colon, and rectum '®. AM receptor
expression has also been shown to be widely distributed in
many of these organs and tissues '®'. It is therefore believed
that AM can act directly on these tissues.

Indeed, we are currently working on clarifying the
mechanisms by which AM protects from' colitis. In the
present study, we demonstrated a protective effect of AM
treatment against colitis induced by TNBS and DSS in rats.
These findings indicate that the anti-inflammatory properties
of AM make it an effective candidate therapeutic agent for
the treatment of IBD. Further studies of AM treatment will

- expand on these findings.
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Abstract

‘Plasma levels of adrenomedullin (AM), a bioactive peptide produced in édipose tissue, have been
shown to be higher in obese patients than in non-obese patients, but little is known about
gender differences in plasma AM levels. The aims of this study were to darify gender-related
alterations in plasma AM levels and to examine the body weight (BW) gain—plasma AM
relatlonshlp in the general populatlon We measured plasma AM levels of 346 local residents
(62. 0+8. 9years, mean-+s.n.)inthe Knyotake area, Japan, who underwenta regular health check-
up, by a specific fluorescence immunoassay. Plasma AM levels in the female residents were lower
than that in the males, and multiple regression analysis revealed a possible gender difference
in plasma AM. The AM levels were significantly correlated with BMI or waist circumference in
women, but such a relationship was not seen in men. When the subjects were divided into two
groups by results of a questionnaire about BW gain of 10 kg or more since the age of 20 years,

Key Words
» adrenomedullin
p» plasma level
» gender difference
» body Weight gain

- the plasma AM level of women with BW gain = 10 kg was significantly higherthan that inthose

without BW gain, although no difference was noted between the men with and without BW
gain. In conclusion, possible gender differences were noted in the plasma AM levels and inthe
BW gain—plasma AM relationship in the general population. The plasma AM levels in the female
residents without BW gain seem partly attributable to the lower AM of women.

Endocrine Connections
(2015) 4, 43-49

Introduction

4 Adrenomedullin (AM) is a potent vasodilator peptide first

isolated from human pheochromocytoma tissue,
although this peptide has also been shown to be present
in a wide range of human tissues or organs: the adrenal
medulla, heart, blood vessels, kidneys, and adipose tissues

(1, 2, 3). Anumber of functional analysis studies have been

carried out since its discovery, revealing that AM has
pleiotropic actions, including blood pressure-lowering

effects, natriuresis, cardiovascular protection, and allevia-

tion of insulin resistance (4, 5, 6, 7). On the other hand,

AM was shown to circulate in human blood, and its
plasma levels are elevated in diseases such as hyperten-
sion, heart failure, and sepsis (2, 8). Plasma AM levels have
also been found to be higher in patients with obesity than
in control subjects, suggesting the active production
and secretion of AM from human adipose tissue (6, 9).
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Consistent with this, Nambu et al. (10) reported that mice
fed a high-fat diet showed augmented AM expression in
the fat tissues and elevated plasma levels concomitant
with increased body weight (BW). As inflammatory
cytokines, including tumor necrosis factor alpha (TNFa)
and interleukin 1 beta (IL18), were reported to increase AM
production, low-grade inflammation in fat tissues associ-
ated with obesity is assumed to be involved in the
increased expression of AM (6, 8§, 11). When evaluating
plasma levels of endogenous bioactive substances, we
sometimes need to take gender-related alterations into
account. For instance, plasma levels of brain natriuretic
peptide (BNP), a bioactive peptide exerting vasodilatory
and blood pressure-lowering effects, are highef in women
than in men (12). Another example is the renin-

angiotensin-aldosterone system: estrogen, a sex steroid
. hormone, has been shown to modulate this system in

various manners (13). Meanwhile, as indicated by a search
of the literature, little is known about gender-related
alterations in plasma AM levels or AM production. The
aims of this study are thus to clarify whether there are
gender—related alterations in plasma AM level and to
determine the relationship between BW gain and plasma

~ AM levels in human subjects by examining local
1esidents in a Japanese community using a newly

developed, automated, AM-specific fluorescence immuno-
assay. In addition to AM, we measured plasma levels of
BNP and an N-terminal fragment of the BNP precursor
(NT-proBNP) -in order to compare gender- or BW gain-

" related alterations in AM with those of the BNP peptides.

Materials and methods
Study subjects and protocol

Local residents of the Kiyotake area, Miyazaki, Japan, who
underwent an annual regular health check-up as part of a

* specific health program of the Japanese government from
2008 to 2013, were randomly selected for this study (172

males'and 174 females; 62.0+8.9 years, mean +s.p.). Upon
visiting the community center of Kiyotake Town, the
medical history of the residents, which included the
questionnaire of whether or-not they have had BW gain
of 10 kg or more since 20 years of age, was taken by nurses,
and blood pressure was measured with an oscillometric
automatic device (BP-103ill, Colin, Nagoya, Japan) in a

" sitting position. The history taken was confirmed by

physicians, who then carried out physical examination

- including auscultation. Exclusion criteria were as follows:

first, residents with medical history, symptoms, or signs

indicative of any heart disease were excluded because the
plasma levels of AM, BNP, and NT-proBNP were shown to’
be elevated in patients with ischemic heart disease or heart
failure (8, 14). Second, renal function is an important
determinant of those peptide levels (14, 15), therefore we
excluded residents with estimated glomerular filtration -
rate (eGFR) of 30 ml/min per 1.73 m? or lower. eGFR was
calculated with the following formula of the Japanese
Society of Nephrology (16): 194 X serum creatinine = 074 x

age™ %28’ ml/min per 1.73 m?, further multiplied by

- 0.739 for women. Lastly, because elevated blood glucose
" was shown to increase plasma AM levels (17, 18), we

excluded residents whose HbAlc was 6.5% or higher, so as

not to select those with uncontrolled diabetes mellitus.
This study was approved by the Review Committee

for Cooperative and Commissioned Research and the

‘Ethics Committee of the University of Miyazaki Faculty

of Medicine. All subjects examined gave their written
informed consent before participating in this study.

Measurements of bioactive peptides in plasma

To measure the plasma levels of AM, BNP and NT-proBNP
after overnight fasting, blood from an antecubital vein.
was collected into tubes with 1.0 mg/ml EDTA-2Na and
500 kallikrein inhibitory units (KIU)/ml of aprotinin.
Plasma was obtained by centrifugation at 1710 g for
10min at 4°C and stored at —30°C until the assay.
Plasma levels of AM were measured by a specific
fluorescence immunoassay (Tosoh Corporation, Tokyo,
Japan) with two independent antibodies: one binds to the
ringed structure and the other to the middle region
between the ring and C-terminal portions of the peptide,
as previously described (9, 19). The AM assay reagent
prepared by an immediate freeze-dry procedure was
composed of in-house magnetic beads coated with the
anti-ringed structure antibody and alkaline phosphatase-
labeled anti-C-terminal portion antibody. This assay
reagent can be used with a commercially available,
automated ‘immunoassay analyzer (AIA-System, Tosoh
Corporation). The limits of detection and -quantitation
of this assay were determined to be 0.133 and
0.085 pmol/l, respectively, according to the Clinical
and Laboratory Standards Institute (CLSI) protocols. -
Intra- and inter-assay coefficients of variation of this
assay were 1.8% (n=10) and 5.1% - (n=11) respectively.
BNP and NT-proBNP levels were determined by chemi-
luminescent immunoassay (Shionogi & Co. Ltd, Osaka,

"Japan) and electro-chemiluminescence assay (Roche

Diagnostics) respectively (20, 21).
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