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Background: Obesity is characterized by a systemic low-grade chronic inflammatory oxidative condition
that affects vascular and cardiac smooth muscle relaxation. In human antrum, relaxation is mediated
by vasoactive intestinal peptide (VIP) through cAMP and cGMP signaling pathways. A genome-wide
association study has demonstrated an association between VIP and obesity.

Aim: To evaluate smooth muscle activity in human obese antrum, both in in vitro preparations as well as
in vivo.

ﬁ?r::;‘E;stric smooth muscle cells Methods: Antral muscle strips and cells were isolated from surgical gastric samples from obese and normal
Obesity weight subjects. Muscle contraction and relaxation, myogenic oxidative stress and inflammatory status

were analyzed in vitro. Distal antral motility was evaluated in vivo by magnetic resonance imaging.
Results: Obese antral muscle cells showed an oxidative-inflammatory imbalance with overexpression
of NLRP3 inflammasome, increased IL-1[3 secretion and caspasel-activation, and reduced antioxidant
capacity associated with a myogenic motor impairment of VIP-induced relaxation. The intracellular alter-
ations were characterized by a decreased activation of the cAMP-signaling pathway and a decreased
expression of eNOS. These in vitro alterations coincided with the hindering of antral motor activity
observed in vivo. Apocynin treatment, counteracting oxidative stress, reverted alterations observed in
obese antral muscle.
Conclusion: Antral myogenic activity of obese subjects can be impaired by alterations of signaling path-
ways induced by oxidative stress.

© 2018 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

Oxidative stress
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1. Introduction

Obesity is a condition closely associated with a systemic
low-grade chronic inflammatory oxidative condition [1]. Inflam-
mation occurs as a result of immune cell infiltration into the
adipose tissue and increased production of pro-inflammatory
cytokines intrinsically linked to oxidative stress and responsible
of obesity-derived metabolic complications. Oxidative stress and
inflammatory cytokines are also considered as potential factors
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in the induction of vascular dysfunction linked to hypertension,
atherosclerosis, heart failure and diabetes [2].

Tissue inflammation occurring in obesity is apparently due to
the nucleotide-binding oligomerization domain-like receptor fam-
ily pyrin domain containing 3 (NLRP3) that, once activated by ROS,
induces the release of the pro inflammatory cytokine IL-18 [3].
Generation of ROS, by reducing nitric oxide (NO) bioavailability,
significantly affects vascular and cardiac smooth muscle relax-
ation [4,5]. The decreased NO production in obesity has also been
ascribed to a reduced endothelial Nitric Oxide Synthase (eNOS)
protein expression [6]. Furthermore, oxidative stress and inflam-
matory cytokines interfere in the regulation of G-protein coupled
receptors (GPCR) that are essential molecules activating critical
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intracellular signaling pathways such as the cAMP and the phos-
phatidylinositol signaling pathways [7]. In particular, human antral
smooth muscle relaxation is mainly mediated by vasoactive intesti-
nal peptide (VIP) through its interaction with two subtypes of
GPCRs receptors, VPAC; and a single-transmembrane natriuretic
peptide receptor C (NPR-C) [8]. VPAC, activates adenylyl cyclase
and Protein Kinase A intracellular pathways whereas the NPR-C
receptor activates Ca2*/calmodulin-dependent eNOS, leading to NO
formation and activation of soluble guanylyl cyclase and Protein
Kinase G [9]. VIP binding to its receptors leads to the activation
of both cGMP- and, more importantly, cCAMP-dependent signaling
pathway, which is essential for human antrum relaxation [8]. Of
note, VIP pathway has been found to be significantly associated to
obesity by a genome-wide association study [10].

The key hypothesis of the present study is that obesity-related
inflammatory/oxidative imbalance may interfere with the VIP-
pathway induced relaxation of human antrum. Hence, smooth
muscle impairment in obese antrum was evaluated by using both
in vitro preparations (strips and cells) as well as in vivo in obese
subjects by using magnetic resonance imaging.

2. Materials and methods
2.1. Subjects

The 2 groups of subjects were studied consisting of 15 morbid
obese subjects submitted to sleeve gastrectomy (OB) and 13 nor-
mal weight subjects submitted to gastrectomy for gastric cancer
(NW), used as control group. Obesity was defined as BMI >30 kg/m?.
All subjects gave written informed consent and the study was
approved by the Ethical Committee (University Sapienza, rif.2903-
date: 26/09/2013).

2.2. Tissue preparations

Gastric antral muscle obtained from the 2 groups of subjects was
used for in vitro muscle preparations. Smooth muscle cells (SMC)
and strips were isolated separately from the muscle layer of surgi-
cal gastric samples of the terminal antrum [8] and primary cultures
of human SMC were prepared as previously described [11]. Surgi-
cal specimen from gastrectomy for gastric cancer were removed at
least 5-6 cm from the neoplastic area at the histologically disease-
free margin of antral resection in NW patients [8].

2.3. Measurement of contractile and relaxant muscle response

2.3.1. Strips

Tone was raised on muscle strips, after the equilibration period,
by a fixed dose of carbachol (10 wmoll~!) that was repeated
after 30 min and several washing steps. After, strips were exposed
to increasing concentrations of carbachol (0.1-1000 pmoll-1,
cumulatively) in order to obtain concentration-response curves.
Spontaneous phasic contraction of gastric antral strips was
expressed as frequency (min~!) and amplitude of contrac-
tion (mNcm~2). The contraction to carbachol was expressed as
mNcm—2,

Relaxation was evaluated in response to cumulated increasing
concentrations of VIP (0.01-3 umoll~!) added at a stable con-
traction plateau induced by KCl (80 mmoll-1), causing a tonic
contractile response of the strip that was stable for at least 20 min.
After the contraction plateau was reached, VIP was added to the
organ bath performing only one concentration response curve on
each strip. The relaxation to VIP was expressed as a percentage
decrease in the maximal contractile response to KCl. At the end of
each experiment, strips were removed, blotted and weighted.

2.3.2. Cells and treatments

Contraction and relaxation studies were performed as previ-
ously described [8]. The length of 50 cells in sequential microscopic
fields was measured by image-scanning micrometry both in
the control state and upon addition of tested agents using a
ProgRes® camera with CapturePro 2.6 application software (Jenop-
tik Laser Optik, Jena, Germany) installed on a phase-contrast
microscope (Leica Microsystems, Wetzlar, Germany). Contraction
was expressed as percentage decrease in cell length from control
taken as 100 and relaxation as percentage inhibition of contraction.

2.3.2.1. Apocynin exposure. To evaluate the contribution of oxida-
tive stress, OB gastric SMC were incubated for 24 h in the absence or
presence of the NADPH oxidase inhibitor apocynin (APO) (60 wM)
[12] and thereafter relaxation, antioxidant capacity, IL-13 secre-
tionand eNOS transcript were re-evaluated. SMC without APO were
considered as control.

2.3.2.2. Hydrogen peroxide treatment. To induce mild oxidative
stress, cells were treated with 30 wM H,0, for 30 min. After this
time samples were prepared for contractile activity analyses.

2.4. Total RNA extraction and qPCR on SMC

Total RNA was harvested from NW and OB SMC, using Trizol
(Invitrogen Life Technologies, Carlsbad, CA) and single-stranded
cDNA was synthesized according to the manufacturer’s pro-
tocol (Invitrogen Life Technologies). mRNAs were quantified
using TagMan Gene Expression Assays (Applied Biosys-
tems), with specific human primers: nlpr3(Hs00918082_m1),
pycard (Hs00203118.m1), caspase-1(Hs00354836_.m1), IL-1(3
(Hs00174097_m1), eNOS (Hs01574659_m1). Data were analyzed
and expressed as relative quantification (RQ) values obtained by
determining ACt values followed by determining A ACt values
and then RQ values via the equation 2-2ACt,

2.5. Antioxidant capacity and cytokine secretion measurement

NW and OB SMC antioxidant capacity was determined by evalu-
ation of the combined non-enzymatic antioxidant capacity by TAC
colorimetric assay Kit (Cell Biolabs Inc. San Diego, CA, USA), which
measures the sample’s capacity to convert Cu*? to Cu*!, follow-
ing manufacturer’s instructions. Results obtained by TAC assay are
converted to trolox equivalents. IL-1[3 levels were evaluated by
using a specific ELISA kit according to the manufacturer’s protocol
(Cayman; R&D) on the culture medium of an equal cells number.

2.6. Redox parameters

2.6.1. ROS

Cells isolated from NW and OB patients were incubated in
Hank’s balanced salt solution, pH 7.4, with dihydrorhodamine 123
(DHR123, Thermo Fisher) in polypropylene test tubes for 15 min at
37°C (final concentration 10 wM). DHR123 dye freely diffuses into
cells and is primarily oxidized by H,0, producing green fluores-
cence.

2.6.2. GSH

Following the same protocol, GSH intracellular content was
evaluated by using monochlorobimane (MBC, Thermo Fisher). Sam-
ples were washed twice in ice-cold PBS and immediately acquired
by an LRS II cytometer (Becton and Dickinson, San Jose, CA, USA)
equipped with a UVB laser.
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Table 1
Demographics and clinical data of obese patients.

Female Age (years) BMI kg/m? Upper GI symptoms PPI Antral histology
Acute inflammation Chronic inflammation
Patient 1 v 37 40.2 None 0 1+
Patient 2 N 46 51.5 None 0 0
Patient 3 i 52 433 None 0 1+
Patient 4 31 55.5 None 1+ 1+
Patient 5 v 19 415 Globus 0 0
Patient 6 N 41 38.1 None 0 1+
Patient 7 i 36 453 None 0 0
Patient 8 v 59 42.0 None 0 0
Patient 9 N 32 43.7 None 0 0
Patient 10 i 24 429 None 0 0
Patient 11 v 42 425 None 0 0
Patient 12 31 36.0 None 0 1+
Patient 13 N 47 45.1 None N 1+ 1+
Patient 14 v 31 39.8 None 0 1+
Patient 15 Vv 23 448 None 0 1+

BMI: body mass index; PPI: proton pump inhibitors; Hp: Helicobacter pylori.

2.7. Activation of caspase-1

Analysis of caspase-1 activation was performed by using
a specific colorimetric kit (BioVision, Milpitas, CA) following
manufacturer’s instructions. Samples were read with a spectropho-
tometer at 400-405 nm.

2.8. Evaluation of protein expression levels

Cell were fixed with 4% paraformaldehyde (Carlo Erba) and
then permeabilized with 0.5% Triton X-100 (Sigma-Aldrich). After
washings, cells were incubated with the polyclonal antibodies to
NLP3 (Sigma) or to capsase-1 (Millipore) for 1h at 4°C. After
washings, cells were incubated with anti-rabbit AlexaFluor 488-
conjugated (Termo Fischer) for additional 45 min at 37 °C. Samples
were acquired by an LRS II cytometer (Becton and Dickinson).

2.9. Magnetic resonance imaging and clinical gastrointestinal
evaluation in obese subjects

Distal antral contractile motility was evaluated with cine mag-
netic resonance imaging (MRI) as previously described [13]. After
anovernight fast, healthy NW subjects and OB subjects drank a 650-
ml standardized liquid meal (Nutridrink) over 10 min plus two egg
yolks and one albumen and 150 ml of water (525-kcal, 25% fat, 25%
protein, and 50% carbohydrate). Images were acquired before (TO),
immediately after the end of the meal assumption (T1) and every
20 min (T2-T5), for a total exam time of 100 min. Each gastric motil-
ity scan lasted 60 s with 100 images acquired in free breathing. The
distance between base points along the antral wall provided the
width of ACWs whereas the average distance between base points
of ACWs across the antrum provided the antral diameters [13].

In OB subjects, upper gastrointestinal (GI) symptoms were
assessed through a standardized questionnaire and upper GI symp-
toms were analyzed either separately or altogether to classify
subjects in gastro-esophageal reflux disease and dyspepsia syn-
drome, as defined by Criteria of Rome III [14,15].

2.10. Statistical analysis

Values are presented as means =+ SE of duplicate examinations of
nexperiments, nreferring to the number of subjects from whom the
stomach specimens were obtained to identify differences between
OB and NW. Statistical analysis was performed by parametric and
non-parametric ANOVA test, corrected for multiple comparisons
by the Bonferroni procedure, significance being set at p <0.05. Cor-

relation analysis was performed by parametric Pearson’s test. For
analysis, MRI scans were evaluated on a dedicated software to study
geometry of distal antral waves contractions (ACWs) and grouped
as TO, corresponding to fasting, T1-3 to the early 1 h post-prandial
period and T4-5 to the late post-prandial period.

3. Results

OB subjects were significantly younger in comparison to NW
[median age (range): 36 years (19-59) vs 55 years (42-63) respec-
tively, p=0.0285] and female gender was significantly prevalent in
OB compared to NW, fourteen vs one, respectively (p=0.0003). In
OB and NW, BMI [median kg/m? (range)] was 42.90 (36.0-55.5) and
21.6(19.8-24.0), respectively.

None of the OB subjects presented comorbidities (diabetes
mellitus; dyslipidemia; cardiovascular disease; hypertension) or
assumed drugs (nitrates, calcium antagonist, 3 blockers, proki-
netics) with potential effects on GI motility. At pre-surgical antral
histology (Table 1), half of the obese patients showed mild mucosal
chronic inflammation and only two of them a low-grade active
inflammation, without Helicobacter pylori infection.

3.1. Inflammasome components and oxidative stress in obese
human antral smooth muscle

The mRNA expression of nlrp3 and its co-molecules, pycard and
caspase-1 were overexpressed in human OB gastric SMC compared
to NW (Fig. 1A). An increased expression of IL-13 mRNA was also
observed in OB SMC. In addition, it was observed the secretion of
IL-1B in culture medium of OB SMC (11.07 + 1.98 pgml—1), which
was not detectable in SMC from NW subjects. As far as protein
expression level was concerned, a significant increase of NLRP3 was
observed in human OB gastric SMC compared to NW (Fig. 1B). By
contrast, the increase of caspase-1 protein level observed in OB
was not statistically significant, but a significant up-regulation of
the active form of caspase-1 was found in OB subjects, indicating
an activation of inflammasome (Fig. 1B).

Further, in comparison to NW subjects, a reduced antiox-
idant capacity was detected in gastric SMC from OB subjects
(—=55.22 £ 0.84% vs NW). Accordingly, in comparison with NW sub-
jects, a significant increase of ROS production (+61.34+7.12%,)
with a parallel reduction of GSH intracellular levels (—49.4 + 5.04%)
were detected, indicating a condition of oxidative stress in SMC
isolated from OB.
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Fig. 1. (A) Relative expression of mRNA of nlrp3, pycard, caspase 1, IL-1 in smooth muscle cells isolated from the antrum of obese (OB) vs normal weight (NW) subjects.
Data are determined by qPCR (Log, 2-2ACT OB vs NW). (B) Bar graph showing the expression levels of caspase-1 and NLRP proteins, evaluated by flow cytometry, and the
activation state of caspase-1, measured spectrofotometrically by a colorimetric assay. Results are reported as percent increase in OB vs NW and expressed as mean + SE
among three independent experiments. Data are expressed as mean =+ SE of 4-5 independent experiments, *p = 0.0542; **p = 0.0040; ***p = 0.0009 in obese vs normal weight.

3.2. Contractile activity of human OB gastric antral smooth
muscle

Muscle strips from NW and OB subjects displayed an intrin-
sic myogenic activity with phasic contractions of 3.96 +0.88
and 5.96+1.23mNcm~2 with an amplitude of 2.11+0.45 and
0.64+0.15min~!, respectively (p=0.0134). In these samples,
the maximum response to carbachol was significantly differ-
ent (p=0.0001). In fact, it was reached at a concentration of
1000 wmol -1, with 1022.0 +59.70 mN cm~2, in NW subjects, and
at a concentration of 100 wmoll-!, with 107.9+39.15mNcm—2,
in OB subjects. No differences were instead observed between
SMC from NW and OB antrum either in resting cell lengths
(77.83 £5.13and 74.90 £ 2.92 wm, respectively) or in maximal con-
tractile responses (25.33 +£1.78 and 26.27 & 1.54%, respectively).

3.3. Relaxant activity of human gastric antral smooth muscle

VIP caused a dose-dependent relaxation of both NW and OB
muscle strips that was however significantly reduced in samples
from OB. Representative traces of VIP-induced inhibition of con-
tractile activity in muscle strips in NW and OB subjects are shown
inFig. 2A and B. In OB strips, maximal relaxation induced by VIP was
inhibited by 57.15% in comparison with NW (Fig. 3A) and almost
completely absent in SMC from OB subjects (Fig. 3B). The impaired
relaxant muscle response to VIP in SMC was not correlated to
blood glycemia (r=-0.29,95%Cl: —0.890t0 0.686; p=0.587) or total
cholesterol levels (r=0.2457, 95%Cl: —0.706 to 0.8815; p=0.638).

To further identify the effects of oxidative stress on VIP-induced
relaxation in SMC, chemically-induced oxidative stress was inves-
tigated on SMC of NW subjects after exposure to 30 wM hydrogen
peroxide for 30 min, an experimental condition able to induce
caspase-1 activation in human gastric SMC (data not shown). After
exposure to hydrogen peroxide, VIP-induced relaxation was inhib-
ited by 69.79 £ 9.7% in comparison with control buffer.

3.4. VIP-associated signaling transduction pathways

In order to better analyze the impairment of VIP-induced
antrum relaxation in OB, the effects of direct activators of cyclases
and of the 2nd messengers of the two VIP-related transduction
pathways in human antrum [8] were tested, separately, in the
absence of VIP and the expression of eNOS, a key molecule in cGMP-
transduction signaling, was analyzed by qPCR.

Table 2

Magnitude of diameters variations and width of antral contraction waves dur-
ing fasting (TO), 1h (T1-T3) and 2 h (T4-T5) postprandially. Data are mean +SE,
*p=0.0001 obese (OB) vs normal weight (NW) subjects.

Diameters variations (cm) Antral contraction waves (cm)

OB NwW OB NW
TO 0.238+0.013* 0.302+0.013 0.988 +0.020* 1.216+0.021
T1-3 0.246 +£0.012* 0.341+0.015 1.057 £0.021* 1.394+0.021
T4-5 0.248 +£0.013* 0.307 +£0.012 0.933 +0.020* 1.261+0.021

OB SMC underwent an impairment of the cAMP-dependent
transduction pathway, both at cyclase and second messenger level.
Relaxation induced by the adenylate cyclase activator FSK was
significantly inhibited (-26.79 +7.53%) in OB vs NW SMC. By con-
trast, it was significantly increased by cAMP (+41.22 +4.35% in
OB vs NW, Fig. 3C). Instead, no alterations were observed in the
cGMP-dependent transduction pathway relaxation induced by the
guanylate cyclase activator SNP, being similar in OB and NW cells.
Of note, cGMP caused a higher relaxation in OB in comparison to
NW cells (Fig. 3D). The quantitative real-time PCR also showed a
decreased expression of eNOS mRNA in human gastric OB SMC
compared to NW (2-2ACt OB vs NW: 0.11 +0.05).

3.5. Antral contractions and clinical gastrointestinal evaluation
in obese subjects

In OB subjects, the motility scans showed a hindered antral
motor activity both during fasting and postprandial periods in term
of magnitude of antral diameter variations and ACWs (Table 2). The
reduced muscle dynamism was reflected by significantly reduc-
tion of magnitude of antral diameter variations and ACWs width in
OB in comparison with NW subjects, both during fasting (TO) and
post-prandial (T1-3 and T4-5) periods. Negative correlations have
been found between antral ACWs width and ROS (r=-0.961, 95%CI:
—0.996 to 0.679; p=0.0023) or caspasel-activation (r=-0.901,
95%Cl: —0.989 to 0.332; p=0.0142), whereas a positive correla-
tion between ACWs width and GSH content (r=-0.939, 95%CI:
0.538-0.993; p=0.0054) was observed. Furthermore, the post-
prandial increase in ACWs width, observed in the early first hour
post-prandial period (T1-3) with respect to the corresponding TO,
was significantly less in OB (7.204+0.60%) than in NW subjects
(14.73 £0.38%).

This reduced antral motility observed in OB subjects was not
associated to defined clinical presentations in that the Rome II
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Fig. 2. Representative traces of VIP-induced inhibition of human antral muscle strips contractile activity in normal weight (A) and obese (B) subjects.

Modular Questionnaire for functional disorders showed that 90.9%
(10/11) of OB subjects did not complain upper gastrointestinal
symptoms. In NW subjects, given the presence of gastric cancer,
clinical symptoms have not been considered.

3.6. Oxidative stress contribution to the impaired relaxation

To establish the potential role of oxidative stress in gastric myo-
genic impairment occurring in samples from OB subjects, apocynin
(APO), a specific inhibitor of NADPH oxidase, was used for in vitro
experiments, as previously tested in SMC preparations [12] (Fig. 4).
A 24 h-incubation of OB SMC with APO (60 wM) was able to restore
relaxant responses to VIP, FSK and cAMP to values similar to those
observed in NW SMC. APO administration also increased antioxi-
dant capacity in OB SMC, significantly decreased their secretion of
inflammatory cytokine IL-1f3, and “normalized” eNOS expression

(Fig. 4).
4. Discussion

This study provides the first direct evidence that antral smooth
muscle relaxation is impaired in obese subjects and that this is
apparently due to a muscular oxidative imbalance that mainly
affects the cAMP-signaling pathway and the expression of eNOS,
two key components of VIP-induced relaxation [9]. These alter-
ations that were observed in both muscle strips and SMC probably
lead to a hindered antral muscle dynamics in vivo with a reduction
in width of antral contraction waves and diameter variations. The
key role played by oxidative stress in the observed muscle alter-

ations was supported by the ability of apocynin to restore in vitro
myogenic relaxation and by the positive correlation found between
ACWs widths and the altered inflammatory/oxidative balance in OB
subjects.

Several studies have reported that a pro-oxidant inflammatory
environment was present in obesity and correlations have been
established between free radicals-mediated oxidative stress and
body mass index or high fat diet [ 16]. In vascular muscle of OB sub-
jects, the pro-oxidative imbalance leads to the activation of NLRP3
inflammasome, and the release of active IL-1f3 yielding to a pro-
inflammatory microenvironment [1]. The present study highlights
that a similar condition could also occur in antral muscle from OB
subjects and that this was not related to the low grade of mucosal
inflammation observed in some OB subjects, since similar muscle
alterations were present in all patients regardless of their mucosal
features.

In vascular muscle of OB subjects, the oxidative-inflammatory
status was reported to affect human antral motor apparatus in dif-
ferent ways. It has been observed that myogenic relaxation was
impaired and this was mainly due to the dysfunction of the cAMP-
signaling pathway. As a consequence, the responses to FSK, an
activator of the adenylate cyclase, and to the 2nd messenger, were
significantly reduced. An impairment of the cAMP-signaling follow-
ing oxidative stress has already been reported in human endothelial
cells[17]and in human airways SMC|[18] as a consequence either of
an increased activity of phosphodiesterases that inactivate cAMP,
or of an interference of IL-13 on cAMP generation. The lack of eNOS
expression, previously observed in obese human [5] and rodent
[19] muscle tissues, could also contribute to determine the impair-
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ment of muscle relaxation observed in obese antrum. In fact, it has
been reported that inflammatory cytokines decrease the stability
of eNOS mRNA [20], and an excess of adipose tissue, by blunting NO
production, causes a decrease in skeletal muscle activity [21] and
microvascular dysfunctions [1]. Further, an increase of ROS pro-
duction reduced the amount of bioactive nitric oxide, converting it

to toxic peroxynitrite, which could uncouple eNOS from signaling
[22].

The present study shows that in antral SMC from OB subjects the
impairment of eNOS expression impeded VIP-induced activation of
the cGMP-signaling pathway, that resulted functionally unchanged
since a similar relaxation occurred in OB and NW SMC in response
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to SNP, an activator of the guanylate cyclase. The increased efficacy
of the 2nd messenger cGMP, we observed in antral OB SMC, has
previously been reported in cardiac smooth muscle cells, in which
oxidative stress activated the cGMP-dependent kinase [18].

The key role of oxidative stress in the impairment of human OB
antral muscle functionality was also confirmed by the fact that the
inhibition of NADPH oxidase activity, the main enzyme involved
in production of reactive oxygen species, by apocynin reverted
either the impairment of antioxidant cell capacity or inflammatory
cytokine IL-1(3 secretion or eNOS down regulation in vitro, restoring
a physiologic relaxation response. The effectiveness of apocynin in
restoring VIP-induced relaxation could therefore be ascribed to its
ability to normalize both the cAMP signaling and eNOS expression.
The great increase in the cellular antioxidant capacity after apoc-
ynin treatment is in accordance with its ability to up-regulate the
synthesis of glutathione, a potent intracellular antioxidant [23].

A further consequence of the oxidative-inflammatory status
was the altered contraction observed in human smooth muscle
strips, but not SMC. This seems to suggest that the alterations in
OB antral neuromuscular apparatus also involved the myenteric
plexus. Accordingly, IL-1[3 has been reported to affect Ach-induced
intestinal contraction through a neurally-mediated mechanism on
the myenteric plexus that not involve directly smooth muscle [24].

The impaired relaxation of SMC observed in vitro coincided with
a hindered antral motility with reduction in width of antral con-
traction waves and diameters variations observed in vivo during
fasting and post-prandial periods. Although a significant correla-
tion was found between ACWs and muscle oxidative imbalance
during fasting, the direct involvement of oxidative stress in ACWs
should be confirmed on a larger number of samples before being
considered biologically significant. This antimotility condition is
further supported by the intrinsic myogenic activity of muscle
strips in which the increase in the force resulted associated to a 70%
decrease in the amplitude of spontaneous contractions in respect
to NW [25]. A similar condition appears to play a significant role in
coronary microvascular dysfunction observed in obesity [26]. The
hindered antral muscle dynamics did not appear to be associated
to upper gastrointestinal symptoms, in particular dyspepsia, con-
sidering that all the obese subjects we analyzed did not present
relevant clinical symptoms. Thus, the contribution of antral motil-
ity in the pathophysiology of dyspepsia remains secondary despite
the prevalent role of gastric fundic relaxation [27]. In fact, no differ-
ences in proximal stomach function have been reported between
OB and NW subjects [28]. In addition, the absence of impairment
of the cGMP-dependent pathway in OB muscle reported in the
present study further strengthens that the relaxation of proximal
stomach is likely not affected [8]. However, the absence of symp-
toms in OB subjects may also be related to the impaired visceral
sensation, ascribing to a dysfunction of the autonomic nervous
system. According with this, in OB subjects both manometric and
endoscopic esophageal alterations have been reported to occur pre-
dominantly in the absence of GI symptoms [29,30].

Our study has limitations in terms of the heterogeneity of the
subjected analyzed. In fact, OB and NW subjects presented differ-
ences in terms of age and gender, with a greater prevalence of the
female gender in the obesity group and a higher prevalence of older
males in NW subjects undergoing to surgery for gastric cancer. The
higher prevalence of women in the OB group is in accordance with
the global gender disparity that shows, in developed countries, a
prevalence of OB women in comparison to men [31]. In addition, it
has also been observed that OB men underuse bariatric surgery. As
far as age is concerned, OB subjects candidate to bariatric surgery
are often younger than subjects with gastric cancer whose preva-
lence increases with age.

In conclusion, this study demonstrates for the first time that
myogenic alterations occurring in antral muscle in OB subjects

could mainly be ascribed to ongoing oxidative stress that impairs
relaxation. Similar alterations might occur in other visceral muscles
and further studies are required to elucidate the functional signifi-
cance of the observed motor alterations. Further, a novel functional
link between VIP and obesity has been established, supporting the
genome analyses[10], that could be important in the understanding
the possible role of this pleiotropic neurotransmitter with multiple
physiological activities in determining wide biological alterations.
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