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Effect of dietary management on the gastric endocrine
cells in patients with irritable bowel syndrome
T Mazzawi1,2, T Hausken2, D Gundersen3 and M El-Salhy1,2

BACKGROUND/OBJECTIVES: The gastric endocrine cells in patients with irritable bowel syndrome (IBS) tend to normalize
following dietary guidance. The aim of the present study was to identify the gastric endocrine cell types that are changed following
such dietary guidance.
SUBJECTS/METHODS: Fourteen IBS patients and 14 healthy subjects were included in the study. Patients received three sessions of
individual dietary management guidance. Gastroscopy was performed on both the controls and the patients at baseline and then
again for the patients at 3–9 months after dietary guidance. Biopsy samples from the corpus and antrum were immunostained for
all gastric endocrine cell types. Endocrine cells were quantified by computerized image analysis.
RESULTS: The densities of the ghrelin cells for the controls and IBS patients before and after dietary guidance were 149.6 ± 36.2
(mean± s.e.m.; 95% confidence interval (CI) 71.3–227.8), 114.5 ± 32.7 and 161.8 ± 37.8 cells/mm2, respectively. The densities of the
gastrin cells in these groups were 155.8 ± 21.0 (95% CI 110.3–201.2), 159.4 ± 24.3 and 211.6 ± 28.0 cells/mm2, respectively; the
corresponding densities of serotonin cells in the corpus were 18.2 ± 3.9 (95% CI 9.8–26.6), 10.6 ± 3.4 and 14 ± 2.0 cells/mm2 and in
the antrum were 44.6 ± 12.2 (95% CI 18.1–71.1), 1.7 ± 0.5 and 14.7 ± 6.3 cells/mm2. The densities of the somatostatin cells in the
corpus were 40.0 ± 7.7 (95% CI 23.5–56.5), 23.0 ± 3.0 and 37.3 ± 4.2 cells/mm2, respectively, and in the antrum were 138.9 ± 22.0
(95% CI 91.4–186.3), 95.6 ± 15.9 and 86.0 ± 16.9 cells/mm2, respectively.
CONCLUSIONS: The densities of all of the gastric endocrine cell types changed towards the healthy control values in the IBS
patients following a change in food intake.
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INTRODUCTION
The gastrointestinal endocrine cells regulate several functions of
the gut such as sensation, motility, secretion, absorption, local
immune defence and food intake via controlling the appetite.1,2

These cells have specialized microvilli that project into the gut
lumen and act as sensors for the luminal contents, mainly
nutrients, and respond to luminal stimuli by releasing hormones
that generally target other parts of the digestive system.1,2

Abnormalities in the gastrointestinal cells have been reported in
patients with irritable bowel syndrome (IBS), and it has been
suggested that this abnormality has a major role in the
pathophysiology of IBS.1,2 It has also been demonstrated that
the gastric endocrine cells are abnormal in IBS patients, and the
conclusion has been drawn that the pathophysiology of IBS is not
restricted to the large intestine.1–4

A previous study performed by our group found that a change
in food intake in IBS patients established by dietary guidance
reduced the symptoms and improved the quality of life in these
patients.5 Investigation of the total gastric endocrine cell
population, as revealed by chromogranin A staining, revealed
that in the same patient cohort the density of gastric endocrine
cells tended to normalize following dietary guidance.6 The aim of
the present study was to identify which gastric endocrine cell
types were affected by a change in food intake in that same
cohort of IBS patients.5,6

MATERIALS AND METHODS
Patients and controls
The inclusion criteria for this study were that patients fulfilled Rome-III
criteria for IBS diagnosis and were aged 18–70 years. The following exclusion
criteria were applied: women who were pregnant or lactating, or who had a
Caesarean section or hysterectomy, and patients with organic gastrointest-
inal or other systemic diseases, drug abuse, serious psychiatric disturbances
or previous abdominal surgery (with the exception of appendectomy). Eight
patients did not consume any kind of medications. Six patients used one or
a combination of the following: proton pump inhibitors (n=4), anti-
hypertensive Losartan (n=1), anti-allergic medications (n=3), contraceptive
pills (n=2), thyroxin substitution tablet (n=2), asthma inhalator medications
(n=1), and anti-depressants/anxiolytics (n=2). These patients were told not
to take any kind proton pump inhibitors during the study.
Patients who underwent gastroscopy to investigate gastrointestinal

bleeding, where the source of bleeding was identified as haemorrhoids
(n=3) or angiodysplasia (n=1) or because of health worries in healthy
subjects due to family member(s) having been diagnosed with gastro-
intestinal cancer (n=10) were used as controls. The control group comprised
nine females and five males with a mean age of 54 years (range 26–70 years).
The study was performed in accordance with the Declaration of Helsinki

and approved by the local Committee for Medical Research Ethics, West,
Bergen, Norway. All patients submitted both oral and written consent to
participate.

Study design
A total of 46 patients were recruited to the study. They were 35 females
and 11 males with a mean age of 35 years (range 18–69 years).
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Patients were examined physically, and blood tests were taken to exclude
inflammation, infection or other organic disease. These patients also
underwent colonoscopy with segmental biopsy sampling to exclude
microscopic colitis. Each patient was scheduled for three sessions of
individual dietary management guidance of about 45min, each with a
nurse with education and long experience in dietary guidance in IBS. These
sessions were timed at intervals of at least 2 weeks. The patients
underwent gastroscopy, before the first session and 3–9 months (median
4 months) following the third dietary management guidance session.

Individual dietary management guidance
The information was delivered orally with the help of charts, as well as
written illustrated information. The first session included general informa-
tion about IBS and the importance of regular and healthy eating habits, the
diets that worsen IBS symptoms, such as insoluble dietary fibre and
FODMAPs (the poorly absorbed highly fermentable oligosaccharides,
disaccharides, monosaccharides and polyols). The patients were encour-
aged to consume dairy products daily and were informed that milk and
dairy products do not provoke IBS symptoms. The patients were required
to keep a diary for 2 weeks, in which they registered their daily food and
drink intake as well as the frequency and degree of abdominal pain,
abdominal distension and stool frequency and consistency. In addition, the
patients were asked to test a protein-, fat- or carbohydrate-rich/poor diet.
The patients were also instructed to avoid the intake of food items
supplemented with probiotics, antibiotics and other medications (if not
otherwise advised) during the course of the study. In the second session,
the information given at the first session was briefly repeated. The nurse
and the patient determined the symptom-triggering items based on the
information noted in the patient’s diary. The patients were then advised to
alter the proportions of protein, fat and carbohydrate, avoid items rich in
FODMAPs and insoluble fibre, as well as consume vegetables and fruits
containing less FODMAPs and insoluble fibre. During the final session,
patients described their experience of dietary management to the nurse.
The nurse and patient then together designed a suitable diet for the
patient, who followed it strictly until the end point of the study.

Dietary assessment
Dietary intake was assessed using a semi-quantitative, self-administered
food frequency questionnaire (MoBa food frequency questionnaire). The
questionnaire reported the frequency of consumption and portion size of a
series of foods and beverages over a defined period of time. The data were
then analysed by software for nutrient calculations. The MoBa food
frequency questionnaire used in the current study was developed and
validated by the Norwegian Institute of Public Health in Oslo, Norway.7,8

It enquires about the intake of 225 food items and captures the dietary
habits of the participant, including the intake of any oral supplements,
according to typical Norwegian meal patterns. The participants received
two sets of MoBa food frequency questionnaire, which were filled out and
delivered before and at least 3 months after dietary management
guidance.9

Gastroscopy, tissue sampling, histopathology and
immunohistochemistry
After an overnight fast, patients and control subjects underwent standard
gastroscopy. Four biopsy samples were taken from the corpus (major
curvature) and another four biopsy samples from the antrum of the
stomach. A further four biopsy samples were taken from the duodenum to
exclude coeliac disease.
The biopsy samples were fixed in 4% buffered paraformaldehyde

overnight, embedded in paraffin wax and then cut into
5-μm-thick sections. Biopsy samples from the stomach and duodenum
were examined histopathologically. Biopsy samples from the corpus and
antrum were stained with haematoxylin–eosin and immunostained using
the avidin–biotin complex method using the Vectastain ABC kit (Vector
Laboratories, Burlingame, CA, USA) and the 3,3′-diaminobenzidine
peroxidase substrate kit (Vector Laboratories) as described previously.10

Briefly, the sections were incubated for 2 h at room temperature with a
primary antibody/antiserum, after which they were washed in phosphate-
buffered saline (pH 7.4) and incubated for 30min at room temperature
with biotinylated swine antimouse immunoglobulin G diluted to 1:200. The
slides were washed with phosphate-buffered saline and then incubated
for 30min with avidin–biotin–peroxidase complex diluted to 1:100.
The slides were again washed with phosphate-buffered saline, submerged

in 3,3′-diaminobenzidine peroxidase substrate and then counterstained
with haematoxylin–eosin. The primary antibodies/antisera used were
monoclonal mouse anti-N-terminal of human ghrelin (code 2016003,
Millipore, Temecula, CA, USA), monoclonal mouse antihuman serotonin
(clone 5HT-H209, code M0758, Dako, Glostrup, Denmark), polyclonal rabbit
antisynthetic, cyclic somatostatin (code A0566, Dako), monoclonal mouse
antihistamine (serotonin)-hexamethylene, diisocyanate-bovine serum albu-
min (code 2273835, Millipore, Darmstadt, Germany) and polyclonal rabbit
antihuman gastrin (code A0568, Dako).

Computerized image analysis
The densities of the various types of endocrine cells in the corpus and
antrum in patients with IBS and controls were evaluated using the
software Cell ^D (Olympus, Tokyo, Japan). The number of endocrine cells
and the area of epithelial cells were measured in 10 randomly chosen
fields, at a magnification of × 40, for which each field represented a
tissue area of 0.14 mm2. The endocrine cell density is expressed as the
number of cells per square millimetre of epithelium. Quantification was
conducted by the same person (TM), who was blinded to the identity of
the sections.

Statistical analysis
The paired t-test was used to compare patients before and after dietary
guidance and healthy controls. The data are presented as mean± s.e.m.
values. The cutoff for statistical significance was set at Po0.05.

RESULTS
Patients and controls
Twenty-five patients withdrew their consent, 2 before and 23 after
receiving dietary guidance and with consequent improvement in
their symptoms. Two patients were excluded because of non-
compliance, two because they were diagnosed with coeliac
disease and one who had been diagnosed with lupus. In addition,
two patients were excluded because of pregnancy during the
study and moving abroad. Thus, 14 of the initial 46 patients
completed the entire study. These patients comprised 9 females
and 5 males with a mean age of 34 years (range 20–45 years).
Biopsy samples were not obtained from the corpus of one of the
female patients.

Dietary assessment
The daily total consumption (mean± s.e.m.) of FODMAP-rich fruits
and vegetables decreased significantly after dietary guidance
compared with before receiving dietary guidance (9.2 ± 3.2,
16.2 ± 5.3 g, respectively, P= 0.016).9 The daily consumption of
fibre (mean± s.e.m.) before and after dietary guidance were
27.4 ± 2.5 and 23.1 ± 2.2 g, respectively, (P= 0.093).9

Gastroscopy, histopathology and immunohistochemistry
Endoscopy of the upper oesophagus, stomach and duodenum
revealed a normal appearance, and histopathological examina-
tions of the stomach and duodenum revealed a normal structure.
Serotonin- and somatostatin-immunoreactive cells were found in
the mucosa of both the corpus and antrum in the patients and
controls. Whereas ghrelin-positive cells were found exclusively in
the oxyntic mucosa of the corpus, gastrin-positive cells were
found only in the antrum. The number of histamine-
immunoreactive cells in the biopsy samples used in the study
was low and did not allow reliable quantification.

Computerized image analyses
Ghrelin. In the control group, the density of ghrelin cells in the
gastric corpus was 149.6 ± 36.2 cells/mm2 (95% confidence
interval (CI) 71.3–227.8). The density of ghrelin cells in the IBS
patients did not differ significantly between before (114.5 ± 32.7
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cells/mm2) and after (161.8 ± 37.8 cells/mm2) receiving dietary
guidance (P= 0.09, paired t-test; Figures 1 and 2).

Gastrin. The densities of the gastrin cells in the antrum were
155.8 ± 21.0 (95% CI 110.3–201.2), 159.4 ± 24.3 and 211.6 ± 28.0
cells/mm2 in the controls and in the IBS patients before and after
dietary guidance, respectively (Figure 3). The cell density did not
differ significantly between before and after dietary guidance in
the IBS patients (P= 0.26).

Serotonin. In the corpus, the density of serotonin cells in the
control group was 18.2 ± 3.9 cells/mm2 (95% CI 9.8, 26.6), while
those in IBS patients before and after receiving dietary
guidance were 10.6 ± 3.4 and 14.0 ± 2.0 cells/mm2, respectively
(Figure 4). The cell density did not differ significantly between
before and after dietary guidance (P = 0.4). In the antrum,
the corresponding values were 44.6 ± 12.2 cells/mm2 (95% CI
18.1–71.1), 1.7 ± 0.5 and 14.7 ± 6.3 cells/mm2, respectively.
There was no significant difference between the findings
before and after dietary guidance in the IBS patients
(P = 0.06).

Somatostatin. In the control group, the densities of somatostatin
cells in the corpus and antrum were 40.0 ± 7.7 cells/mm2

(95% CI 23.5–56.5) and 138.9 ± 22.0 cells/mm2 (95% CI 91.4–186.3),
respectively. The somatostatin cell density in the antrum in the IBS
patients did not differ significantly between before and after
receiving dietary guidance (95.6 ± 15.9 and 86±16.9 cells/mm2,
respectively; P=0.6). However, the cell density was significantly
higher in the corpus compared with before the intervention
(23.0 ± 3.0 and 37.3± 4.2 cells/mm2, respectively; P=0.02; Figures 5
and 6).

DISCUSSION
Studies of IBS patients have experienced high dropout rates,
ranging from 44% to 48%.11,12 The dropout rate in the present
study was also high, at 54%, which may be explained by the
design of the study, which was demanding, involving two
invasive examinations (gastroscopy) and the expectation that the
patient follow the recommended diet strictly for at least
3 months. It is noteworthy that the dropouts occurred mostly
after receiving dietary guidance and the associated improve-
ments in the patients’ symptoms. There were also other factors
that decreased the number of IBS patients who completed this
study. Despite the small number of patients in the studied

sample, a clear change in the densities of all the gastric
endocrine cells occurred following changes in the food intake
in the IBS patients towards the values measured for the healthy
control subjects.

Figure 2. Ghrelin-immunoreactive cells in the oxyntic mucosa in a
control (a) and in an IBS patient before (b) and after (c) receiving
dietary guidance.

Figure 1. Ghrelin cell density in the oxyntic mucosa in controls and
in IBS patients before and after receiving dietary guidance. The
dashed lines labelled ‘a’ and ‘c’ show the upper and lower limits of
the 95% CI in healthy controls, respectively, while line ‘b’ shows the
mean ghrelin cell density.

Diet and gastric endocrine cells in IBS
T Mazzawi et al

521

© 2015 Macmillan Publishers Limited European Journal of Clinical Nutrition (2015) 519 – 524



The endocrine cells in the oxyntic mucosa of the stomach are
the main source of ghrelin in the body. Ghrelin has several
functions, including the release of growth hormone and
regulating appetite and energy metabolism.13–16 Furthermore,

ghrelin accelerates gastric and small- and large-intestinal
motility and stimulates the secretion of gastric acid.17–28

Serotonin stimulates large-intestinal motility and accelerates
transit through the small and large intestines.29–37 It also
activates the submucosal sensory branch of the enteric nerve,
which conveys sensation from the gut to the central nervous
system.29,33–35 Somatostatin inhibits intestinal contraction and
gastrointestinal exocrine and endocrine secretion.38,39 Finally,
gastrin is the main hormonal stimulant of acid secretion in the
stomach.40–44 Given the collective functions of these four types
of gastric endocrine cells, it is possible to speculate that the
changes in the densities of these cells towards normal levels
following a change in food intake are responsible for the
simultaneous improvements in IBS symptoms associated with
disturbed gut motility, visceral hypersensitivity and abnormal
gastrointestinal secretion.
The gut luminal contents, and especially the nutrients, are the

main stimuli that trigger gut endocrine cells' activity.1,2 Stem cells
rapidly differentiate into endocrine cells in the gut, over a period
of just a few days.42,43 It is tempting to speculate that the change
in diet and the consequent change in the contents of the gut
lumen are responsible for the changes in the gastric endocrine
cells observed here. If this assumption is proven to be true, this

Figure 5. Somatostatin cell density in the oxyntic mucosa (a) and the
antrum (b) in controls and in IBS patients before and after receiving
dietary guidance. The symbols are the same as in Figure 1. *Po0.05.

Figure 4. Serotonin cell density in the oxyntic mucosa (a) and the
antrum (b) in controls and in IBS patients before and after receiving
dietary guidance. The symbols are the same as in Figure 1.

Figure 3. Gastrin cell density in the antrum in controls and in IBS
patients before and after receiving dietary guidance. The symbols
are the same as in Figure 1.
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would open new frontiers with important clinical implications for
IBS patients.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
We thank Professor Hans Olav Fadnes, Head of the Department of Medicine, Stord
Hospital for his support and for reading the manuscript. This study was supported by
a grant from Helse-Fonna.

AUTHOR CONTRIBUTIONS
TM contributed to the study planning, recruiting the patients and controls,
performing gastroscopies on patients and controls, quantifying the endocrine
cells, analysing the data and drafted the manuscript. ME-S contributed to the
study planning, recruiting and performing the gastroscopies, and analysing of
the data and commented on the manuscript. DG and TH contributed equally to
the project planning and discussions around the data and commented the
manuscript.

REFERENCES
1 El-Salhy M, Hatlebakk JG, Gilja OH, Hausken T. Irritable bowel syndrome:

recent developments in diagnosis, pathophysiology, and treatment. Expert Rev
Gastroenterol Hepatol 2014; 8: 435–443.

2 El-Salhy M, Gundersen D, Gilja OH, Hatlebakk JG, Hausken T. Is irritable bowel
syndrome an organic disorder? World J Gastroenterol 2014; 2: 384–400.

3 El-Salhy M, Gilja OH, Hatlebakk JG, Hausken T. Gastric antral endocrine cells in
patients with irritable bowel syndrome. Regul Pept 2014; 188: 60–65.

4 El-Salhy M, Hatlebakk JG, Gundersen D, Hausken T. Endocrine cells in the gastric
oxyntic mucosa of patients with irritable bowel syndrome. World J Gastrintest
Endosc 2014; 6: 176–185.

5 Mazzawi T, Hausken T, Gundersen D, El-Salhy M. Effects of dietary guidance on
the symptoms, quality of life and habitual dietary intake of patients with irritable
bowel syndrome. Mol Med Rep 2013; 8: 845–852.

6 Mazzawi T, Gundersen D, Hausken T, El-Salhy M. Increased gastric Chromogranin
A cell density following changes in diet intake in patients with irritable bowel
syndrome. Mol Med Rep 2014 (in press).

7 Masson LF, McNeill G, Tomany JO, Simpson JA, Peace HS, Wei L et al. Statistical
approaches for assessing the relative validity of a food-frequency questionnaire:
use of correlation coefficients and the kappa statistic. Public health nutrition 2003;
6: 313–321.

8 Brantsaeter AL, Haugen M, Alexander J, Meltzer HM. Validity of a new food
frequency questionnaire for pregnant women in the Norwegian Mother and Child
Cohort Study (MoBa). Matern Child Nutr 2008; 4: 28–43.

9 Mazzawi T, Hausken T, Gundersen D, El-Salhy M. Effects of dietary guidance on
the symptoms, quality of life and habitual dietary intake of patients with irritable
bowel syndrome. Mol Med Rep 2013; 8: 845–852.

10 El-Salhy M, Gundersen D, Hatlebakk JG, Hausken T. High densities of serotonin
and peptide YY cells in the colon of patients with lymphocytic colitis. World
J Gastroenterol 2012; 18: 6070–6075.

11 Abdul-Baki H, El H II, Elzahabi L, Azar C, Aoun E, Skoury A et al. A randomized
controlled trial of imipramine in patients with irritable bowel syndrome. World J
Gastroenterol 2009; 15: 3636–3642.

12 Zernicke KA, Campbell TS, Blustein PK, Fung TS, Johnson JA, Bacon SL et al.
Mindfulness-based stress reduction for the treatment of irritable bowel syndrome
symptoms: a randomized wait-list controlled trial. Int J Behav Med 2013; 20:
385–396.

13 Masuda Y, Tanaka T, Inomata N, Ohnuma N, Tanaka S, Itoh Z et al. Ghrelin
stimulates gastric acid secretion and motility in rats. Biochem Biophys Res Commun
2000; 276: 905–908.

14 Fujino K, Inui A, Asakawa A, Kihara N, Fujimura M, Fujimiya M. Ghrelin induces
fasted motor activity of the gastrointestinal tract in conscious fed rats. J Physiol
2003; 550: 227–240.

15 Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG et al. Ghrelin
enhances appetite and increases food intake in humans. J Clin Endocrinol Metab
2001; 86: 5992.

16 Hosoda H, Kojima M, Kangawa K. Ghrelin and the regulation of food intake and
energy balance. Mol Interv 2002; 2: 494–503.

17 Asakawa A, Ataka K, Fujino K, Chen CY, Kato I, Fujimiya M et al. Ghrelin family
of peptides and gut motility. J Gastroenterol Hepatol 2011; 26(Suppl 3): 73–74.

18 Dornonville de la Cour C, Lindstrom E, Norlen P, Hakanson R. Ghrelin stimulates
gastric emptying but is without effect on acid secretion and gastric
endocrine cells. Regul Pept 2004; 120: 23–32.

19 Fukuda H, Mizuta Y, Isomoto H, Takeshima F, Ohnita K, Ohba K et al. Ghrelin
enhances gastric motility through direct stimulation of intrinsic neural pathways
and capsaicin-sensitive afferent neurones in rats. Scand J Gastroenterol 2004; 39:
1209–1214.

Figure 6. Somatostatin-immunoreactive cells in the gastric antrum
in a control (a) and in an IBS patient before (b) and after (c) receiving
dietary guidance.

Diet and gastric endocrine cells in IBS
T Mazzawi et al

523

© 2015 Macmillan Publishers Limited European Journal of Clinical Nutrition (2015) 519 – 524



20 Levin F, Edholm T, Schmidt PT, Gryback P, Jacobsson H, Degerblad M et al.
Ghrelin stimulates gastric emptying and hunger in normal-weight humans. J Clin
Endocrinol Metab 2006; 91: 3296–3302.

21 Edholm T, Levin F, Hellstrom PM, Schmidt PT. Ghrelin stimulates motility in the
small intestine of rats through intrinsic cholinergic neurons. Regul Pept 2004; 121:
25–30.

22 Tack J, Depoortere I, Bisschops R, Delporte C, Coulie B, Meulemans A et al.
Influence of ghrelin on interdigestive gastrointestinal motility in humans.
Gut 2006; 55: 327–333.

23 Ariga H, Tsukamoto K, Chen C, Mantyh C, Pappas TN, Takahashi T. Endogenous
acyl ghrelin is involved in mediating spontaneous phase III-like contractions of
the rat stomach. Neurogastroenterol Motil 2007; 19: 675–680.

24 Ariga H, Nakade Y, Tsukamoto K, Imai K, Chen C, Mantyh C et al. Ghrelin accel-
erates gastric emptying via early manifestation of antro-pyloric coordination in
conscious rats. Regul Pept 2008; 146: 112–116.

25 Tumer C, Oflazoglu HD, Obay BD, Kelle M, Tasdemir E. Effect of ghrelin on gastric
myoelectric activity and gastric emptying in rats. Regul Pept 2008; 146: 26–32.

26 Tebbe JJ, Mronga S, Tebbe CG, Ortmann E, Arnold R, Schafer MK. Ghrelin-induced
stimulation of colonic propulsion is dependent on hypothalamic neuropeptide
Y1- and corticotrophin-releasing factor 1 receptor activation. J Neuroendocrinol
2005; 17: 570–576.

27 Seim I, El-Salhy M, Hausken T, Gundersen D, Chopin L. Ghrelin and the brain-gut
axis as a pharmacological target for appetite control. Curr Pharm Des 2012; 18:
768–775.

28 El-Salhy M. Ghrelin in gastrointestinal diseases and disorders: a possible role in
the pathophysiology and clinical implications (review). Int J Mol Med 2009; 24:
727–732.

29 Gershon MD, Tack J. The serotonin signaling system: from basic understanding to
drug development for functional GI disorders. Gastroenterology 2007; 132: 397–414.

30 Tack JF, Janssens J, Vantrappen G, Wood JD. Actions of 5-hydroxytryptamine on
myenteric neurons in guinea pig gastric antrum. Am J Physiol 1992; 263: G838–G846.

31 Michel K, Sann H, Schaaf C, Schemann M. Subpopulations of gastric myenteric
neurons are differentially activated via distinct serotonin receptors: projection,
neurochemical coding, and functional implications. J Neurosci 1997; 17:
8009–8017.

32 Tack J, Coulie B, Wilmer A, Andrioli A, Janssens J. Influence of sumatriptan on
gastric fundus tone and on the perception of gastric distension in man. Gut 2000;
46: 468–473.

33 Gershon MD. Plasticity in serotonin control mechanisms in the gut. Curr Opin
Pharmacol 2003; 3: 600–607.

34 Gershon MD. 5-Hydroxytryptamine (serotonin) in the gastrointestinal tract. Curr
Opin Endocrinol Diabetes Obes 2013; 20: 14–21.

35 Gershon MD. Serotonin is a sword and a shield of the bowel: serotonin plays
offense and defense. Trans Am Clin Climatol Assoc 2012; 123:
268–280;. discussion 280.

36 Gershon MD. Review article: roles played by 5-hydroxytryptamine in the phy-
siology of the bowel. Aliment Pharmacol Ther 1999; 13(Suppl 2): 15–30.

37 Gershon MD, Wade PR, Kirchgessner AL, Tamir H. 5-HT receptor subtypes
outside the central nervous system. Roles in the physiology of the gut.
Neuropsychopharmacology 1990; 3: 385–395.

38 El-Salhy M, Gundersen D, Hatlebakk JG, Hausken T. Irritable Bowel Syndrome:
Diagnosis, Pathogenesis and Treatment Options. Nova Science Publishers, Inc.:
New York, NY, USA, 2012.

39 El-Salhy M, Seim I, Chopin L, Gundersen D, Hatlebakk JG, Hausken T. Irritable
bowel syndrome: the role of gut neuroendocrine peptides. Front Biosci (Elite Ed)
2012; 4: 2783–2800.

40 Schubert ML. Gastric secretion. Curr Opin Gastroenterol 2011; 27: 536–542.
41 Schubert ML. Gastric secretion. Curr Opin Gastroenterol 2010; 26: 598–603.
42 Schubert ML. Gastric secretion. Curr Opin Gastroenterol 2007; 23: 595–601.
43 Schubert ML. Gastric secretion. Curr Opin Gastroenterol 2002; 18: 639–649.
44 Chu S, Schubert ML. Gastric secretion. Curr Opin Gastroenterol 2012; 28: 587–593.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Diet and gastric endocrine cells in IBS
T Mazzawi et al

524

European Journal of Clinical Nutrition (2015) 519 – 524 © 2015 Macmillan Publishers Limited

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Effect of dietary management on the gastric endocrine cells in patients with irritable bowel syndrome
	Introduction
	Materials and methods
	Patients and controls
	Study design
	Individual dietary management guidance
	Dietary assessment
	Gastroscopy, tissue sampling, histopathology and immunohistochemistry
	Computerized image analysis
	Statistical analysis

	Results
	Patients and controls
	Dietary assessment
	Gastroscopy, histopathology and immunohistochemistry
	Computerized image analyses
	Ghrelin
	Gastrin
	Serotonin
	Somatostatin


	Discussion
	Figure 2 Ghrelin-immunoreactive cells in the oxyntic mucosa in a control (a) and in an IBS patient before (b) and after (c) receiving dietary guidance.
	Figure 1 Ghrelin cell density in the oxyntic mucosa in controls and in IBS patients before and after receiving dietary guidance.
	Figure 5 Somatostatin cell density in the oxyntic mucosa (a) and the antrum (b) in controls and in IBS patients before and after receiving dietary guidance.
	Figure 4 Serotonin cell density in the oxyntic mucosa (a) and the antrum (b) in controls and in IBS patients before and after receiving dietary guidance.
	Figure 3 Gastrin cell density in the antrum in controls and in IBS patients before and after receiving dietary guidance.
	A5
	A6
	ACKNOWLEDGEMENTS
	A7
	REFERENCES
	Figure 6 Somatostatin-immunoreactive cells in the gastric antrum in a control (a) and in an IBS patient before (b) and after (c) receiving dietary guidance.




