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Abstract. The aim of this study was to determine the effects of 
two anti-inflammatory agents on the abnormalities in colonic 
endocrine cells in dextran sodium sulfate (DSS)-induced colitis. 
Colitis was induced in male Wistar rats (n=45) using DSS; a 
further 15 rats without colitis were included in a healthy control 
group. The animals with DSS-induced colitis were randomly 
divided into 3  treatment groups as follows: i)  DSS group, 
rats were treated with 0.5 ml of 0.5% carboxymethyl cellu-
lose (CMC); ii) DSS‑G group, rats were treated with 3-[(dodecyl
thiocarbonyl)‑methyl]‑glutarimide (DTCM‑G), a novel activator 
protein 1 (AP-1) inhibitor, 20 mg/kg in CMC; and iii) DSS‑Q 
group, rats were treated with dehydroxymethylepoxyquin-
omicin, a nuclear factor κB (NF-κB) inhibitor, 15 mg/kg in 
CMC. The treatments were administered intraperitoneally, 
twice daily for 5 days, after which the animals were sacri-
ficed and tissue samples from the colon were immunostained 
for chromogranin A  (CgA), serotonin, peptide YY  (PYY), 
enteroglucagon, pancreatic polypeptide  (PP), somatostatin, 
leukocytes, B/T lymphocytes, B lymphocytes, T lymphocytes, 
macrophages/monocytes and mast cells. The densities of these 
endocrine and immune cells were quantified by computer‑aided 
image analysis. The densities of CgA-, serotonin-, PYY- and 
enteroglucagon-producing cells were significantly higher, and 
those of PP- and somatostatin-producing cells were significantly 
lower in the DSS‑G, DSS‑Q and control groups than in the DSS 
group. The densities of all the immune cells were lower in the 
DSS‑G, DSS‑Q and control groups than in the DSS group. The 
densities of all endocrine cell types and immune cells in both 
the DSS groups treated with anti‑inflammatory agents were 

restored to control levels. In conclusion, our data demonstrate 
that there is an interaction between endocrine and immune cells 
during inflammation. This interaction with subsequent changes 
in endocrine cells is responsible for the clinical manifestation of 
colitis symptoms.

Introduction

The intestinal endocrine cells have been reported to be 
abnormal in patients with inflammatory bowel disease (IBD) 
and in animal models of IBD (1-20). Recent discussion on the 
interaction between the hormones secreted by gut endocrine 
cells and the immune system has led to the hypothesis that this 
interaction plays an important role in the pathophysiology of 
IBD (21,22, unpublished data). One recent study found that the 
densities of all colonic endocrine cell types were affected in 
rats with dextran sodium sulfate (DSS)-induced colitis, and that 
this change strongly correlated with changes in the densities of 
mucosal immune cells caused by the inflammation (unpublished 
data). These findings confirmed the likelihood of an interaction 
between intestinal hormones and the immune cells.

3-[(Dodecylthiocarbonyl)-methyl]‑glutarimide (DTCM‑G) 
is a synthetic derivative of 9-methylstreptimidone, which is a 
potent anti-inflammatory agent that suppresses activator protein 1 
(AP-1), and dehydroxymethylepoxyquinomicin (DHME‑Q) is 
a low-molecular-weight nuclear factor κB (NF-κB) inhibitor 
that also exhibits potent anti-inflammatory activity. Both of 
these anti-inflammatory agents have been shown to be effective 
in animal models of IBD (23-26). The aim of this study was to 
determine whether the anti-inflammatory effects of these two 
agents restore the densities of colonic endocrine cells to normal 
levels in rats with DSS-induced colitis.

Materials and methods

Rats. Sixty male Wistar rats (Hannover  GALAS; Taconic 
Farms,  Inc., Lille Skensved, Denmark) with a mean body 
weight of 290 g (range, 241-395 g) were housed in Makrolon III 
cages with ad libitum access to water and food. They were fed 
a standard diet (B&K Universal AS, Nittedal, Norway) and 
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maintained in an environment at 21±1˚C, a relative humidity of 
55±5% and a 12/12 h light/dark cycle. The animals were allowed 
to acclimatize in the animal house for 8 days prior to the experi-
ments, and were then divided into 4 groups of 15 animals each.

The animals in the control group were provided with 
normal drinking water for 7 days, and colitis was induced in 
the rats in the remaining 3 groups by providing the rats with 
distilled water containing 5% DSS (molecular weight 40 kDa; 
TdB Consultancy, Uppsala, Sweden), which was prepared daily, 
for 7 days, as previously described (27,28). The 3 DSS-treated 
groups were then randomized to receive the vehicle [0.5 ml of 
0.5% carboxymethyl cellulose (CMC; DSS group)], DTCM‑G 
at 20 mg/kg body weight in 0.5% CMC (DSS‑G group), and 
DHME‑Q at 15 mg/kg body weight in 0.5% CMC (DSS‑Q 
group), intraperitoneally, twice daily for 5 days. The synthesis 
of DTCM‑G and DHME‑Q is described elsewhere (23,27-31). 
The animals were monitored twice daily, and any animals 
exhibiting signs of pain were administered a subcutaneous 
injection of 1 ml of Temgesic solution (containing 0.3 g/ml 
Temgesic; Merck Pharmaceutical).

At the end of the 5-day treatment period, all the animals 
were sacrificed by CO2 inhalation, and a post-mortem lapa-
rotomies were carried out. The colon was dissected out, and 
tissue samples were taken from the lower part of the colon for 
histological examinations.

The local ethics committee for the Protection of Vertebrate 
Animals used for Experimental and Other Scientific Purposes 
approved the study protocols.

Histopathology and immunohistochemistry. The tissue 
samples were fixed overnight in 4% buffered paraformalde-
hyde, embedded in paraffin and then sectioned at a thickness 
of 5 µm. The sections were deparaffinized and then stained 
with hematoxylin and eosin, or immunostained using the 
ultraView Universal DAB Detection kit (version 1.02.0018) and 
the BenchMark Ultra IHC/ISH staining module (both from 
Ventana Medical Systems, Basel, Switzerland). The sections 
were immunostained by incubating them with one of the 
primary antibodies for 32 min at 37˚C. The primary antibodies 
used are summarized in Table I.

Table I. Summary of the primary antibodies used in this study.

Antibodies raised against	 Type of antibody	 Source	 Code no.	 Detects

N-terminal of purified CgA	 Monoclonal,	 Dako, Glostrup,	 M869	 CgA
	 raised in mouse	 Denmark
Serotonin	 Monoclonal,	 Dako, Glostrup,	 5HT-209	 Serotonin
	 raised in mouse	 Denmark
PYY	 Polyclonal,	 Alpha-Diagnostica,	 PYY 11A	 PYY
	 raised in rabbit	 San Antonio, TX, USA
Porcine glicentin/glucagon	 Polyclonal,	 Acris Antibodies,	 BP508	 Enteroglucagon
	 raised in rabbit	 Herford, Germany		  (oxyntomodulin)
Synthetic human PP	 Polyclonal,	 Diagnostic Biosystems,	 #114	 PP
	 raised in rabbit	 Pleasanton, CA, USA
Synthetic human	 Polyclonal,	 Dako, Glostrup,	 A566	 Somatostatin
somatostatin	 raised in rabbit	 Denmark
Human CD45	 Monoclonal,	 Dako, Glostrup,	 M0701	 CD45 is considered a
	 raised in mouse	 Denmark		  common leukocyte antigen
				    and is expressed exclusively
				    on cells of the hematopoietic
				    system and their progenitors
Human CD5	 Monoclonal,	 Dako, Glostrup,	 IS082	 B and T lymphocytes
	 raised in mouse	 Denmark
Human CD57	 Monoclonal,	 Dako, Glostrup,	 IS647	 Subsets of natural killer of
	 raised in mouse	 Denmark		  cells and CD8+ lymphocytes,
				    and by a small proportion
				    CD4+/CD45R0+

				    T lymphocytes
Human CD23	 Monoclonal,	 Dako, Glostrup,	 IS781	 B lymphocytes
	 raised in mouse	 Denmark
Human CD68	 Monoclonal,	 Dako, Glostrup,	 M0814	 Monocytes, macrophages,
	 raised in mouse	 Denmark		  and myeloid cells
Human mast cell tryptase	 Monoclonal,	 Dako, Glostrup,	 M7052	 Mast cells
	 raised in mouse	 Denmark

CgA, chromogranin A; PYY, peptide YY; PP, pancreatic polypeptide.
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Quantification of endocrine and immune cells. The endocrine 
and immune cells were quantified using Olympus cellSens 
imaging software (version 1.7) as described elsewhere (32,33). 
A x40 objective was used, which meant that each frame (field) 
displayed on the monitor represented a tissue area of 0.035 mm2. 
The data are presented as the number of cells/mm2 of epithe-
lium for endocrine cells, and the number of cells per field for 
immune cells. The sections were coded, and the measurements 
were made by the same person (M.E.‑S.) who was unaware of 
the identity of the sections.

Statistical analysis. The Kruskal-Wallis non-parametric test, 
with Dunn's test as a post-test was used to compare the find-
ings obtained form the animals in the control, DSS, DSS‑G 
and DSS‑Q groups. The data are presented as the mean ± SEM 

values, and the cut-off for statistical significance was set 
at P<0.05.

Results

The examination of the hematoxylin and eosin-stained sections 
of the colonic tissues revealed normal histological results in the 
control, DSS‑G, and DSS‑Q groups, while a disrupted mucosal 
architecture, edema, bleeding, crypt abscesses and immune cell 
infiltration into the mucosa and submucosa were observed in 
the DSS group.

Endocrine cells. The cell densities of various endocrine cell 
types in the control, DSS, DSS‑G, and DSS‑Q groups are 
summarized in Table ΙΙ and illustrated in Figs. 1-3.

Figure 1. Densities of different colonic endocrine cells in control rats and in rats with dextran-sulfate-sodium-induced colitis (DSS), rats with DSS-induced colitis 
and treated with DTCM‑G (DSS‑G), and rats with DSS-induced colitis and treated with DHME‑Q (DSS‑Q). ***P<0.0001, **P<0.01, *P<0.05 vs. controls.
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Chromogranin  A (CgA)-producing cells. The density 
CgA-producing cells was significantly higher in the DSS group 
than in the control, DSS‑G, and DSS‑Q groups (P<0.0001, 
0.0009 and <0.0001, respectively). There was no significant 
difference observed between the control group and the DSS‑G 
and DSS‑Q groups (P=0.6 and 0.2, respectively).

Serotonin-producing cells. The density serotonin-producing cells 
was significantly higher in the DSS group than in the control, 
DSS‑G and DSS‑Q groups  (P=0.0006, 0.0006 and 0.0003, 
respectively), and it did not differ significantly between the 

control group and the DSS‑G and DSS‑Q groups (P=0.1 for 
both).

Peptide YY (PYY)- and enteroglucagon-producing cells. The 
densities of the PYY- and enteroglucagon- producing cells were 
significantly higher in the DSS group than in the control, DSS‑G 
and DSS‑Q groups (PYY, P=0.005, 0.04 and 0.005, respectively; 
and enteroglucagon, P<0.0001, 0.0004 and 0.0004, respectively). 
The cell density did not differ significantly between the control 
group and the DSS‑G and DSS‑Q groups for either PYY (P=0.2 
and 0.9) or enteroglucagon (P=0.1 for both).

Figure 2. Chromogranin A-producing cells in the colons of rats from the control (A), DSS (B), DSS‑G (C) and DSS‑Q (D) groups.

Table II. Densities of the different endocrine cell types (number/mm2 of epithelium) in the control animals, and in animals with 
DSS-induced colitis treated with the vehicle (CgA, DSS group), DTCM‑G (DSS‑G group) and DHME‑Q (DSS‑Q group).

	 Endocrine cell type
	 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Animal group	 CgA	 Serotonin	 PYY	 Enteroglucagon	 PP	 Somatostatin

Control	 119.0±16.5	 39.9±4.4	 96.0±1.2	 43.1±3.2	 60.7±2.8	 43.1±2.8
DSS	 300.6±27.7a	 62.6±5.8a	 120.5±5.9b	 87.2±7.2a	 41.5±2.8a	 28.3±2.2c

DSS‑G	 146.7±22.4	 35.9±4.9	 98.2±7.0	 51.3±3.6	 65.8±4.4	 40.7±2.7
DSS‑Q	 136.6±12.2	 36.2±4.3	 84.8±2.0	 49.5±2.9	 59.1±3.5	 46.7±3.8

Data are the mean ± SEM values DSS, dextran sodium sulfate; DTCM‑G, 3-[(dodecylthiocarbonyl)-methyl]‑glutarimide; DHME‑Q, dehydroxy-
methylepoxyquinomicin; CgA, chromogranin A; PYY, peptide YY; PP, pancreatic polypeptide. aP<0.0001, bP<0.01 and cP<0.05 vs. controls.
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Pancreatic polypeptide (PP)- and somatostatin-producing 
cells. Both the densities of PP- and somatostatin-producing cells 
were significantly lower in the DSS group than in the control, 
DSS‑G, and DSS‑Q groups (PP, P=0.0001, <0.0001 and 0.0008, 
respectively; and somatostatin, 0.02, 0.003 and 0.001, respec-
tively). The cell density did not differ significantly between the 
control group and the DSS‑G and DSS‑Q groups for either PP 
(P=0.5 and 0.6, respectively) or somatostatin (P=0.6 and 0.5, 
respectively).

Immune cells. The densities of the immune cells in the control, 
DSS, DSS‑G, and DSS‑Q groups are presented in Table III 
and Figs. 4-6.

Leukocytes. The density of leukocytes was significantly higher 
in the DSS group than in the control, DSS‑G, and DSS‑Q groups 
(P<0.0001 for all), and it did not differ significantly between 
the control group and the DSS‑G and DSS‑Q groups (P=0.3 
and 0.9, respectively).

Lymphocytes. The density of B/T  lymphocytes  (Fig.  5) 
in the DSS group was increased relative to the control, 
DSS‑G, and DSS‑Q groups (P<0.0001 for all), as were 
the densities of the B  lymphocytes (P<0.0001 for all) and 
T lymphocytes (P<0.0001 for all). There were no differences 
observed between the control group and the DSS‑G and 
DSS‑Q groups with respect to the densities of B/T lympho-

Figure 3. Colonic peptide YY-producing cells in rats from the control (A), DSS (B), DSS‑G (C), and DSS‑Q (D) groups.

Table III. Densities of the various immune cells (number/field) in the control group and various experimental treatment groups 
with DSS-induced colitis.

	 Immune cell type
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------–----
Animal group	 Leukocytes	 B/T lymphocytes	 B lymphocytes	 T lymphocytes	 Macrophages/monocytes	 Mast cells

Control	 5.9±0.3	 7.6±0.7	 9.5±0.5	 5.9±0.5	 6.9±0.3	 5.5±0.5
DSS	 22.4±1.9a	 23.5±1.4a	 23.7±1.9a	 26.2±2.6a	 22.1±1.8a	 27.7±1.9a

DSS‑G	 6.8±0.8	 7.6±0.6	 8.8±0.7	 7.6±0.9	 6.9±0.5	 7.1±0.8
DSS‑Q	 5.8±0.6	 7.3±0.6	 8.7±0.6	 7.7±0.6	 6.4±0.7	 6.5±0.7

Data are the mean ± SEM values DSS, dextran sodium sulfate. aP<0.0001 vs. controls.
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cytes  (P=0.9 and 0.7, respectively), B  lymphocytes  (P=0.9 
and 0.7, respectively) and T  lymphocytes  (P=0.2, and 0.2, 
respectively).

Macrophages/monocytes. The density of macrophages/mono-
cytes was higher in the DSS group than in the control, DSS‑G, 
and DSS‑Q groups (P<0.0001 for all), and did not differ 
significantly between the control group and the DSS‑G and 
DSS‑Q groups (P=0.7 and 0.4, respectively).

Mast cells. The density of mast cells (Fig. 6) was significantly 
higher in the DSS group than in the control, DSS‑G, and 
DSS‑Q groups (P<0.0001 for all), and did not differ signifi-

cantly between the control group and the DSS‑G and DSS‑Q 
groups (P=0.2 and 0.4, respectively).

Discussion

DSS-induced colitis is an animal model that closely replicates 
both the clinical and morphological characteristics of human 
ulcerative colitis (UC) (34). Thus, animals with DSS-induced 
colitis suffer from bloody diarrhea, dehydration and the 
loss of body weight  (34). Furthermore, the morphological 
features resemble human UC both macroscopically and 
microscopically  (35). However, this model lacks the 
chronicity (i.e., disease relapse and remission) observed in 

Figure 4. Densities of various immune cells in the colonic lamina propria of control, DSS, DSS‑G and DSS‑Q group rats. ***P<0.0001, **P<0.01, *P<0.05 vs. controls.
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Figure 6. Mast cells in rats from the control (A), DSS (B), DSS‑G (C) and DSS‑Q (D) groups.

Figure 5. B/T lymphocytes in rats from the control (A), DSS (B), DSS‑G (C) and DSS‑Q (D) groups.
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human UC (35). Therefore, care should be taken when drawing 
conclusions about human UC based on this model.

In the present study, 5 days of treatment with either DTCM‑G 
or DHME‑Q ameliorated the inflammation caused by DSS, 
as indicated by the restored mucosal architecture and normal 
histological appearance in the animals with DSS-induced 
colitis treated with these agents compared to the untreated 
controls with DSS-induced colitis. This finding is in line with 
the results of previously published studies on colitis induced 
by trinitrobenzene sulfonic acid (TNBS) and DSS in rats and 
mice (25,26, unpublished data). This resolution of inflammation 
was associated with the restoration of the normal densities of 
all colonic endocrine cell types to normal levels. DTCM‑G 
and DHME‑Q are anti-inflammatory agents with different 
modes of action: the former acts by inhibiting AP-1, while the 
latter inhibits NF-κB. Thus, the effects of these substances on 
colonic endocrine cell densities cannot be attributed to a direct 
effect on the endocrine cells; rather, they are more likely to be 
attributable to their effects on inflammation.

There is a growing body of evidence indicating that some 
of the hormones produced by the colonic endocrine cells 
investigated herein interact with the immune cells during the 
inflammation process. Thus, CgA peptides reduce the release of 
interleukin (IL)-16 and IL-5, with the reduction of the number 
of lymphocytes at the sites inflammation and hence the pro-
inflammatory action of lymphocytes and monocytes (36-38). 
Moreover, CgA inhibits the vascular leakage caused by tumor 
necrosis factor α (TNF‑α) (39). The serotonin cell number has 
been reported to be reduced in mice lacking the T lymphocyte 
receptors (36), IL-13 receptors have been shown to be localized 
on serotonin-producing cells (40) and serotonin receptors have 
been found in lymphocytes, monocytes, machrophages and 
dendritic cells (41). Furthermore, serotonin the inhibits apoptosis 
of immune cells and promotes the recruitment of T cells, and 
affects the proliferation of lymphocytes, protects natural killer 
cells (42-45). The present observation that the immune cell densi-
ties were normalized to the same extent as the colonic endocrine 
cells following treatment with DTCM‑G and DHME‑Q, and 
the previous finding of a strong correlation between the changes 
in immune cells and endocrine cells in rats with DSS-induced 
colitis support the suggested interaction between the two types of 
cell during the inflammatory process (unpublished data).

It has been proposed that changes in the endocrine cell 
density in response to or as a result of inflammation play a 
major role in the manifestation of clinical symptoms such as 
accelerated intestinal motility, decreased intestinal absorption 
of water and electrolytes, and diarrhea (unpublished data). 
Treatment with either DTCM‑G or DHME‑Q, administered 
under the same regimen as that used in the present study, was 
also found to improve these clinical symptoms in DSS-induced 
colitis in rats (unpublished data). The present finding that treat-
ment with these anti‑inflammatory agents restores the densities 
of the endocrine cells supports the assumption regarding the 
importance of changes in the endocrine cell populations in the 
development of the clinical symptoms during colitis.
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