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Changes of colonic endocrine cells in
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Abstract : In this study, immunohistochemistry was used to examine the changes in the density of
colonic endocrine cells - argyrophil and argentaffin cells, chromogranin A (CGA), serotonin, somatostatin
and glucagon-containing cells in trinitrobenzene sulfonic acid (TNBS)-induced rat colitis. Ulcerative
colitis was induced by the instillation of 10 mg of TNBS into the colonic lumen through the anus.
To confirm the inducement of ulcerative colitis, the macroscopic and microscopic scores as well as
the colonic myeloperoxidase (MPO) activities were monitored for 8 days after TNBS instillation in
the colonic lumens. In addition, the number of argyrophil and argentaffin cells, CGA, serotonin,
somatostatin and glucagon-immunoreactive cells were counted in the colonic mucosa, respectively. After
TNBS instillation into the lumen of the colon from the anus in rats, increases in macroscopic and
microscopic scores in the colon tissues were observed along with increases in the colonic MPO activities.
Therefore, ulcerative colitis was relatively well induced by the TNBS instillations. Marked decreases
in the number of colonic endocrine cells were detected in the TNBS-treated animal compared to the
sham control. These results suggest that colonic endocrine cells were also disrupted by TNBS-induced

ulcerative colitis.
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Introduction

Inflammatory bowel disease, which includes ulcerative
colitis and Crohn’s disease, is a chronic relapsing and
nonspecific inflammatory disorder in the gastrointestinal
(GI) tract, ultimately giving rise to mucosal disruption and
ulceration [36]. Generally, ulceration, mucus cell depletion,
inflammatory cell infiltration and edematous changes can
be induced by a treatment with 2.4, 5-trinitrobenzene
sulfonic acid (TNBS), a well established model of
intestinal inflammation with some resemblance to human
inflammatory bowel disease mediated by reactive oxygen
species [14, 16]. This animal model has been used as a
valuable animal model for the development of potent
therapeutic agents to inflammatory bowel disease [31].

Inflammatory processes in the GI tract not only affect
the mucosa and submucosa, but also disturb the other
components, such as the contractile response of its
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neuromuscular layers mediated by changes in the
neurotransmitters in TNBS-induced rabbit colitis [4, 5].
Moreover, the possible involvement of GI endocrine cells
in the clinical symptoms of inflammatory bowel diseases
has been suggested [8, 21, 26]. In addition, reactive
oxygen species can easily disturb the GI endocrine cells
[23], and the changes in GI endocrine cells in some
diseases have been demonstrated in diabetes [9], pernicious
anemia [29], celiac sprue [2], osteoporosis [18] and
tumors [19]. Therefore, the density of colonic endocrine
cells is also changed in inflammatory bowel disease
possibly mediated by oxidative stress in TNBS-induced
colitis. These changes can induce a range of clinical
symptoms related to the physiological functions of
hormones released by endocrine cells.

This study examined the changes in the density of
colonic endocrine cells - argyrophil and argentaffin cells,
chromogranin A (CGA), serotonin, somatostatin and
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glucagon-containing cells in TNBS-induced rat colitis
using immunohistochemistry, to confirm the relationship
between the colonic endocrine cell density and colitis.

Materials and Methods

Animals and husbandry

Fourteen male Sprague-Dawley rats (160~180 g, 6-
week old upon receipt; SLC, Japan) were used in this
study after allowing 7 days of acclimatization. The
animals were allocated to three or four per polycarbonate
cage in a temperature (20~25°C) and humidity (40~45%)
controlled room. The light : dark cycle was 12 h : 12 h
and normal rodent pellet diet and water were supplied free
to access throughout all the experimental periods
including acclimatization. Ulcerative colitis was induced
by TNBS instillation in 7 rats. The remaining 7 rats were
used as the sham control. All animals were treated in
accordance with the Guidelines for the Care and Use of
Laboratory Animals of Daegu Haany University, Korea.

Induction of ulcerative colitis

Colitis was induced using the procedure described by
Morris et al. [22]. Briefly, the rats were lightly
anesthetized with ether after a 24 h fast, and a medical-
grade polyurethane cannula for enteral feeding (external
diameter 2 mm) was inserted into the anus. The tip was
advanced 8 cm proximal to the anal verge. 10 mg/kg of
TNBS (Sigma, USA), dissolved in 50% ethanol was
instilled into the colon through the cannula to induced
ulcerative colitis. After instillation of the hapten, the
animals were maintained in a head-down position for a
few minutes to prevent leakage of the intracolonic
instillate. In the sham control, physiological saline was
instilled instead of the TNBS solution.

Macroscopic scoring

All animals were sacrificed 8 days after the TNBS
treatment. The distal 12 cm of the colon was excised free
of adherent adipose tissue, rinsed with ice-cold saline and
opened longitudinally. The excised colon was examined
visually immediately and the level of damage was scored
on a scale of 0~5 [22]. The scoring of macroscopic colon
damage in TNBS-induced colitis was as follows: (0) no
colonic damage; (1) hyperaemia and no ulcers; (2) linear
ulcers and no colonic wall thickening; (3) linear ulcers and
colonic wall thickening in one area; (4) colonic ulcers at
multiple areas; and (5) major ulcers and perforation.

Measurement of MPO activity

The MPO activity was assessed as a marker of
neutrophil infiltration using the method reported by
Grisham et al. [12]. In all animals, one sample from the
distal colon was obtained. The samples were excised from
each animal and rinsed rapidly with ice-cold saline,
blotted dry, and frozen at —70°C. The tissue was later
thawed, weighed and homogenized in 10 volumes 50 mM
PBS (pH 7.4). The homogenate was centrifuged at 20,000
x g 20 min, 4°C. The pellet was again homogenized in
10 volumes of 50 mM PBS (pH 6.0), containing 0.5%
hexadecyl-trimethylammonium bromide (HETAB; Sigma,
USA) and 10mM ethylenediamine tetraacetic acid
(EDTA; Sigma, USA). This homogenate was subjected to
one cycle of freezing/thawing and a brief period of
sonication. One sample of the homogenate (0.51) was
added to a 0.5mL reaction volume containing 80 mM
PBS (pH 5.4), 05% HETAB and 1.6mM 33,55-
tetramethylbenzidine (TMB). The mixture was incubated
at 37°C for S5min and the reaction was started by the
addition of 0.3 mM H,0, Each tube containing the
complete reaction mixture was incubated for precisely 3
min at 37°C. The reaction was terminated by the
sequential addition of catalase (20 pg/mL) and 2 mL 0.2 M
sodium acetate (pH 3.0). The changes in the absorbance
at 655 nm were measured using a spectrophotometer. One
unit of the MPO activity was defined as the amount of
enzyme present that produced a change in absorbance of
1.0 U/m at 37°C in the final reaction volume containing
sodium acetate. The results are expressed as U/mg tissue
protein.

Histopathology

The approximated regions of the individual colon were
sampled, and crossly trimmed based on the lumen. All
trimmed colons were fixed in 10% neutral buffered
formalin. After paraffin embedding, 3~4 pm sections were
prepared. The representative sections were stained with
hematoxylin and eosin (H&E) for the optical microscopy
examination. Subsequently, the histological profiles of the
individual cross trimmed colon were observed. The
histological damage to the prepared cross trimmed H&E
stained samples was evaluated by two pathologist
observers, who were blinded to the experimental groups,
according to the modified criteria from Stucchi et al. [35]
and Peran et al [24]. Briefly, the mucosal epithelial
ulceration, crypts mitotic activity and mucous cell
depletion, lamina propria inflammatory cell infiltration,
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vascularity and collagen depositions, submucosal inflam-
matory cell infiltration, vascularity, collagen depositions
and edema were scored as 0~3 degrees and totalized
(maximum score, 30).

Histochemistry

Grimelius staining for argyrophil cells [11] and Masson-
Hamperl staining for argentaffin cells [33] were conducted
to observe the regional distribution and frequency of
argyrophil and argentaffin endocrine cells in colon mucosa.
The numbers of argyrophil and argentaffin cells were
calculated in 1 mm? of mucosal regions using an
automated image analyzer. Briefly, for argyrophil staining,
the sections were incubated in a silver solution (1% silver
nitrate 4 mL, 02M acetate buffer (pH 5.6) 10mL,
distilled water 86 mL) at 60°C for 3 h, and then treated
with a preheated reducer (hydroquinone 1g, sodium
sulphate 5 g, distilled water 100 mL) for 1 min at 45°C.
For argentaffin staining, sections were incubated in a
preheated silver solution (10% aqueous silver nitrate
added strong ammonia dropping) at 60°C for 30 min in
the dark, and then treated with a 1% sodium thiosulphate
solution for 30sec. The number of positive cells was
calculated in 1 mm? of the mucosal regions using an
automated image analyzer (DMI, Korea).

Immunohistochemistry

Each representative section was deparaffinized,
rehydrated and immunostained using the peroxidase-anti
peroxidase method [34]. Blocking of the nonspecific
reaction was performed with normal goat serum prior to
incubation with the specific antisera, polyclonal CGA
(dilution 1 : 100; DAKO, USA), serotonin (dilution 1 : 20;
BioGenex, USA), somatostatin (dilution 1 : 100; DAKO,
USA) or glucagon (dilution 1:2,000; Diasorin, USA).
After rinsing in phosphate buftered saline (PBS; 0.01 M,
pH 7.4), the sections were incubated with secondary
antiserum. They were then washed in PBS buffer and the
peroxidase-anti peroxidase complex was prepared. The
peroxidase reaction was carried out in a solution of 3.3"-
diaminobenzidine tetrahydrochloride containing 0.01%
H,0, in Tris-HCI buffer (0.05 M, pH 7.6). After immu-
nostaining, the sections were lightly counterstained with
Mayer’s hematoxylin, and the immunoreactive cells were
observed by optical microscopy. The specificity of each
immunohistochemical reaction was determined, as recom-
mended by Sternberger [34], including the replacement of
specific antiserum by the same antiserum, which had been

Table 1. Macroscopic and microscopic scores with the colonic
MPO activities

Groups Sham control TNBS-treated

Criteria

Totalized macroscopic scores (Max = 5)

0.43+0.53 4.29 £0.76*
Totalized microscopic scores (Max = 30)

2.43 +1.40 21.43 £0.98*
MPO activities (U/mg tissue)

5.22 +0.88 9.35£1.25%

Values are expressed as the mean +SD of seven rats.
MPO: myeloperoxidase, TNBS: trinitrobenzene sulfonic
acid.

% <0.01 as compared with sham control.

preincubated with its corresponding antigen - CGA,
serotonin, somatostatin or glucagon. The number of
immunoreactive cells was calculated in 1 mm? of the
mucosal regions using an automated image analyzer.

Statistical analyses

The data was analyzed using a Mann-Whitney U test.
Statistical analyses were conducted using SPSS for
Windows (Release 12.0K; SPSS, USA). A p-value <0.05
was considered significant.

Results

Changes on the macroscopic scores

Significant (p<0.01) increases in the macroscopic
colon damage scores were detected in the TNBS-treated
animal as compared to the sham control in the present
study. About 10-fold higher macroscopic scores were
detected in TNBS control as increased as compared to the
sham control (Table 1).

Changes on the colonic MPO levels

Significant (p <0.01) increases in the MPO levels in the
colon were detected in the TNBS-treated animal
compared to the sham control. About 2-fold higher MPO
levels were observed in TNBS control as increased as
compared to the sham control (Table 1).

Histopathological changes of colons

Ulcerative colitis histopathological changes - ulceration,
mucus cell depletion, inflammatory cell infiltration,
neovascularization, collagen depositions (fibrosis) and
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Mucosal layers

Submucosa~muscularis layers

Fig. 1. Representative histopathological profiles of the colon of the sham control (A~C) and TNBS-treated (D~F) groups.
Note that ulceration, mucus cell depletion, inflammatory cell infiltration, neovascularization (arrows) and edematous changes
were detected in the TNBS-treated animals compared to the intact control. LU: lumen, ML: mucosa layer, MM: muscularis
mucosa, SL: submucosa layer, MML: muscle layer, TS: tunica serosa. H&E stain. Scale bars =80 um.

Fig. 2. Representative argyrophil endocrine cells in the colon of the sham control (A) and TNBS (B)-treated groups. Note
that marked decreases in the number of colonic argyrophil cells were detected in the TNBS-treated animals compared to

the sham control. Grimelius stain. Scale bars =320 um.

edematous changes, were detected in the TNBS-treated
animal compared to the sham control (Fig. 1). In addition,
significant (p <0.01) increases in the totalized microscopic
scores were detected in the TNBS-treated animal
compared to the sham control (Table 1). About 9-fold
microscopic scores were observed in TNBS control as
increased as compared to the sham control in the present
study.

Changes of the colonic endocrine cells

Argyrophil and argentaffin cells were dispersed
throughout the entire colonic mucosa, located mainly in
the intestinal glands regions. Similar to those of the
argyrophil and argentaffin cells, CGA, serotonin, soma-
tostatin and glucagon-immunoreactive cells were also

Table 2. Number of colonic endocrine cells

Groups

Endocrine Cell Types Sham control ~ TNBS-treated
Argyrophil cells 78.43 £14.14  17.14 £3.29*
Argentaffin cells 20.71 £2.21 6.71 £2.36*

Immunoreactive cells

Chromogranin A 241.57 £60.50  65.14 £35.93*
Serotonin 33.43+9.78 6.86 +2.12%
Somatostatin 109.00 +£25.34  32.43 £19.14%
Glucagon 57.57+7.21  23.57+6.16*

Values are expressed mean + SD of seven rats, numbers/
mm? of colonic mucosa.
% <0.01 as compared with sham control.

observed in the colonic mucosa regions regardless of the
TNBS treatment. They were also dispersed throughout the
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Fig. 3. Representative argentaffin endocrine cells in the colon of the sham control (A) and TNBS (B)-treated groups. Note
that marked decreases in the number of colonic argentaffin cells were detected in the TNBS-treated animals compared

to the sham control. Masson-Hamper! stain. Scale bars =320 pm.

Fig. 4. Representative CGA-immunoreactive cells in the colon of the sham control (A) and TNBS (B)-treated groups. Note
that marked decreases in the number of colonic CGA-immunoreactive cells were detected in the TNBS-treated animals
as compared to the sham control. Peroxidase-anti peroxidase stain. Scale bars =320 um.

-

Fig. 5. Representative serotonin-immunoreactive cells in the colon of the sham control (A, B) and TNBS (C, D)-treated
groups. Note that decreases in the number of colonic serotonin-immunoreactive cells were detected in the TNBS-treated
animals compared to the sham control. Peroxidase-anti peroxidase stain. Scale bars= 160 um.

entire colonic mucosa, located mainly in the intestinal the TNBS-treated animals as compared to the sham
glands regions. On the other hand, marked decreases in control, respectively (Table 2; Figs. 2~7).
the number of colonic endocrine cells were observed in
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A

B

Fig. 6. Representative somatostatin-immunoreactive cells in the colon of the sham control (A) and TNBS (B)-treated groups.
Note that decreases in the number of colonic somatostatin-immunoreactive cells were detected in the TNBS-treated animals
compared to the sham control. Peroxidase-anti peroxidase stain. Scale bars = 320 m.

A

B

Fig. 7. Representative glucagon-immunoreactive cells in the colon of the sham control (A) and TNBS (B)-treated groups.
Note that decreases in the number of colonic glucagon-immunoreactive cells were detected in the TNBS-treated animal
compared to the sham control. Peroxidase-anti peroxidase stain. Scale bars = 320 m.

Discussion

Many factors have been implicated in the pathogenesis
of ulcerative colitis, such as neutrophil infiltration and the
over-production of proinflammatory mediators including
cytokines, and reactive oxygen species (ROS). The tissue
injury produced by neutrophils and macrophages has been
attributed to their ability to release ROS, nitrogen
metabolites, cytotoxic proteins, lytic enzymes and
cytokines as well as their disrupting effects on the
epithelial integrity [25]. TNBS instillation to the lumen of
the colon induces classic intestinal inflammation with
some resemblance to human ulcerative colitis mediated by
oxidative stress [16, 27]. GI endocrine cells are considered
the anatomical units responsible for the production of gut
hormones, and the change in their density would reflect
a change in the capacity to produce these hormones [9].

In the macroscopic scoring system, the higher the level
of ulcerative colitis increases with increasing score [10].
MPO is one of activating cytotoxic enzymes released
from polymorphic neutrophils [15], and the levels of
MPO are also higher in TNBS-induced colitis [30]. The

reduction of neutrophil influx into the colonic tissue can
be confirmed by the MPO activity [6, 30]. Generally,
ulceration, mucous cell depletion, inflammatory cell
infiltration and edematous changes were induced histopat-
hologically by a treatment with TNBS [16], and these
histopathology and histomorphometry provided a valuable
criterion [7, 24, 35]. The microscopic scoring system
based on the mucosa and submucosa ulceration, mucous
cell depletion, mitotic activity of crypts, inflammatory cell
infiltration, vascularity, collagen deposition and edema in
the colon, is one of histopathological evaluations generally
used to detect the severity of ulcerative colitis. In this
system, the level of ulcerative colitis increases with
increasing score [24, 35]. Therefore, the increases in the
macroscopic and microscopic scores and the colonic MPO
activities are considered direct evidence that ulcerative
colitis has been induced by the TNBS instillations
mediated by oxidative stresses.

Silver techniques have been regarded as a general
method for detecting GI endocrine cells, which were
classified as Grimelius positive argyrophil and Masson-
Hamperl positive argentaffin cells [11, 20]. CG belongs
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to a family of large anionic proteins, the members of
which are present in the secretory granules of a broad
spectrum of amine and peptide-producing cells of the
adrenal medulla and gastrointestinal endocrine system, as
well as in some neurons of the peptidergic and
catecholaminergic nervous system of several mammals
[28]. CGs occur in a wide variety of endocrine organs and
cells outside the adrenal medulla, and are considered
common markers of all neuroendocrine cells [3]. Serotonin
consists of monoamines and is distributed widely in the
nervous system and GI endocrine cells. The main
functions of serotonin are the inhibition of gastric acid
secretion and contraction of the smooth muscle in the GI
tract [13]. Somatostatin consisting of 14 amino acids was
isolated from the hypothalamus of sheep for the first time
and can be divided into the straight and cyclic forms [1].
This substance inhibits the secretion of the other
neuroendocrine hormones [17]. Glucagon is synthesized
in the cells of the pancreas and regulates the serum
glucose levels [13]. GI endocrine cells might be involved
in the pathogenesis of a range of digestive disorders, such
as patients with ulcerative colitis, Crohn’s disease [8],
peristaltic reflex and motility disorders [37], and irritable
bowel syndrome [32]. In addition, the relationship between
the immune and neuroendocrine system in the normal
colon and in pathology was also reported [26]. In the
present study, marked decreases in colonic endocrine cells
were detected in the TNBS-treated animal. These results
suggest that colonic endocrine cells are also disrupted by
TNBS-induced ulcerative colitis and these disruptions of
colonic endocrine cells might be partially involved in the
symptoms of colitis.

Conclusion

After TNBS instillation into the lumen of the colon in
rats, ulcerative colitis was induced as increases in
macroscopic and microscopic scores in the colon tissues
along with increases in the colonic MPO activities. In
addition, the number of colonic endocrine cells was also
decreases by TNBS instillation. These results suggest that
colonic endocrine cells were also disrupted by TNBS-
induced ulcerative colitis.
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