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Abstract

AIM: To investigate the effects of fluoxetine on
depression-induced changes of mast cell morphology
and protease-1 (rMCP-1) expression in rats.
METHODS: A Sprague-Dawley rat model of chronic
stress-induced depression was established. Fifty
experimental rats were randomly divided into the
following groups: normal control group, fluoxetine +
normal control group, depressed model group, saline
+ depressed model group, and fluoxetine + depressed
model group. Laser scanning confocal microscopy
(LSCM) immunofluorescence and RT-PCR techniques
were used to investigate rMCP-1 expression in gastric
antrum. Mast cell morphology was observed under
transmission electron microscopy. ANOVA was used for
statistical analysis among groups.

RESULTS: Morphologic observation indicated that
depression induced mast cell proliferation, activation,
and granule hyperplasia. Compared with the normal
control group, the average immunofluorescence
intensity of gastric antrum rMCP-1 significantly
increased in depressed model group (37.4 + 7.7 vs 24.5
+ 5.6, P < 0.01) or saline + depressed model group
(39.9 £ 5.0 vs 24.5 * 5.6, P < 0.01), while there was
no significant difference between fluoxetine + normal
control group (23.1 * 3.4) or fluoxetine + depressed
model group (26.1 £ 3.6) and normal control group.

The average level of rMCP-1mRNA of gastric antrum
significantly increased in depressed model group
(0.759 + 0.357 vs 0.476 = 0.029, P < 0.01) or saline
+ depressed model group (0.781 £+ 0.451 vs 0.476 £
0.029, P < 0.01 ), while no significant difference was
found between fluoxetine + normal control group (0.460
% 0.027) or fluoxetine + depressed model group (0.488
%+ 0.030) and normal control group. Fluoxetine showed
partial inhibitive effects on mast cell ultrastructural
alterations and de-regulated rMCP-1 expression in
gastric antrum of the depressed rat model.
CONCLUSION: Chronic stress can induce mast cell
proliferation, activation, and granule hyperplasia in
gastric antrum. Fluoxetine counteracts such changes in
the depressed rat model.
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INTRODUCTION

Mast cells are now recognized as “granular cells of the
connective tissue”, whose activation exacerbates allergic
immune responses and as key players in the establishment
of innate immunity as well as modulators of adaptive
immune responsesm. The role of mast cells in the
gastrointestinal mucosa is not only to react to antigens,
but also to actively regulate the barrier and transport
properties of the intestinal epithelium. Mucosal mast
cells respond to both IgE/antigen-dependent and non-
IgE-dependent stimulation, releasing bioactive mediators
into adjacent tissues where they induce physiological
responses. Studies in models of hypersensitivity and stress
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have provided evidence that changes in mucosal function
are due to either direct action of mast cell mediators on
epithelial receptors and/or indirect action via nerves/
neurotransmitters”. Intestinal anaphylaxis is associated
with disturbances in gut function that are antigen-specific
and dependent on mast cell degranulation. During
mucosal immunoglobulin E-mediated reactions, rat mast
cell protease II (tMCP-1I) is released and is associated
with ultrastructural changes in the intestinal mucosa. The
systemic appearance of this specific protease provides
a serum marker of intestinal anaphylaxis. Psychological
stress may trigger this sensitive alarm system zia the brain-
gut axis”. In clinical studies, it has become clear that
psychological factors, especially anxiety and depression,
play an important role in gastrointestinal diseases by
precipitating exacerbation of symptoms[4’5]. Several studies
have shown that the prevalence of chronic stressed
disorders in patients with gastrointestinal symptoms is
60%-85%""\. Stress often worsens the symptoms of
gastrointestinal diseases, which might be explained by
altered neuroendocrine and visceral sensory responses to
stress'”.

Fluoxetine hydrochloride (fluoxetine) is a kind of
selective serotonin reuptake inhibitors (SSRIs), which
belong to a class of antidepressants used in the treatment
of depression and anxiety disorders. SSRIs increase
the extracellular expression of the neurotransmitter
serotonin by inhibiting its reuptake into the presynaptic
cells. Studies have suggested that SSRIs may promote
the growth of new neural pathways or neurogenesism.
SSRIs may also protect against neurotoxicity caused by
other compounds as well as from depression itself. Recent
studies showed that pro-inflammatory cytokine processes
took place during depression in addition to somatic
diseases and it was possible that symptoms manifested
in these psychiatric illnesses were being attenuated
by the pharmacological effects of antidepressants on
the immune system[m] SSRIs have been found to be
immunomodulatory and anti-inflammatory against pro-
inflammatory cytokine processes[“’m.

The aim of this study is to investigate the effects
of fluoxetine hydrochloride (fluoxetine) on mast cell
morphology and tMCP-1 expression in gastric antrum in
a rat model of depression.

MATERIALS AND METHODS

Animals

Fifty healthy male Sprague-Dawley rats, weighing 250
t+ 300 g, from the Animal Center, Hubei Academy of
Preventive Medical Sciences, were used in the present
study. The animals were fed standard rat chow, allowed
access to tap water and acclimatized to the surroundings
for 1 wk prior to the experiments.

Reagents

Cy3-conjugated goat anti-rabbit IgG, tMCP-1 rabbit
anti-mouse antibody were purchased from Sigma Co.,
USA. Fluoxitine hydrochloride capsule was purchased
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from Lilly Co. Ltd. Other reagents used in the study
were all of analytical grade.

Experimental protocols

All procedures were approved by the Animal Care
Committee at the Medical Department of Wuhan
University. A rat model of chronic stress-induced
depression was established"™'". The rats received a
variety of stressors for 21 d, including tail nip for 1
min, cold water swimming at 4°C for 5 min, heat stress
at 45°C for 5 min, water deprivation for 24 h, food
deprivation for 24 h, 12-h inverted light/datk cycle (7:00
a.m. lights off and 7:00 p.m. lights on), paw electric
shock (electric current 1.0 mA10 s, every 1 min, lasting
10 s, 30 times). The animals were randomly divided
into five groups (10 rats per group): normal control,
fluoxetine + normal control, depressed model control,
saline + depressed model, and fluoxetine + depressed
model. The depressed animals were treated with saline
and fluoxetine (10 mg/kg), respectively. A normal
control group of rats without receiving any stress was
included and housed in a separate room; food and water
were freely available in their home cage.

Immunofluorescence histochemistry

The rats were anesthetized with urethane (5 mg/kg ip.)
and rapidly killed by decapitation. The gastric antrum
samples (1 ecm X 1 cm) were perfused with 4% parafor-
maldehyde for immunofluotescence histology from each
group. Each sample was cut into 30 sections and each
section was cut 50-um thick using a vibratome. Serial
sections were placed on slides, three to a slide. The sec-
tions were numbered from 1 to 30. Ten sections were
incubated. The staining procedure was as follows: (1) the
sections were washed in phosphate-buffered saline (PBS),
then pretreated with 0.25% Triton X-100 for 30 min at
37°C and rinsed in PBS; (2) incubation for 12 h at 4°C in
a 1:100 dilution of the primary antibody of rMCP-1 in
PBS; and (3) incubation with 1:200 diluted secondary an-
tibody (Cy3 -conjugated goat anti-rabbit IgG) in PBS for
1 h at 37°C.The sections were washed three times for 10
min after incubation steps 1 to 3, respectively, and were
finally mounted in 50 g/L glycerin.

Detection was carried out according to the kit
instructions (Leica SP2 TCS AOBS made in Germany).
The specimens were excited with a laser beam at a
wavelength of 492 nm (Cy3). The sections wete ob-
served under a laser scanning confocal microscope
(LSCM) and analyzed with a Leica Q500IW image analy-

sis system in terms of Cy3 fluorescent intensity.

Electron microscopic analysis

For electron microscopic analysis, gastric antrum tissue
sections were fixed in modified Karnovskyys medium
containing 2% paraformaldehyde, 3% glutaraldehyde and
0.1% tannic acid in 0.1 mmol/L phosphate buffer (pH 7.4)
and processed as before!". Each electron microscopic
sample was divided into 5 blocks. Each block was cut
into 10 sections (200 um thick). Five sections selected



Chen ZH et a/. Fluoxetine on mast cell morphology

6995

Figure 1 Gastric antrum tissue staining procedure include: (1) pretreatment with 0.25% Triton X-100; (2) incubation in the primary antibody of rMCP-1; (3)
incubation with secondary antibody (Cy3 -conjugated goat anti-rabbit IgG). A: Expression of rMCP-1 in the normal control group; B: Expression of rMCP-1 in the
fluoxetine + normal control group; C: Expression of rMCP-1 in the depressed model control group; D: Expression of rMCP-1 in the saline + depressed model group; E:

Expression of rMCP-1 in the fluoxetine + depressed model group.

from 10 sections were observed. Ultrathin sections were
placed onto copper gride, stained with uranyl acetate
and lead citrate, and observed under a transmission
electron microscope (Hitachi H-600, Japan). Mast cells
were evaluated according to Letourneau”. Mast cells
containing many intact electron-dense granules or
containing empty granules were categorized as inactive
and active cells, respectively. All mast cells were counted at
magnification X 4000 in 30 visual fields.

Reverse Transcription-Polymerase Chain Reaction (RT-
PCR)

To quantify the expression of tMCP-1 RNA, we per-
formed a RT-PCR assay as described previously!"”. Total
mRNA was isolated with TRIZOL (Invitrogen) accord-
ing to the instructions of manufacturer. The primers
for RT-PCR were as follows: tMCP-1 (237 bp), forward
primer 5“GCCTGTAAAAACTATTTT-3); reverse primer
5'"CAGGCTGGTCAGATCCTGC-3"'. GAPDH
(217bp), forward primer 5'-GAAACCTGCCAAG-
TATGATG-3'"; reverse primer 5'-ACCAGGAAAT-
GAGCTTGAGA-3". The reaction mixture was added
to the RNA solution and incubated at 42°C for 1 h,
heated at 94°C for 5 min, and chilled at 48°C. For PCR,
the cDNA reaction mixture was diluted with 40 ml
of PCR buffer and mixed with 50 pmol of the prim-
ers. The reaction was carried out in a DNA thermal
cycler under the following conditions: 94°C for 30 s,
58°C for 30 s and 72°C for 45 s. Following the reaction,
the amplified products were analyzed by 1.5% agarose gel
electrophoresis and visualized using ultravioletuorescence
after staining with ethidium bromide. The relative content
of tMCP-1 mRNA was calculated densitometrically based
on the densitomettic ratio between tMCP-1 and GAPDH.

Statistical analysis

Data were expressed as mean + SE. Statistical analysis
was performed using one-way ANOVA and the non-
parametric Mann-Whitney U test between groups.
P values less than 0.05 were considered statistically
significant.

RESULTS

Immunofiuorescence histochemical assay

LSCM was used to prepare immunofluorescence picture,
and LSCM imaging system was used to analyze the
rMCP-1 immunofluorescence intensity among groups.
Compared with the normal control group, the average
immunofluorescence intensity of gastric antrum rMCP-1
significantly increased in depressed model group or
saline + depressed model group (Figure 1, Table 1, P <
0.01), while there was no significant difference between
fluoxetine + normal control group or fluoxetine +
depressed model group and normal control group.
Compared with depressed model group, the average
immunofluorescence intensity of gastric antrum tMCP-1
significantly decreased in fluoxetine + depressed model
group (Figure 1, Table 1, P < 0.01), while there was no
significant difference between saline + depressed model
group and depressed model group. This confirmed that
chronic stress induced mast cells to secrete tMCP-1 and
fluoxetine inhibited this effect.

Ultrastructural morphology analysis

Compared with the normal control rats, the total number
of mast cells/30 visual fields and the percentage of
activated mast cells increased significantly, while the
percentage of normal mast cells decreased significantly
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Figure 2 Electron photomicrographs of mast cells from the rat gastric antrum among groups. A: A control group (x 4000); B: A fluoxetine + normal control group (x
4000); C: A depressed model group (x 4000); D: A saline + depressed model group (x 6000); E: A fluoxetine + control group (x 4000).

Table 1 Average immunofluorescence intensity analysis of

rMCP-1 alterations in gastric antrum of depressed rat model (z

Table 2 Ultrastructural morphologic changes of gastric tissue
mast cells (7 = 10, mean + SE)

= 10, mean + SE)

Group Fluorescence intensity of MCP-1
Normal control 248+5.6
Fluoxetine + control 23.1+34°
Depressed 37.4+7.7
Saline + depressed 39.9 £ 5.0
Fluoxetine + depressed 26.1+3.6°

Group Mast cells/30 Normal Activated
visual fields mast cells (%) mast cells (%)
Normal control 240+35 64.6+9.9 354+37
Fluoxetine + control 222 +3.4° 69.8 £6.1° 30.2+3.7°
Depressed 40.6+3.9° 333+4.7° 66.7 £4.9°
Saline + depressed 422+37° 304 £3.7° 69.6+4.7°
Fluoxetine + depressed ~ 28.1+3.3"  444+56™ 556 +5.6™

rMCP-1: rat mast cell protease- 1. °P < 0.01 vs depressed model control
group; ‘P < 0.01 vs normal control group.

in chronic stress-induced depressed rats or saline +
depressed model rats (Table 2, P < 0.01). In depressed rats
treated with fluoxetine, the changes in total number of
mast cells/30 visual fields and the percentage of activated
or normal mast cells were between normal control group
and depressed model rats (Table 2, P < 0.05).

In morphology, ultrastructural observations indicated
that gastric antrum mast cells were rich and strictly
in perivasculitis. In normal control rats or fluoxetine
+ normal control rats, the mast cells were spherical
in shape with round nucleus, and contained clectron-
dense granules. Some secretary granules were intact with
homogeneous electron dense content (Figure 2A and
B). In chronic stress-induced depressed rats or saline
+ depressed rats, the mast cells were elongated with a
fusiform nucleus, granules maldistributed and contained
altered electron-dense content. The mast cells were
proliferative, while the granules were also hyperplastic.
Mast cell secretary granules exposed to the surface of the
target and mast cells contained fibrillar material, empty
granules and lipid bodies (Figure 2C and D). In depressed
rats treated with fluoxetine, the morphological alterations
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P < 0.05, °P < 0.01 vs normal control group; P < 0.05, 4P <0.01 vs depressed
model control group.

were between normal control rats and depressed rats
(Figure 2E).

Effects of fluoxetine on gastric antrum rMCP-1mRNA by
RT-PCR

Compared with the normal control group, the average
level of tMCP-1 mRNA of gastric antrum significantly
increased in chronic stress-induced depressed model
group or saline + depressed model group, while there
was no significant difference between fluoxetine +
normal control group or fluoxetine + depressed model
group and normal control group. Compared with
depressed model group, the average level of tMCP-1
mRNA of gastric antrum significantly decreased in
fluoxetine + depressed model group, while there was no
significant difference between saline + depressed model
group and depressed model group (Figure 3, P < 0.01).

DISCUSSION

Mast cells are immunocytes, which are widely distributed
throughout the gastrointestinal tract. Several stimuli (e.g
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Figure 3 Photograph and the average level of rMCP-1 mRNA of rat gastric
antrum by RT-PCR among groups. A: Control group; B: Fluoxetine + control
group; C: Depressed model group; D: Saline + depressed model group; E:
Fluoxetine + depressed model group; °P < 0.01 vs normal control group; °P <
0.01 vs depressed model control group. rMCP-1: rat mast cell protease-1.

allergens, neuropeptides and stress) lead to mast cell
activation with consequent mediator release (e.g: histamine,
protease, tryptase, chymase and prostanoids)!'™"”. A
number of reports indicate that mast cells can be activated
by acute stress”’. Mast cell activation has also been
reported in the intestine after repetitive exposure to odots,
and acute exposure to cold, which is largely used to study
gastric erosion formation induced by stress, and activates
both gastric and colonic motility and transit in rats*". In
this study, chronic stress induced tMCP-1 to release in
depressed rats. Chronic unpredictable heterotypic stressors
appeared to induce mast cell proliferation and activation,
while mast cell granules proliferated. Mast cell secretary
granules in depressed rats occurred more often, exposing
to the surface of the target and mast cells contained
fibrillar material, empty granules and lipid bodies. Studies
on mast cells illustrated the remarkable facility of mast cell
population to respond to the changes in the environment
by significant alterations in multiple aspects of their
phenotype, including morphology, mediator content,
degranulation pattern and proliferative potential .

On the other hand, fluoxetine showed partial
inhibitive effects on mast cell ultrastructural alterations
and de-regulated tMCP-7 mRNA expression in gastric
antrum tissue in a rat model of depression. Fluoxetine
is a serotonin reuptake inhibitor in the central nervous
system as well as in mast cells. It depleted mast cell
nuclear as well as cytoplasmic serotonin content™.
Several researches found that antidepressants influenced
histamine and serotonin secretion from rat peritoneal
mast cells®**), Maes™ reported that various types of
antidepressants, including SSRIs such as fluoxetine,
had negative immunoregulatory effects. The negative
immunoregulatory effects of antidepressants result from
their effects on the cAMP-dependent protein kinase A
(PKA) pathway. Chronic unpredicted mild stress can affect
the PKA expression in rats and fluoxetine is antagonistic

against it®”. In addition, the effect of fluoxetine on
tMCP-1 expression was related to neuropeptide [e.g.
substance P (SP), corticotropin-releasing hormone
(CRH), vasoactive intestinal polypeptide (VIP)]. In severe
depression, SP serum levels are increased”™. The data
indicate that SP serum levels might be related to response
to antidepressant therapy[29]. In other reports, fluoxetine
can improve depressed behavior, increase VIP expression
and decrease CRH expression in plasma and the duodenal
tissue of depressed rats. Clinically effective therapy with
antidepressants normalizes the disturbed activity of the
hypothalamic-pituitary-adrenal (HPA) axis, in part by
decreasing SP, CRH or increasing VIP synthesis™".

These findings will conduce to understand that chronic
heterotypic stress may induce the immune responses in
gastric mucosa. Treatment with fluoxetine can ameliorate
pathological changes in gastric antrum of depressed rat
model, suggesting that SSRIs are an effective therapeutic
agent for some gastroduodenal diseases caused by
psychological factors.
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COMMENTS

Background

In clinical studies, it has become clear that depression plays an important role
in gastrointestinal diseases by precipitating exacerbation of symptoms. The
stress may induce mast cell activation and degranulation.

Research frontiers

Some data strongly suggested that mast cells played an important role in
pathophysiology of gastrointestinal diseases. Selective serotonin reuptake
inhibitors (SSRIs) have been shown to be immunomodulatory and anti-
inflammatory against proinflammatory cytokine processes.

Innovations and breakthroughs

The authors established a rat depression model, and observed the level of
mast cell protease-1 (rMCP-1) expression in gastric antrum and the effects of
fluoxetine on mast cell morphology and rMCP-1 expression in the depressed
rats.

Applications

These findings will conduce to understand that chronic heterotypic stress may
induce the immune responses in gastric mucosa. Treatment with fluoxetine
can ameliorate pathological changes in gastric antrum of depressed rat
model, suggesting that SSRIs are an effective therapeutic agent for some
gastroduodenal diseases caused by psychological factors.

Terminology

Rat mast cell protease-1 (rMCP-1) is released and is associated with mast cell
activation and degranulation.

Peer review

The authors of the present study showed that depression led to mast cell
proliferation and activation in the gastric antrum. Fluoxetine counteracted such
changes in gastric antrum in the depressed rat model.
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