
ORIGINAL ARTICLE

The 5-HT3 Receptor Antagonist Ondansetron Attenuates
Pancreatic Injury in Cerulein-Induced Acute Pancreatitis
Model

Atsushi Tsukamoto ,1,3 Takuto Sugimoto,1 Yuta Onuki,1 Hajime Shinoda,1 Taiki Mihara,2

Masatoshi Hori,2,3 and Tomo Inomata1

Abstract—The 5-hydroxytryptamine-3 receptor (5-HT3R) antagonist ondansetron has been
clinically approved as an anti-emetic agent. Recent findings indicate that ondansetron has
anti-inflammatory properties. The aim of the present study was to assess the therapeutic
action of ondansetron in cerulein-induced acute pancreatitis model. Male-BALB/c mice were
used in the present study. Acute pancreatitis was induced by an hourly injection of cerulein.
Ondansetron was administered subcutaneously at a dose of 3 mg/kg. The messenger RNA
(mRNA) expression of 5-HT3 R in pancreatic tissue was assessed with RT-PCR. Plasma
amylase, lipase, and interleukin (IL)-6 levels were evaluated. Pancreatic injury was histo-
pathologically graded, and myeloperoxidase (MPO)-positive cells were counted. 5-HT3R
mRNAwas expressed in the pancreas. In acute pancreatitis model mice, amylase, lipase, and
IL-6 levels were significantly increased in the blood.With ondansetron treatment, these levels
were significantly decreased. Histopathological evaluation revealed that ondansetron attenu-
ated the inflammatory damage in acute pancreatitis. The number of infiltrated neutrophils
stained by MPO was decreased by ondansetron treatment. In summary, the 5-HT3R antag-
onist ondansetron attenuated pancreatic injury through its anti-inflammatory action. These
findings suggest that ondansetron may potentially be of use for therapy of acute pancreatitis.
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INTRODUCTION

Acute pancreatitis (AP) is an inflammatory disorder,
which is commonly observed in clinical practice. The
activation of pancreatic enzymes in acinar cell causes tissue
injury, leading to the recruitment of inflammatory cells and
secretion of inflammatory cytokines [1]. The mortality rate
associated with the severe form of AP has been reported to
be 15–25% [2]. The cause of death in AP is mainly induced
by multiple organ dysfunction syndromes, caused by the
systemic inflammation [3, 4]. In addition to high mortality
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rate, AP can be chronic, and may cause complications such
as diabetes [5]. To date, there is no specific and effective
therapy for AP. There is a need to identify active agents and
novel mechanisms for the treatment of AP.

Serotonin (5-hydroxytryptamine; 5-HT) is a well-
characterized neurotransmitter in the central nervous system.
The 5-HT receptors (5-HTR) are classified into seven fami-
lies (5-HT1–7R) and play a crucial role in regulating mood,
body temperature, sleep, appetite, metabolism, and inflam-
mation [6]. Among these, 5-HT3R is a cys-loop ligand-gated
ion channel family that is mainly localized in the central
nervous systems and gastrointestinal tract and mediates var-
ious physiological functions. In particular, 5-HT3R expressed
in the chemoreceptor trigger zone (CTZ) and vomiting center
plays an important role in the induction of vomiting reflex.
Clinically, 5-HT3R antagonists are used as anti-emetic
agents. To date, many 5-HT3R antagonists have been devel-
oped, including ondansetron, tropisetron, granisetron, dola-
setron, and palonosetron [7]. Among these, ondansetron is
one of the commonly used selective 5-HT3R antagonists for
the treatment of nausea and vomiting caused by chemother-
apy, radiation therapy, gastroenteritis, and surgery [8–11].

In addition to its anti-emetic action, novel properties of
the 5-HT3R antagonist have recently been postulated. It is
reported that 5-HT3R is expressed in monocytes, macro-
phages, and dendritic cells and modulates the production of
inflammatory cytokines such as IL-1β and IL-6 [12–15]. It
has been reported that 5-HT3R antagonist ameliorates colitis,
acute liver injury, and postoperative ileus through its anti-
inflammatory action [12, 13, 16]. In addition, recent findings
indicate that the 5-HT3R antagonist inhibits the discharge of
pancreatic vagal afferents, which in turn suppress the secre-
tion of pancreatic enzymes such as amylase [17, 18].

In the present study, we investigated the possibility of
the 5-HT3R antagonist ondansetron as a potential thera-
peutic agent against AP. To this end, we explored the anti-
inflammatory effect of ondansetron in a rodent AP model.

MATERIALS AND METHODS

Animals

Thirty-three male BALB/c mice aged 7 weeks were
obtained from a commercial vendor (BALB/c SLC: Japan
SLC Inc., Shizuoka Japan). The animals were acclimated
to the facility for 1 week before experimentation and kept
in polycarbonate cages (CL-0106-1, CLEA Japan, Tokyo,
Japan) with wood shavings. Animals were kept in a room
equipped with a barrier system at the Research Institute of

Biosciences, Azabu University. The room was air-
conditioned at a temperature of 22 ± 1 °C and a humidity
of 55 ± 5% andwas lit 12 h each day from 06:00 to 18:00 h.
Mice were fed a pelleted mouse diet (mouse and rat chow;
MC-2, CLEA Japan, Tokyo, Japan) ad libitum and had
unrestricted access to sterilized drinking water provided in
a water bottle. Animals were examined and deemed clini-
cally healthy before the study, and experiments were con-
ducted when mice were 8 weeks of age. All procedures in
the present study were conducted in accordance with the
guidelines approved by the Animal Research Committee of
Azabu University.

Experimental Procedure

Thirty-three mice were randomly assigned to control
or experimental groups. Cerulein-induced AP induced
hourly intraperitoneal injection of cerulein (Bachem AG,
Switzerland) at a dose of 50 μg/kg for 7 h. Six hours after
the last cerulein administration, the mice were euthanized
by cervical dislocation under pentobarbital anesthesia
(60 mg/kg, ip) after blood collection. Heparinized blood
was centrifuged; the plasma was collected and stored at
−20 °C until use. Autopsy was performed to obtain the
pancreatic tissue, which was divided into three portions:
head, body, and tail. The head portion was immediately
frozen using liquid nitrogen and stored at −80 °C until
histochemical staining with myeloperoxidase (MPO). The
body portion was used for histopathological grading. The
tail portion was used for RT-PCR.

mRNA Expression of 5-HT3R

Total RNAwas extractedwith a commercially available
kit (RNAspin Mini RNA Isolation Kit; GE Healthcare UK
Ltd., Buckingham shire, England) according to the manufac-
turer’s instructions. Reverse transcription was performed
using a PrimeScript RT Reagent Kit (Takara Bio Inc). Cyber
green quantitative PCR was performed to assess the messen-
ger RNA (mRNA) expression level of 5-HT3R (SYBR
premix EX taq II, Takara Bio Inc). The PCR amplification
involved the following steps: pre-denaturing (95 °C for 10 s)
and 40 cycles of denaturation (95 °C for 5 s), annealing
(60 °C for 30 s), and extension (95 °C for 15 s). The
following primer pairs were used: 5-HT3R (forward primer:
5′-ATATCCAGGCGTGAAGACGTT-3′, reverse primer: 3′-
CTAACACGTTGGTGGAAGT-5′), and glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) (forward primer: 5′-
TGTCCCCACCCCCAATGTATC-3′, reverse primer: 3′-
CTCCGATGCCTGCTTCACTACCTT-5′). The PCR prod-
ucts were electrophoresed in 7.5% acrylamide, stained with
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ethidium bromide, and visualized using a UV transillumina-
tor. The expression of the 5-HT3 receptor in the brain was
also confirmed as the positive control.

Measurement of Pancreatic Enzyme and Inflammatory
Cytokine Levels

Plasma amylase and lipase activities and levels were
evaluated according to the manufacturer’s instruction (cobas
6000, Roche Diagnostic, North America). Plasma IL-6 level
was measured using a commercially available sandwich
ELISA kit (Quantikine IL-6 ELISA kit, R&D Systems
Inc., MN). The absorbance of each sample was measured
at 450 nm using a plate reader (Power Scan HT, DS Pharma
Biomedical, Co., Ltd., Osaka), and the IL-6 levels were
calculated using a four-parameter logistic curve fit.

Histopathological Assessment

The body portion of the pancreas was fixed with 4%
paraformaldehyde/PBS. Then, the tissues were embedded
in paraffin and cut into 4-μm-thick sections, which were
stained with hematoxylin and eosin. Histopathological
grading was performed as previously described [19]. The
severity of AP was graded by semiquantitative evaluation
of edema, inflammatory cell infiltrate, and acinar cell ne-
crosis (Table 1). Each histopathological parameter was
assessed for each individual, and the total histopathological
score (range 0–9) was calculated.

MPO Staining

MPO staining in pancreatic tissue was performed
using commercially available kit (New PO-K Kit, Muto

Pure Chemicals, Co., Ltd., Tokyo), according to the man-
ufacturer’s instructions. The frozen tissue was sliced using
cryostat (CM3050 S, Leica Biosystems, Germany) at
6 μm. Counter staining was performed using Giemsa stain.
MPO-positive cells in the pancreas were evaluated as
previously described [14]. Positive cells were counted in
20 consecutive high-power fields (HPFs) on each slide at a
magnification of ×400.

Statistical Analysis

One-way ANOVAwas performed to compare the val-
ues for each group. When data were significant, the differ-
ences between the treatments at each group were analyzed
using the Tukey–Kramer test. Data were expressed as the
mean ± SD. A P value of <0.05 was considered significant.
All analyses were performed using commercially available
software (StatMate IV; ATMS Co., Ltd., Tokyo, Japan).

RESULTS

At first, we evaluated the messenger mRNA expression
of 5-HT3R by RT-PCR. 5-HT3R mRNA expression was
detected in the pancreas as well as the brain. The expression
of 5-HT3R in the pancreas was 0.87-fold of that in the brain
(Fig. 1).

Next, the effect of ondansetron on pancreatic enzymes
and cytokine levels in the blood was investigated in the
cerulein-induced AP model. In mice treated with cerulein
alone, a marked increase in amylase, lipase, and IL-6 levels
was observed compared to those treated with saline. Ondan-
setron significantly decreased the blood levels of amylase
and lipase compared with that in mice administered cerulein
alone (Fig. 2a, b). Furthermore, IL-6 level significantly
decreased in the ondansetron-treated group (Fig. 2c).

Finally, the histopathological severity of AP was evalu-
ated in each treatment group. The typical histopathological
findings in each treatment group are presented in Fig. 3a.
Mice treated with cerulein alone showed diffuse edema,
vacuolization, inflammatory cell infiltration, and acinar ne-
crosis in the pancreas. The administration of ondansetron
decreased the histopathological score compared with that in
mice treated with cerulein alone (Table 2). In particular, the
scores of edema and inflammatory cell infiltration markedly
decreased, indicating the anti-inflammatory effect of ondan-
setron. In addition, the number of MPO-positive neutrophils
inmice treatedwith cerulein increased, andmice administered
ondansetron showed a significant reduction in MPO-positive
cells in the pancreas (Fig. 3b).

Table 1. Criteria of Histopathological Scoring in Acute Pancreatitis

Parameter Score Indication

Edema 0 Absent
1 Observed between lobules focally
2 Diffusely increased between lobules
3 Acini disrupted and separated

Inflammatory
cell infiltrate

0 Absent
1 Rare or around ductal margins
2 In the parenchyma (<50% of the lobules)
3 In the parenchyma (>50% of the lobules)

Necrosis 0 Absent
1 Architectural changes, picnotic nuclei
2 Focal necrosis (<10% of parenchyma)
3 Diffuse parenchymal necrosis (>10% of

parenchyma)
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DISCUSSION

To the best of our knowledge, the present study dem-
onstrated for the first time that ondansetron ameliorates
pancreatic injury in AP through its anti-inflammatory ac-
tion. Ondansetron significantly attenuated pancreatic his-
tological damage, diminished infiltration of MPO-positive
neutrophils, and reduced plasma IL-6 levels. These find-
ings suggested that 5-HT3R antagonists may act as clini-
cally useful therapeutic agents against AP through anti-
inflammatory action.

There are several possibilities to demonstrate the anti-
inflammatory effect of 5-HT3R antagonists. The first pos-
sibility is that immune reactive cells that express 5-HT3R

may regulate acute inflammation. Durk et al. reported that
5-HT3R expressed in immune cells, such as monocytes,
and dendritic cells, promotes the secretion of IL-6 and IL-
1β to accelerate cellular inflammatory responses [20]. In
addition, the 5-HT3R antagonist inhibited the production of
TNF-α and IL-1βin human monocytes [21]. An increasing
number of findings provide evidence that suggest the anti-
inflammatory action of 5-HT3R antagonist in various in-
flammatory models. Ondansetron inhibited the infiltration
of CD68-positive macrophages and decreased the mRNA
expression of MCP-1, TNF-α, IL-1β, IL-6, and iNOS in a
post-operative ileus model [13]. In an acute liver injury
model, ondansetron treatment reduced the mRNA expres-
sion of TNF-α and IL-6 via p-38 MAPK phosphorylation

Fig. 1. mRNA expression of 5-HT3 R. a mRNA expression of 5-HT3R in the brain and pancreas. b Comparison of 5-HT3R mRNA levels. The data were
indicated with relative mRNA expression levels that were standardized with GAPDH. Columns show means ± SEM from three independent experiments.
N.S. not significant.

Fig. 2. Ondansetron decreases blood amylase, lipase, and IL-6 levels in AP. Plasma amylase (a), lipase (b), and IL-6 (c) levels were evaluated 6 h after the last
cerulein injection. Data are presented as means ± SEM. *Significant difference at P < 0.05. **Significant difference at P < 0.01.
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[16]. Based on these findings, the inhibition of cell infil-
tration and cytokine production observed in the present
study may be achieved through 5-HT3R expressed in in-
flammatory cells such as macrophages. In the present
study, 5-HT3R mRNAwas highly expressed in pancreatic
tissue. However, commercially available antibodies against
5-HT3R may not have enough selectivity for the receptor,
indicating the requirement for extreme caution to study the
distribution of 5-HT3R.

The second possibility is that the target cells that
induce therapeutic action through ondansetron are acinar
cells in the pancreas. The present study demonstrated that
ondansetron treatment decreased amylase and lipase levels
in the blood. The pathogenesis of AP involves the extra-
cellular leakage of pancreatic enzymes, followed by the
disruption of acinar cells, which flow into the circulating
blood [3]. The leakage of amylase and lipase is a major
trigger for the onset of AP. A recent study revealed that
pancreatic inflammation was significantly decreased in the
AP model of tryptophan hydroxylase-1 knockout mice
[22]; therefore, 5-HT is required for the onset of pancreatic
inflammation. Previous findings indicate that 5-HT direct-
ly regulates the secretion of pancreatic enzymes. 5-HT

originating from intestinal EC cells activated 5-HT2R and
5-HT3R on vagal afferent fibers to mediate luminal factor-
stimulated pancreatic secretion [18]. An in vitro and ex vivo
study demonstrated that the reduction in intracellular levels
of 5-HT resulted in the decrease of zymogen granule
secretion by altering the cytoskeleton dynamics [22]. Fur-
thermore, a previous study demonstrated that the 5-HT3R
antagonist MDL72222 inhibited pancreatic exocrine secre-
tion [23]. Taken together, ondansetron may inhibit the
secretion of zymogen, leading to the attenuation of pancre-
atic injury. Further studies may be warranted to clarify the
exact mechanism underlying the decrease in blood pancre-
atic enzyme levels by ondansetron.

The final possibility is that the anti-inflammatory ac-
tion of 5-HT3R antagonists in AP may be mediated through
the activation of α7 nicotinic acetylcholine receptors
(α7AChR) in macrophages. A typical 5-HT3R antagonist,
tropisetron, has a partial agonistic ability for α7AChR [24].
The stimulation of α7nAChRs in leukocytes induces the
anti-inflammatory action in animal models [25–27]. How-
ever, we demonstrated that the ondansetron-induced anti-
inflammatory action was reduced in a POI model using 5-
HT3R null mice [13], which indicated that ondansetron can

Fig. 3. Ondansetron inhibits histopathological damage and cell infiltration in AP. Typical histopathological findings in each treatment group. Histopatho-
logical changes such as necrosis, edema, and cell infiltration were attenuated by ondansetron. b Number of MPO-positive cells in each treatment group.
**Significant difference at P < 0.01.

Table 2. Histopathological Scores in Each Group

AP AP + ondansetron P value

Edema 1.91 ± 0.21 1.27 ± 0.19 0.019
Inflammatory cells infiltrate 1.90 ± 0.28 1.18 ± 0.23 0.029
Necrosis 1.54 ± 0.24 1.18 ± 0.18 0.125
Total 5.36 ± 0.68 3.64 ± 0.56 0.032

AP acute pancreatitis
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ameliorate pancreatic injury in AP through 5-HT3R inhibi-
tion without α7nAChR activation.

The present study suggests that ondansetron may be
clinically effective in the treatment of AP by modulating
acute inflammatory process. Along with its anti-
inflammatory action, ondansetron exhibits potent anti-
emetic action through 5-HT3R [28]. Gastrointestinal clini-
cal symptoms such as nausea and vomiting are common
clinical symptoms of AP. It is reported that nausea and
vomiting are observed in 75–90% of patients [29]. Collec-
tively, 5-HT3R antagonists such as ondansetron may be
useful therapeutic agents for AP owing to their anti-
inflammatory action in addition to their anti-emetic action.
The anti-inflammatory action of the 5-HT3R antagonist
may also be clinically useful in the treatment of other
inflammatory diseases as a drug repositioning concept,
which explores the novel therapeutic indications of con-
ventional clinical agents [30]. As the repositioned drug has
already passed a significant number of toxicity and other
tests, its safety is known and the risk of failure for reasons
of adverse toxicology is reduced. Further clinical studies
are warranted to investigate the clinical efficacy of ondan-
setron in the treatment of AP.
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