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Abstract

Background Diabetes mellitus (DM) is one of the most common diseases in the worldwide. Type 1 diabetes mellitus (T1DM)
is characterized by insulin deficiency and beta cells apoptosis. Tropisetron as a 5-HT3 receptor antagonist has positive effects
on the inflammation, apoptosis and glucose lowering. The aim of this study was to investigate the effect of tropisetron on
B-cells apoptosis and its possible pathways.

Methods Animals were divided into five equal groups: the control, tropisetron, diabetes, tropisetron-DM and glibenclamide-
DM (seven in each group). Tropisetron and glibenclamide were administrated for 2 weeks after type 1 diabetes induction.
Real-time PCR, western blot analysis and TUNEL assay were performed.

Results We found that tropisetron decreased blood glucose and increased insulin secretion. Protein expression of NF-kB
was downregulated, while protein expression of SIRT1 upregulated after tropisetron treatment. Moreover, Bax/Bcl2 ratio
decreased in tropisetron-DM group and finally, apoptosis improved in pancreas tissue.

Conclusions It seems that tropisetron administration improves STZ-induced apoptosis and diabetes in the animals. This

effect might be resulted from involvement in NF-kB/ SIRT1 pathway.
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Introduction

Diabetes mellitus (DM) is a serious chronic metabolic
disease, the global prevalence of which is increasing.
It has been estimated that it will increase to 629 million
people by 2045 [1]. Type 1 diabetes mellitus (T1DM) or
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insulin-dependent diabetes is an autoimmune disorder, char-
acterized by high glucose level, insulin deficiency and exces-
sive beta cell dysfunction and destruction [2]. Apoptosis is
the major pathway in pancreatic cells loss. In fact, increased
levels of blood glucose lead to progressive p-cells injuries,
pancreatic apoptosis and, eventually, lack of insulin [3,4].
Hyperglycemia, ROS, inflammatory cytokine’s overproduc-
tion and T-lymphocytes activation induce p-cells apoptosis
[5,6]. Among this, nuclear factor-kappa B (NF-kB) as a key
transcription factor plays a critical role in the regulation of
immune responses and apoptosis [7]. It has been revealed
that hyperglycemia and inflammatory processes activate
NF-kB, then it is translocated into the nucleus and induce
DNA degradation [6,8]. One of the inhibition factors for
NF-«B is silent information regulator-two 1 (SIRT1). Stud-
ies have demonstrated that SIRT1 acts as an anti-inflam-
matory factor by inhibiting NF-kB signaling pathway [9].
Indeed, there are a crosstalk between NF-xB and SIRT1 in
the TIDM. SIRT1 increases insulin levels by repressing the
action of UCP2 and suppressing the apoptosis [12,13]. Since
p cell apoptosis is the major complication of TIDM, a large
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number of studies are being conducted on many pharmaco-
logic and natural compounds.

Previously, involvement of serotonergic system in the
pathophysiology of many diseases has been well known,
which included anxiety, non-alcoholic fatty liver disease,
gastric ulcer, metabolism and so on [14,15]. Recently, Mao
et al. reported blocking 5-HT3 synthesis restored adipos-
ity, high-fat diet-induced obesity and glucose intolerance
in ZnT8-deficient mice [16]. Tropisetron is a 5-HT3 recep-
tor antagonist that is used as a safe and well-tolerated drug
to neutralize chemotherapy and surgery-induced emesis
[17,18]. Positive effects of tropisetron on plasma glu-
cose have been shown, and treatment with tropisetron has
decreased blood glucose and improved diabetic nephropathy
in rats [19]. Several studies have also reported tropisetron
effects on the inflammation, cytokines secretion and apop-
tosis suppression [20,21], these properties are independent
from 5-HT3 receptor pathway [22,23]. One of the targets of
inhibitory effect of tropisetron is calcineurin, a Ca/2 4 calm-
odulin-dependent phosphatase, which could mediate T-cell
stimulation contributing to its anti-inflammatory properties
[23]. Moreover, tropisetron inhibits high glucose-induced
apoptosis via the decreased expression of Bax and caspase-3
[24].

According to previous findings, this study was designed
to assess the effects of tropisetron on the p-cell pancre-
atic apoptosis in the STZ-diabetic rats and involvement of
SIRT1/NF-xB pathway.

Materials and methods

Reagents: tropisetron (Cayman Chemical Co, USA), strep-
tozotocin (Sigma, St. Louis, Mo, USA)), insulin kit (E-EL-
R2466Elabscience, USA), glibenclamide (Sigma, India),
TUNEL kit (In Situ Cell Death Detection Kit, POD Version
13.0:Cat. No. 11 684 817 910, Roch).

Experimental procedures

Thirty-five male wistar rats (250 +20 g) were used in this
study. Animals were housed in a temperature-controlled
room at a 12:12 light/dark cycle with free access to the
food and tap water. All procedures were according to the
Guidelines for Animal Care and Use at the Qom and Urmia
Universities of Medical Sciences (IR.MUQ.REC.1397.087
and IR.UMSU.REC.1396.359). Animals randomly divided
into five equal groups (N=7). Control group: animals that
received saline for 2 weeks intraperitoneally (ip). Tropise-
tron group: received 3 mg/kg tropisetron for 2 weeks ip [25].
Diabetes group (DM): animals that received 50 mg/kg of
streptozotocin (STZ) ip to induce type 1 diabetes (freshly
dissolved in the saline) [26]. Tropisetron-treated diabetes
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group (Tropisetron-DM): diabetic animals that received
tropisetron for 2 weeks ip after diabetes induction and glib-
enclamide-treated diabetes group (Glibenclamide-DM):
diabetic rats that received 1 mg/kg/day glibenclamide for
two weeks ip after diabetes induction [26]. Forty-eight hours
after the STZ injection, hyperglycemia was determined by
measuring the tail vein blood glucose content using by glu-
cometer (Elegance, Model: no: CT-X10 Germany). Rats
with blood glucose of higher than 300 mg/dl were consid-
ered diabetic. At the end of the experiment, the animals were
anaesthetized with sodium pentobarbital (35 mg/kg, ip. The
abdomen was opened via midline incision; the pancreas was
immediately removed and washed in ice-cold physiological
saline. Blood samples were directly collected from the heart.
A part of the pancreas was dissected and fixed in 10% buff-
ered formaldehyde solution and other part kept at — 70 °C.

Real-time RT-PCR

Total RNA was extracted from frozen tissue samples using
the RNX-plus Kit (Cinnagen, Tehran, Iran) according to
the manufacturer’s instructions. The quantity and purity of
the RNA samples were measured by Nanodrop spectropho-
tometer (Thermo scientific, USA). Complementary DNAs
(cDNA) were made from mRNA templates for qRT-PCR
using the Pocket Script RT perMix (BioNeer, Alameda, CA,
USA). The synthesized cDNAs were used as templates for
real-time PCR. Real-time PCR analysis was performed with
Accu Power 2 X Green star gPCR Master Mix (Biofact). The
quantitation of data was performed using the comparative
27A4C method. Glyceraldehyde-3-pPhosphate dehydroge-
nase (GAPDH) was used as an internal control [27]. Primer
for studied gene was designed by primer3 software (v. 0.4.0)
(https://primer3.ut.ee), and based on sequences found in the
Ensemble. Primer sequence homology and total gene speci-
ficity were confirmed with BLAST analysis (www.ncbi.nlm.
nih.gov/blast). The primer sequence was as follows:

GAPDH(F)GACAACTTTGGCATCGTGGA (R)ATG
CAGGGATGATGTTCTGG

Bax(F)CGGCGAATTGGAGATGAACTGG (R)CTA
GCAAAGTAGAAGAGGGCAACC

Bcl2 (F)TGTGGATGACTGACTACCTGAACC (R)
CAGCCAGGAGAAATCAAACAGAGG

Western blot

NF-kB-p65-1and SIRT1 expressions in the pancreas tissue
were determined by Western immunoblotting. Briefly, the
protein concentration of the supernatant was measured by
the Bradford assay kit (Sigma Aldrich, USA) and then, a
20 pg protein was loaded in each well after mixing with a
2X sample loading buffer. The proteins were separated in
10% SDS-gels and transferred to PVDF membranes in an
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hour for all the loaded samples. Subsequently, the block-
ing of the membranes was performed in a 5% skim milk
buffer containing 0.1% Tween-20 for 1.5 h and then probed
with primary antibodies against NF-xB-p65-1(ab16502),
SIRT1(sc-15404) and p-actin (sc-130657) overnight at
4 °C in a shaker incubator. After 4 X5 min washing with a
Tris buffered saline solution containing 0.1% Tween-20, the
HRP-conjugated secondary antibody (1:7000, cell signaling)
was added to the membranes. After 1 h of incubation in the
shaker, the membranes were bathed in the wash buffer and
washed at least 3 X 5 min. Then, the membranes were incu-
bated with the enhanced chemiluminescence (ECL, Amer-
sham) reagents in dark room. This was followed by exposing
of the membrane to an X-ray film and visualization of the
chemiluminescence of the binding by means of a visualizing
machine. The intensity of the bands was determined using
Image J software (1J 1.46r version, NIH, USA) and normal-
ized to the bands of the internal control (beta-actin).

TUNEL assay

Paraffin sections of pancreas tissues rehydrated and stained
by the terminal deoxynucleotidyl transferase (TdT)-medi-
ated dUTP nick end labeling (TUNEL) kit (Roche in Situ
Cell Death Detection Kit, POD Version 13.0, Germany)
according to the manufacturer’s instructions and cell apop-
tosis was observed under light microscope.

Statistical analysis

Data were expressed as mean + SEM. First, data normal-
ity was checked by the Kolmogorov—Smirnov test. To find
the differences between groups and data comparison (dia-
betes group and treatment groups), statistical analysis was
performed by two-way analysis of variances (ANOVA) and
Tukey’s post hoc test using SPSS. P <0.05 considered to be
statistically significant.

Results

Tropisetron decreased blood glucose level
and increased plasma insulin secretion
in the STZ-induced diabetic rats

Two-way ANOVA analysis on blood glucose level showed
the significant effect of tropisetron (F;;,=165.31;
p<0.001). Post hoc comparisons revealed that in the Tro-
pisetron-DM and Glibenclamide-DM groups, blood glu-
cose markedly decreased compared with the diabetes group
(Fig. 1a). Contrarily, insulin plasma level significantly
increased (F ;o =68.25; p<0.001). More analysis demon-
strated that administration of tropisetron and glibenclamide

markedly increased insulin level compared with the diabetic
group (Fig. 1b).

Tropisetron increased SIRT1 and decreased NF-xB
protein expressions in the pancreas of STZ-induced
diabetic rats

To gain insight into role of NF-kB and SIRT1, we studied
the effects of tropisetron on the NF-kB-p65-1 and SIRT1
proteins expression in the STZ-induced animals. Two-way
ANOVA showed the decrement effect of protein expression
of NF-kB-p65-1 (F 1(=25.97; p<0.001). Post hoc com-
parison revealed that 2 weeks’ treatment with tropisetron
and glibenclamide markedly decreased NF-kB-p65-1 protein
expression compared with the diabetes group (Fig. 2a). We
also found the marked effect of SIRT1 protein expression in
STZ-induced mice (F ;,=53.31; p<0.001). More analysis
showed that administration of tropisetron and glibenclamide
strikingly upregulated protein expression of SIRT1 com-
pared with the diabetic group compared with the control
animals (Fig. 2b).

Tropisetron increased Bax/Bcl2 ratio gene
expression in the pancreas of STZ-induced diabetic
rats

As shown in Fig. 3, two-way ANOVA analysis demonstrated
the significant decrease of gene expression of Bax/Bcl2 in
the diabetic rats (F ;o=141.32; p <0.001). Post hoc com-
parison showed that in the Tropisetron-DM and Glibencla-
mide-DM groups, expression of Bax/Bcl2 markedly lowered
compared with the STZ-diabetic group.

Tropisetron attenuated apoptotic cells
in the pancreas of STZ-induced diabetic rats

Obtained results of two-way ANOVA analysis revealed the
significant effect of apoptotic cells in the pancreas of STZ-
induced rats (F ;p=919.14; p <0.001). More analysis dis-
played that after tropisetron and glibenclamide treatment,
pancreas apoptotic cells markedly decreased compared with
the STZ-diabetic group (Fig. 4).

Discussion

The major findings of this study revealed that tropisetron,
an antagonist of SHT3 receptor, increased insulin plasma
level and decreased blood glucose in diabetic rats. Tropise-
tron treatment also led to a decrease in pancreatic apoptotic
cells, which was revealed via decreased Bax and increased
Bcl2 gene expressions. Therefore, ratio of Bax/Bcl2 was
decreased in the STZ-treated group compared to the diabetic
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Fig.1 a Blood glucose concentration in different experimental
groups. (Mean+SEM, N=7), *p<0.001 compared with the con-
trol group, *p<0.001 compared with the diabetes group (two-way
ANOVA followed by Tukey’s post hoc test). b Plasma levels of insu-

group. Further molecular analysis revealed that administra-
tion of tropisetron increased SIRT1 and decreased NF-kB
protein expressions.

Nowadays, tropisetron is used to treat the chemotherapy-
induced emesis; however, many pieces of evidence have
proposed new aspects for immune-modulatory and anti-
inflammatory effects of tropisetron on diabetes, fatty liver,
brain damage and so on [20,21].

Streptozotocin (STZ) is usually utilized for diabe-
tes induction in the animal models; it is associated with
pancreas tissue destruction, insulin deficiency and blood
glucose enhancement. Our results showed that tropisetron
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lin in different experimental groups. (Mean +SEM, N=7), *p <0.001
compared with the control group, *p <0.001 compared with the dia-
betes group (two-way ANOVA followed by Tukey’s post hoc test)

could increase insulin levels and decrease blood sugar
among diabetic rats. Many reports are compatible with
these data and confirm the positive effects of tropisetron
on the blood glucose decrement and insulin increment in
diabetic situations [19,28].

It is well known that p-cell apoptosis is the major and
important reason for insulin loss and T1DM induction.
Indeed, activation of helper T-cells and release of inflam-
matory cytokines and chemokines from the pancreas tissue
launch apoptosis cascade, destroy pancreas tissue and lead
to insulin loss [29].
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Fig.2 a Protein expression of NF-kB-p65-1 in different experimen-
tal groups. (Mean+SEM, N=7), *p<0.001 compared with the con-
trol group, #p<0.001 compared with the diabetes group (two-way
ANOVA followed by Tukey’s post hoc test). b Protein expression

of SIRT1in different experimental groups. (Mean+SEM, N=7),
#p<0.001 compared with the control group, *p<0.001 compared
with the diabetes group (two-way ANOVA followed by Tukey’s post
hoc test)
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For this purpose, in the present study, the gene expression
of Bax and Bcl2 was evaluated. The data revealed that the
2-week treatment with tropisetron led to a decrease in Bax
and an increase in Bcl2 protein expressions, thereby decreas-
ing the Bax/Bcl2 ratio in the diabetic pancreas. However, the
number of apoptotic cells by TUNEL assay also concomi-
tantly increased.

Several documents have shown attenuating effects of
tropisetron on the apoptosis in the liver and brain injuries
[20,25,30]. Bax, as a proapoptotic factor, and Bcl2, as an
antiapoptotic agent, have important roles in the apoptosis
process in the TIDM [31]. Exposure to chronic high glu-
cose disturbs pro- and anti-apoptotic balance in the p-cells,
leading to apoptosis [32,33]. Federici et al. demonstrated
that high glucose medium exposed human islets could lead
to the down-regulation of Bcl2 and up-regulation of Bax
[32]. Activation of pro-apoptotic protein Bax triggers the
release of cytochrome ¢ from mitochondria and contributes
to apoptosis. An increased ratio of Bax/Bcl2 may activate
caspase-3 as a pivotal mediator of apoptosis and, thus, play
an important role in programmed cell death or apoptosis
process [22,23].

Activation of NF-kB as a transcriptional regulator has a
critical role in promoting p-cell apoptosis in TIDM [34].
Several studies have reported that phospho-NF-kB p65 pro-
tein elevation has been detected in the diabetic pancreas
tissue, contributing to the increased expression of inflam-
matory cytokines, COX-2 and iNOS [6,8,20], which in turn
activates signaling pathways linked to the apoptosis process
[35]. Both hyperglycemia and increased level of IL1f as
an inflammatory cytokine activate NF-kB and start apop-
tosis process via different intermediates [35]. Accordingly,
chronic treatment of pancreatic 3 cells with IL-1f results in
iNOS production and, then, affects electron transfer. Thus,
they decrease ATP synthesis in mitochondria and increase
the expression of proinflammatory genes as well as ER
stress, which are known as the main mechanisms causing
beta cell dysfunction and apoptosis [36]. These processes
can promote the activation of downstream effector caspases,
which plays a potential role in this cascade [37]. Moreover,
Bcl2 expression is downregulated following NF-kB activa-
tion via the involvement of 4-Hydroxynonenal (HNE) [38].

Interestingly, in the present study, tropisetron adminis-
tration lowered increased protein expression of NF-kB in
the diabetic rats compared to the control group. Similarly,
Rahimian et al. showed that tropisetron decreased NF-xB
and caspase 3 expressions in a rat model of Alzheimer’s dis-
ease [20]. Moreover, it was reported that tropisetron down-
regulated NF-kB expression and inhibited human T-cell
activation in in vitro [32].

NF-kB activation is an important modulator that
impacts both the DNA binding ability and transcrip-
tional activity of the protein [22,23]. Recently, it has been

suggested that there is an interaction between NF-kB and
SIRT1 in diabetes. SIRT1 is the NAD-dependent deacety-
lase, which controls many cellular processes, including
insulin secretion, oxidative stress and inflammation in the
pancreas tissue [39].

In turn, SIRT1 deacetylates NF-xB, leading to increased
IkPa association or lack of transactivation potential of
the protein and reduction in NF-kB transcription activity,
thereby reducing production of proinflammatory cytokines
and anti-apoptotic molecules [22,23,32].

It has been indicated that increased insulin secretion
is due to blocking the apoptosis process, thus promoting
pancreatic beta-cell survival in SIRT1 overexpression sta-
tus [34]. Prud’homme et al. reported anti-apoptotic effects
of SIRT1 in the pancreatic islet cells [13]. Another study
showed that activation of SIRT1 attenuated high glucose-
induced neuronal apoptosis via deacetylating p53 [40]. Lee
et al. exhibited that SIRT1 exerted a cytoprotective effect
on pancreatic beta cells through inhibiting NF-xB, thereby
increasing insulin synthesis and mitigating insulin resist-
ance [41]. It has been found that SIRT1 suppresses Bax
expression through P53 down-regulation and mitochondria-
dependent apoptosis in MC3T3-E1 cells [42].

In the present study, a significant increase was found
in SIRT1 protein expression after tropisetron treatment in
the pancreas of diabetic animals. In line with these results,
Artesunate could improve pancreatic beta cells apoptosis
via inhibiting IL1p and NF-xB by the SIRT1 activation
[43]. More importantly, tropisetron attenuated d-galactose-
induced brain aging via SIRT1 signaling activation [30].

Since the activation of NF-kB has been attributed to the
apoptosis of P cells, SIRT1 activation may declare an impor-
tant supporting signaling against inflammatory reactions. To
the knowledge of the present authors, this is the first study,
which could provide evidence for the protective effect of
tropisetron against pancreatic apoptosis in part via the up-
regulation of SIRT1 and down-regulation of NF-kB protein
expressions. The effect of tropisetron in our study was simi-
lar to that of glibenclamide.

Conclusion

This study, for the first time, demonstrated that treatment
with tropisetron could improve STZ-induced pancreatic
apoptosis in the animals through increase of SIRT1 expres-
sion and, thus, decrease of NF-kB expression, Bax/Bcl2
ratio decrement and, finally, apoptosis attenuation. There-
fore, tropisetron could be considered as a potential candi-
date for Langerhans islands restoring and diabetes treatment.
Future studies can help confirm this hypothesis.
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