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Abstract This study aimed to investigate the effects of the 5-HT7 receptor agonist
(LP44) and antagonist (SB269970) on LPS-induced in vivo tissue damage and cell
culture by molecular methods. This study was conducted in two steps. For in vivo
studies, 24 female rats were divided into four groups. Group I: healthy; II (2nd h):
LPS 5 mg/kg administered intraperitoneally (i.p.); I (4th h): LPS 5 mg/kg
administered i.p.; IV (8th h): LPS 5 mg/kg administered i.p. For in vitro studies, we
used the A549 cell line. Groups: I control (healthy) (2—4 h); I LPS: 1 pg/ml E. Coli
055:B5 strain (2-4 h); III agonist (LP44) 107° M (2-4 h); IV antagonist
(SB269970) 10~° M (2—4 h); V LPS+agonist 10~° M (LP44 1 pg/ml) (2—4 h); VI
LPS+antagonist 102 M (2—4 h). In molecular analyses, we determined increased
TNF-a, IL-1B, NF-kB, and 5-HT7 mRNA expressions in rat lung tissues and
increased TNF-a, iNOS, and 5-HT7 mRNA expressions in the A549 cell line. In
in vitro parameters, LP44 agonist administration-related decrease was observed.
Our study showed that lung 5-HT7 receptor expression is increased in LPS-induced
endotoxemia. All this data suggest that 5-HT7 receptor overexpression is an
important protective mechanism during LPS-induced sepsis-related cell damage.
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Introduction

Sepsis is a complicated medical condition. It is an inflammatory response of the
body, which also involves the development of multiple organ failure (Ruggieri et al.
2010). All around the world, 20-30 million people have sepsis every year and nearly
6 million of which are newborns and children, also 24,000 people die from sepsis
every day (Reinhart et al. 2013). The inflammatory response which appears as a
response to sepsis struggles to be regulated and balanced by mediators and
cytokines.

Serotonin is released from the thrombocytes upon inflammation in cases such as
endotoxemia, ischemia, and thrombosis (Mossner and Lesch 1998; Benedict et al.
1986). The serotonergic system which is engaged in sepsis plays a role in all
inflammatory responses by several receptors. Considering their molecular pharma-
cological structures and stimulus transmission properties, there are 14 different
5-HT receptors, and they are divided into seven fundamental groups (5-HTI,
5-HT2, 5-HT3, 5-HT4, 5-HTS5, 5-HT6, and 5-HT7). Some of these serotonergic
receptors are involved in inflammatory and septic conditions. For example, in an
endotoxic shock model, sarpogrelate, a 5-HT2A receptor antagonist, whose
application reduced proinflammatory cytokines, enabled anti-inflammatory cytoki-
nes, protected hemodynamic disorders, and reduced lung inflammation and
mortality (Nishiyama 2009). In another study, it was shown that the 5-HT2
receptor blocker cinanserin significantly reduced the shock edema in a burn
(Hernekamp et al. 2013). On the other hand, in another study, 5-HT3 receptor
antagonist granisetron, prevented inflammation and angiogenesis, which is
increased in the inflammatory granulation tissue (Maleki-Dizaji et al. 2010).

The relationship between serotonin and receptors and sepsis and endotoxemia in
the whole body has also been studied (Nishiyama 2009; Demling et al. 1985).
However, the relationship between the 5-HT7 receptors which are dominant in the
central system and newly discovered in the peripheral system could not be fully
clarified yet. Being a biological monoamine, serotonin (5-HT) plays a role in many
biological and pathological conditions (Yang et al. 2006). 5-HT7 is the last
discovered serotonin receptor. This receptor is observed in the cardiovascular
system, particularly in the coronary arteries (Nilsson et al. 1999), several regions in
the brain (Leopoldo et al. 2011), the pulmonary arteries, and the aorta (Ullmer et al.
1995). There are four different 5-HT7 receptor isoforms: 5-HT7a, 5-HT7, 5-HT"7c,
5-HT7d (Dean et al. 2006). Previously Albayrak et al. studied the effects of
indomethacin and of 5-HT7 receptor agonist (AS-19) and antagonist (SB269970) in
carrageenan-induced paw edema in rats. They observed that there may be anti-
inflammatory and antioxidant effects of 5-HT7 receptor agonist and drew attention
to the effects of 5-HT7 receptors in inflammation (Albayrak et al. 2013). The effects
of 5-HT7 receptor agonist (AS-19) and antagonist (SB269970) on cecal ligation and
puncture (CLP)-induced sepsis were studied, and it was found that AS-19 could
reduce sepsis-related abnormal inflammatory response (Cadirci et al. 2013).
However, the cell damage mechanism could not be shown in that study. It is
quite important to show which cells have which effects in showing cell damage and
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its mechanism. More detailed studies are needed to show by which cells 5-HT7 is
expressed in the lung tissue and to show the cell damage mechanism.

In this study, we aimed to create both in vitro and in vivo sepsis models with
LPS, unlike the CLP model, and aimed to look at the effects of 5-HT7 agonist and
antagonist on acute lung damage. Unlike the CLP model, there are two important
reasons for conducting our study with LPS. Firstly, we need to work on in vitro cell
culture to show in which cells sepsis-induced increased 5-HT7 expression develops
and the cellular damage mechanism of this increase. In the cell culture, studies can
only be done with LPS. Secondly, standardization is quite difficult in CLP-induced
sepsis model. Since the same dose of LPS was used in each animal group, the
groups and sepsis model were standardized in our study.

Based on all this information, the purpose of our study was to show the potential
protective effects of 5-HT7 receptors on LPS-induced lung cell damage through
in vivo and in vitro methods.

Materials and Methods
Animals

In our study, a total of 24 Sprague-Dawley female rats were used, with weights
ranging between 180 and 200 g. Rats were provided from the experimental animal
laboratory at the Atatiirk University Experimental Research and Application Centre
(ATADEM). During the experiment, the rats were given sufficient amounts of
(ad libitum) water and pellet feed. Before the experiment, the animals were
sheltered and fed in groups at normal room temperature (22 °C), with 65-70 %
moisture, and with light control 12 h light, 12 h dark in the animal laboratory.

Chemicals and Reagents

Xylazine (Xylasinbio, Intermed Ecza Deposu Ltd.Sti., Ankara, Turkey) was
administered at 10 mg/kg intraperitoneal (i.p.) dose for sedation. Ketamine (Ketalar,
Pfizer, 50 mg/ml flacon, Istanbul, Turkey) was administered at 90 mg/kg i.p. dose
for anesthesia. LPS (dissolved in 0.09 % NaCl) was administered at 5 mg/kg i.p.
dose. SB269970, 5-HT7 receptor antagonist, was dissolved in dimethyl sulfoxide
(DMSO)+dulbecco’s modified eagle’s medium (DMEM). LP44, 5-HT7 receptor
agonist, was dissolved in DMEM. Alveolar epithelial A549 cells were provided by
the Department of Genetics and Bioengineering, Yeditepe University (Istanbul,
Turkey). LPS (LPS, E. coli serotype 055:B5), LP44, and SB269970 were purchased
from Sigma—Aldrich (St. Louis, MO, USA).

Experimental Design

In our study, one healthy group and three experimental groups were created. In each
group, a total of 24 female rats were used. Before starting the experiment, all
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animals were weighed and taken to the experiment protocols which are specified in
the following groups.

Group I: healthy (6 rats) 2 ml 0.09 % NaCl (i.p.)

Group II: LPS was administered at (6 rats) 5 mg/kg doses (i.p.). E. Coli O55:B5
strain. (Sacrificed in the 2nd h after LPS administration).

Group III: LPS was administered at (6 rats) 5 mg/kg doses (i.p.). (Sacrificed in
the 4th h after LPS administration).

Group IV: LPS was administered at (6 rats) 5 mg/kg doses (i.p.). (Sacrificed in
the 8th h after LPS administration).

E. Coli 055:B5 strains were used as lipopolysaccharide (LPS). LPS was
dissolved in 2 ml 0.09 % NacCl. In the groups which were given LPS, a high-dose
anesthetic was applied and the animals were euthanized in the 2nd, 4th, and 8th h.
Lung tissues were collected for molecular analyses.

Cell Culture

A549 cells were grown in a 75 cm? culture flask using DMEM medium with 10 %
FBS, 100 U/ml penicillin, 100 pg/ml streptomycin, and 2 mM L-glutamine. Cells
were cultured in a humidified atmosphere at 37 °C by passing 5 % CO,. A flask
containing 70-80 % confluent cells was subcultured in a 96-well plate (10,000 cells/
well) and in a 6-well plate (1,000,000 cells/well) for the treatment. To reduce the
effect of serum-derived factors, the medium was replaced by a serum-free culture
medium. LPS and SB269970 were dissolved in a cell culture medium. LP44 was
dissolved in DMSO and all cells were exposed to a 0.1 % final DMSO
concentration.

Cell Viability Assay

The assay was performed by seeding A549 in 96-well plates. After placing them to
the plates, the cells were treated with LPS (1, 10, 50, and 100 pg/ml) or various
concentrations of LP44 and SB269970 (10~ '°~107°M), respectively for 24 h. In
order to examine the effects of LP44 and SB269970 on LPS-induced cell damage,
the cells were treated with LP44 and SB269970 (10~'°-107® M) for 60 min and
then were exposed to LPS (10 pg/ml) for 24 h. Following incubation, a 20 pl
methylthiazol tetrazolium (MTT) solution (5 mg/ml) was added to each well and the
cells were incubated for 4 h at 37 °C. Then, DMSO was added to dissolve the blue
formazan product, and cell viability was determined by measuring the absorbance at
a wavelength of 550 nm (Epoch Microplate Spectrophotometer, BioTek, USA).

Real-Time PCR

Relative tumor necrosis factor-o. (TNF-a), inducible nitric oxide synthase (iNOS),
and 5-HT7 receptor mRNA expression analyses were performed with the StepOne
Plus real-time polymerase chain reaction (PCR) system (Applied Biosystem) using
cDNA synthesized from A549 and rat lung tissue RNAs. Real-time PCR was
performed using primers generated for: human TNF-o forward: 5'-

@ Springer



38 Biochem Genet (2017) 55:34-47

AGGTTCTCTTCCTCTCACATAC-3"; reverse: 5'-ATCATGCTTTCAGTGCT
CATG-3"; rat TNF-a forward: 5'-GCTCCCTCTCATCAGTTCCA-3'; reverse:
5'-CTCCTCTGCTTGGTGGTTTG-3'; human 5-HT7 receptor forward: 5'-TTCT
CTCCGTCTGGCTTCTC-3'; reverse: 5-GCACACCTTATCATCATTTACAT
TCT-3’; rat 5-HT7 receptor forward: 5'-AGACTGCTCAAACACGAAAGG-3;
reverse: 5'- AAGGCTCCCACGATGATCC-3'; rat IL-1P forward: 5'-AGTGCTGA
CAATCTGTATGTACC-3'; reverse: 5'- ACTAGGCTTTGCTCTTCTCTTAC-3;
rat NFkB forward: 5'-ATCATCAACATGAGAAACGATCTGTA’; reverse: 5'-CA
GCGGTCCAGAAGACTCAG-3’; human iNOS forward: GAAGCGGAGACC
CAAGAGA; reverse: TCGCAAAGAGGATGGTGACT; human B-actin forward:
5'-GCAAGCAGGAGTATGACG AGT-3’; reverse: 5-CAAGAAAGGGTGTAA
CGCAACTAA-3'; and rat B-actin forward: 5-TGGTGGGTATGGGTCAGAAG-3/;
reverse: 5'-GACAATGCCGTGTTCAATGG-3' (Primer Design Ltd, Southampton,
UK). The results were expressed as relative fold and compared with the control
groups. Expression data of B-actin in each cell group were used as an endogenous
control. For each cell group, triplicate determinations were performed for both
targets in a 96-well optical plate using 9 pl of cDNA (100 ng), 1 pl of Primer
Perfect Probe mix, and 10 pl of QuantiTect Probe PCR master mix (Qiagen) in each
20 pl reaction. The plates were heated for 2 min at 50 °C, 10 min at 95 °C, and a
subsequent 40 cycles of 15 s at 94 °C and 60 s at 60 °C. All data were expressed as
fold changes in expression compared with the cell groups using the 2~ method
(Livak and Schmittgen 2001).

Statistical Analysis

All data were subjected to one-way analysis of variance using the IBM SPSS
Statistics 20.0 software program (SPSS Inc., Chicago, Illinois, USA). Differences
among the groups were determined using the Tukey test and were considered
significant when the p value was less than 0.05 in a 95 % confidence interval. All
results were given as mean4-standard deviation (SD).

Results
Studies of Gene Expression of In Vivo Study of Sepsis

In the LPS-induced endotoxemia model, mRNA expressions of the interleukin-1 (IL-
1B), TNF-a, and nuclear factor kappa B (NF-kB) cytokines in the 2nd, 4th, and 8th h
following LPS application were measured in the rats (Fig. 1a—c). When we look at the
mRNA expressions of the inflammatory cytokines in the rats’ lung tissues, and
compare the rat groups in which endotoxemia was created with LPS and the healthy
group, a significant increase was seen for each 2nd, 4th, and 8th h measured. While the
highest mRNA expressions were observed in the 4th h for TNF-a, the highest value
was measured in the 2nd h for IL-1f and NF-xB (Fig. la—c).
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Fig. 1 a—d LPS-induced expression of IL-1 (a), TNF-o (b), NF-«B (¢), 5-HT7(d) receptor mRNAs at 2nd
h, 4th, and 8th h in rats. Gene expression was detected by quantitative real-time PCR analysis. Results
were normalized to B-actin (housekeeping gene control). The relative expression levels were calculated
by the 272ACT method and were indicated as ‘fold change’ compared with control groups. Differences
statistically significant; *p < 0.05, **p < 0.01, ***p < 0.001 when compared with healthy group
according to one-way ANOVA-Tukey test

The mRNA expressions of the 5-HT7 receptors in the lung tissues of rats with
LPS-induced endotoxemia were significantly increased when compared to that of
healthy rat groups at all hours (Fig. 1d).

Viability of A549 Cells

To study the cytotoxic effect of LPS, the A549 cells were treated with or without
different concentrations of 5-HT7 receptor agonist LP44 and SB269970 (10~ '°-
107° M) for 24 h, and cell viability was determined by MTT assay. A549 cells
treated with LPS at 1 pg/ml concentrations were found to have no effect on cell
viability, while a significant decrease in cell viability was observed from 10 pg/ml
onward (Fig. 2a). The cytotoxic effects of LP44 and SB269970 were determined up
to 1077 M (Fig. 2b, c). A cytotoxic concentration of LPS (10 pg/ml) and non-
cytotoxic concentrations of LP44 and SB269970 from 10~'° to 10~ M were used in
the subsequent experiments. The cells were incubated with varying LP44 and
SB26990 concentrations for 60 min before 10 pg/ml LPS in a serum-free medium.
As presented in (Fig. 2d, e), for this experiment, the A549 cells were treated with
10 pg/ml LPS in the presence or absence of LP44 at a concentration of 10~'°-107®
M. LP44 up to 10~® M concentration significantly increased cell growth in the
presence of 10 pg/ml LPS (p < 0.001). However, SB269970 had no effect on cell
viability in the presence of LPS (Fig. 2e). The results suggested that 5-HT7 receptor
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Fig. 2 a-e Effect of different
concentrations of LPS, LP44,
and SB269970 on the viability
of A549 cells. A549 cells were
treated with or without different
concentrations of LPS

(1-100 pg/ml), LP44, and
SB269970 (107%-1071° M) or
in a 96-well plate for 24 h, and
the cell viability was measured
by MTT assay. Results were
expressed as % viability of cells
compared to control

(mean £ SD). Differences
statistically significant,

*p < 0.05, **p < 0.01,

##%p < 0.001 when compared
with control and #p < 0.05,

#h < 0.01, ™ p < 0.001
compared with LPS group
according to one-way ANOVA—
Tukey test
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agonist LP44 possesses the ability to attenuate the cell injury induced by LPS, and
this shows that the protective effects of LP44 increased in a dose-dependent manner.

Studies of Gene Expression In Vitro Studies

The mRNA expression levels of TNF-a, iNOS, and 5-HT7 receptor for treated and
untreated A549 cells were analyzed. As shown in (Fig. 3a, b), TNF-a expression
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Fig. 3 a-f Effect of LP44 and SB269970 on LPS-induced expression of TNF-a (a, b), iNOS (¢, d), and
5-HT7 (e, f) mRNAs at 2nd h and 4th h in A549 cells. A549 cells were treated with or without LPS or
LPS with LP44 (10~° M) and SB269970 (10~® M) or alone for 2nd and 4th h in six-well plate. The
cDNA was prepared from total RNA and subjected to real-time PCR using specific TagMan probes of
TNF-a, iNOS, and 5-HT7 receptor. Expressions were normalized with the housekeeping gene B-actin.
Data shown are mean £ SD. Differences statistically significant, *p < 0.05, **p < 0.01, ***p < 0.001
when compared with control and *p < 0.05, #p < 0.01, *p < 0.001 compared with LPS group
according to one-way ANOVA-Tukey test
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levels increased significantly in LPS-exposed groups 386-fold (2nd h) and 1797-fold
(4th h) compared to that in the control groups (p < 0.001). The increase in the TNF-
o mRNA expression decreased to 21- and 177-fold in the LP44+LPS group when
compared to the control group. This reduction in LP44+LPS groups was
statistically significant compared to the LPS groups (p < 0.001). There was no
significant difference between the LPS and LPS+SB269970 groups (351-fold for
2nd h and 1546-fold for 4th h). The LP44 and SB269970 groups by themselves had
no effect on TNF-oo mRNA expression levels, either at the 2nd h or the 4th h
(Fig. 3a, b).

iNOS expression levels increased significantly in LPS-exposed groups 2-fold
(2nd h) and 9-fold (4th h) compared to that in the control groups (p < 0.001). The
increase in the iNOS mRNA expression decreased to 1- and 4-fold in the
LP44+LPS group when compared to the control group. This reduction in
LP44+4LPS groups was statistically significant compared to the LPS groups
(p < 0.001). There was no significant difference between the LPS and
LPS+SB269970 groups (2-fold for 2nd h and 10-fold for 4th h). The LP44 and
SB269970 groups by themselves had no effect on iNOS mRNA expression levels,
either at the 2nd h or the 4th h (Fig. 3c, d).

Additionally, the 5-HT7 receptor mRNA gene expression (Fig. 3e, f) signifi-
cantly increased in LPS groups at 2nd h and 4th h (6- and 27-fold, respectively),
while administration of LP44 to LPS groups decreased those levels significantly at
2nd h. At 4th h, LP44-treated LPS groups showed that 5-HT7 receptor expression
increased significantly to 73-fold compared to the control groups (p < 0.001).
SB269970-treated LPS groups showed that 5-HT7 receptor expression increased by
9- and 108-fold at both times as compared to the control groups (<0.001). LP44 and
SB269970 by themselves had no effect on the expression levels of 5-HT7 receptor
at 2nd h, while LP44 and SB269970 significantly increased expressions at 4th h 48-
and 31-fold compared to the control groups.

Discussion

Despite the studies done, sepsis still plays a considerable role in death today. It is a
clinical entity with ongoing high mortality in pediatric and adult intensive care
units. Therefore, new medications in many sepsis-related models and the new
pathways which can shed light on the sepsis mechanism are still being studied. We
have examined the effect of 5-HT7 receptors on the etiopathogenesis of the sepsis
and obtained very important results before. However, our previous studies only
focused on a single model, i.e., the in vivo CLP model. The CLP sepsis model is a
model which is quite close to the sepsis model created in the clinic and constitutes a
long term and slowly increasing cytokine response (Dejager et al. 2011; Buras et al.
2005; Schabbauer 2012). However, there is another sepsis model, which is LPS
induced, instead of CLP induced in experimental animals. The most important
aspect of this model is that it progresses with a very rapid and excessively
strengthening cytokine storm (Dejager et al. 2011; Buras et al. 2005). We encounter
LPS as the only model in in vitro cell culture studies which are done to examine the
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effects of sepsis at the cellular level (Kang et al. 2015). In this study, unlike CLP,
both in vitro and in vivo sepsis models were induced with LPS. The effects of
5-HT7 agonist and antagonist were studied. In the sepsis model which was induced,
in vivo (rat lung tissue) and in vitro (A549 cell line) 5-HT7 receptor existence was
examined. Moreover, in vivo tissue cytokine levels (TNF-o, IL-13, NF-xB), and
in vitro TNF-a, iNOS, and 5-HT7 levels were also examined.

In the LPS-induced sepsis mechanism process, ligand activation occurs upon
connecting TLR4 to the ligand, and it stimulates the protein kinase families, which
are activated by mitogen and NF-kB by means of the intracellular part. With this
stimulation, the genes of the cytokine and proinflammatory products such as IL-1f3
and TNF-a are activated. This process is the natural immune response of the host
(Tosi 2005; Tizard 2004; Chen et al. 2005). TNF-o and IL-1p are macrophage-
derived proinflammatory cytokines that play an important role in the pathogenesis
of septic shock and multiple organ disorder (Damas et al. 1992). These
inflammatory mediators have a quite important role in the pathogenesis of sepsis-
induced acute lung damage (Bhatia and Moochhala 2004). NF-xB is a transcription
factor and is a dimeric transcription factor in relation to the regulation of genes in
pathological events such as inflammation and apoptosis (Baeuerle 1998; Waddick
and Uckun 1999). It enables the expressions of proinflammatory proteins (e.g.,:
iNOS, TNF-a) and the formation of the cellular response, growth, and immune
system (Shishodia and Aggarwal 2004). The enzymes which are stimulated and
released with NF-kB activation stimulate the defense of the host by cytokines and
mediators against microbes and induce inflammatory events. Once this process
starts, the pathogen can be eliminated. If inflammatory reaction cannot be limited, it
might lead to the destruction of the host cells (Ak¢a 2007).

In our study, it was observed that in the LPS-induced sepsis model, as we
expected, the proinflammatory cytokine levels increased in the rats. In the LPS
organism, NF-xB activation occurs depending on its activation with the LPS-LBP
complex combination. Depending on this activation, TNF-o and IL-1p inflamma-
tory cytokines are activated. The organism’s first reaction to the sepsis is an increase
in the TNF-a cytokine level. NF-kB and IL-1f reached the highest level in the 2nd h
after LPS administration. One of the most important characteristics of the LPS-
induced sepsis model is that the increase in the cytokine is too rapid and in an
excessive amount (Eskandari et al. 1992; Evans et al. 1989). As for TNF-a, on the
other hand, it was observed that the gene expression levels reached the highest level
in the 4th h in the PCR study which was done on the lung tissue. Another important
result of our in vivo study is the 5-HT7 lung expression levels which occur based on
the hours after the inducement of the sepsis. When we consider the results, 5-HT7
expression increased quite substantially based on time. This shows that 5-HT7
receptors play an important role in the LPS-induced sepsis model. These results are
similar to the CLP-induced sepsis model which was developed by us before (Cadirci
et al. 2013). However, in order to determine whether this 5-HT7 expression is in the
lung tissue or supportive tissues and how the potentially responsible cells will
respond to 5-HT7 agonists and antagonists, we examined the effects of 5-HT7 on
the agonist LP44 and antagonist SB269970 in sepsis in the sepsis model which is
created in vitro in the A549 cell line.
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The first response to bacterial infections is NO synthesis from the macrophages. NO
has a role in nonspecific immunity. NO contributes to immunity by having a fatal
cytotoxic effect on the bacteria, viruses, and tumor cells upon stimulation of the
macrophages by bacteria endotoxins, protozoa, viruses, parasite antigens, and the
stimulated macrophages producing iNOS. NO shows this cytotoxic effect through
inducing glycolysis of many pathogens (such as bacteria and parasites) and ATP-
producing tumor cells, oxidative phosphorylation, and inhibiting some Fe-containing
enzymes TCA cycle (Lepoivre et al. 1991, 1997; Aladag et al. 2000; Ozkan and Akgiil
2010; El Nehir and Karakaya 2004). While NO concentrations are found at
100-500 nm levels under normal physiological conditions, NO concentrations
increase nearly ten times as a result of the stimulation of iNOS by factors such as
TNF-a, IL-1, interferon, and endotoxin (Kuyumecu et al. 2004; Kiirk¢ii 2008; Istanbul
2004). Although the NO which is produced in high amounts by iNOS is shown to be
damaging and toxic, the NO which is produced in structurally low levels by eNOS is
necessary for protecting endothelium function (Albrecht et al. 2003). In the LPS-
induced in vitro endotoxemia model 5-HT7 receptor agonist LP44 reduced the LPS-
induced iNOS amount at the 2nd h. LPS and SB269970 antagonists, on the other hand,
were observed to increase the LPS-increased iNOS amount more.

It was shown that the TNF-oo mRNA expression increased in the A549 cell line
group which was given LPS, and it was shown that this increase was recovered by
the administration of 5-HT7 receptor agonist. There was no extra change in the
TNF-oo mRNA expression in antagonist group. These results have suggested us that
the increased 5-HT7 expression in the sepsis could play a protective role. In
conditions which can lead to cellular damage such as LPS administration, cells
might be trying to overcome this damage by increasing 5-HT7 expression. There are
limited studies about the relationship between 5-HT7 receptors and the immune
system. These receptors were found in the T-cells in the peripheral system and were
shown to be quite important in the activation and regular functioning of these cells
(Leon-Ponte et al. 2007). We have also examined their effects on sepsis and
inflammation in our previous studies (Albayrak et al. 2013; Cadirci et al. 2013). The
serotonin source in lung tissue is intravascular thrombocytes, and it has been shown
in recent studies that they are also secreted from the neuroendocrine and
neuroepithelial bodies which are found in the airway epithelium (Cazzola and
Matera 2000; Livermore et al. 2015). In their study in 2010, Segura et al. showed
that asthma physiopathology also involved 5-HT7 receptors (Segura et al. 2010).
Moreover, another study showed that the expression of some serotonin receptors
increased in the lung tissue in smokers (Dupont et al. 2014). As supporting evidence
for all these studies, 5-HT7 agonist application prevented cell damage and increased
cell vitality in the LPS-induced cell damage in the cell culture.

Conclusion
As a result, the increase in 5-HT7 expression in LPS-induced sepsis is considered an

important protective mechanism in our study. The agonist application’s prevention
of this damage is one of the most important pieces of evidence of this result. At the
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same time, it was found in our study that 5-HT7 expression and defense mechanism
did not result from the supportive cells in the lung or the immune cells, but directly
from the lung cells.
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