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ARTICLE INFO ABSTRACT

Edited by: Dr. Martin Grosell The ecto-5'-nucleotidase is an important source of adenosine in the extracellular medium. Adenosine modulation

appears early in evolution and performs several biological functions, including a role as an anti-inflammatory

Keywords: molecule. Here, we evaluate the activity and mRNA expression of ecto-5'-nucleotidase in response to lipopoly-
Adenosine saccharide (LPS) using zebrafish as a model. Adult zebrafish were injected with LPS (10 pg/g). White blood cell
Er?gostoxin differential counts, inflammatory markers, and ecto-5'-nucleotidase activity and expression in the encephalon,

. . kidney, heart, and intestine were evaluated at 2, 12, and 24 h post-injection (hpi). At 2 hpi of LPS, an increase in
Lipopolysaccharide

neutrophils and monocytes in peripheral blood was observed, which was accompanied by increased tnf-a
expression in the heart, kidney, and encephalon, and increased cox-2 expression in the intestine and kidney. At
12 hpi, monocytes remained elevated in the peripheral blood, while tnf-a expression was also increased in the
intestine. At 24 hpi, the white blood cell differential count no longer differed from that of the control, whereas
tnf-a expression remained elevated in the encephalon but reduced in the kidney compared with the controls.
AMP hydrolysis in LPS-treated animals was increased in the heart at 24 hpi [72 %; p = 0.029] without affecting
ecto-5'-nucleotidase gene expression. These data indicate that, in most tissues studied, inflammation does not
affect ecto-5'-nucleotidase activity, whereas in the heart, a delayed increase in ecto-5'-nucleotidase activity could
be related to tissue repair.

Purinergic system

1. Introduction

Lipopolysaccharide (LPS) is an amphiphilic molecule from mem-
branes of gram-negative bacteria composed of a unique moiety of lipid A
that acts as the main factor to produce LPS toxicity and the large poly-
saccharide chain responsible for adaptive immunity (Kotani and Takada,
1990; Hoshino et al., 1999; Tuin et al., 2006; Lu et al., 2008; Kabanov
and Prokhorenko, 2010). As an endotoxin, LPS activates the production
of several inflammatory mediators such as interleukins and tumor ne-
crosis factor-a (TNF-a) through an evolutionary-conserved mechanism
on toll-like receptor 4 (TLR4) (Lu et al., 2008).

The zebrafish has become an excellent model for studying pathways
involved in the physiopathology of inflammatory diseases and an
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important platform for seeking new therapies to treat these conditions
(Morales Fénero et al., 2016; Belo et al., 2021). Fish present sophisti-
cated lines of defense against invading pathogens and parasites, such as
mechanical and antimicrobial barriers provided by the mucus mem-
brane layer of the gills, skin, and intestines, as well as by innate immune
cells, such as macrophages and neutrophils (Jovanovic and Pali¢, 2012).
Despite the differences and uncertainties surrounding the zebrafish's
mechanism of action and tolerance to LPS, this fish exhibits one or more
orthologs of toll-like receptors (TLRs), interleukin receptors, and asso-
ciated adaptor proteins containing toll-interleukin receptor domains
(TIR), which share a common ancestor with their human counterparts
(Jault et al., 2004; Meijer et al., 2004; Novoa et al., 2009; Yang et al.,
2014). LPS toxicity in zebrafish leads to an increase in il-14, tnf-a, cox-2,
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inos, and il-6 expression levels, resulting in the tissue injury and death of
the animals (Ruyra et al., 2014; Yang et al., 2014; Jakhar et al., 2018).

The purinergic system appears early in evolution and is operated by
ATP- and adenosine-related molecules, nucleotide- and nucleoside-
metabolizing enzymes, specific receptors, and membrane transporters
(Verkhratsky and Burnstock, 2014). The nucleoside adenosine performs
several biological functions, including an anti-inflammatory role (Di
Virgilio and Vuerich, 2015). Adenosine is involved in cell-cell in-
teractions, secretion of cytokines and chemokines, removal of intracel-
lular pathogens, generation of reactive oxygen species (ROS), and
chemotaxis to promote tissue protection and repair (Hasko et al., 2008;
Junger, 2011; Ramakers et al., 2012). While the nucleotide ATP acts as
an indicator of cellular damage by acting on specific receptors called P2
purinoreceptors, its hydrolysis in the extracellular medium generates
adenosine (Burnstock, 1976; Zimmermann and Braun, 1999). Data from
studies with humans and rodents indicate that adenosine levels increase
dramatically in the extracellular space during the inflammatory state
(Fredholm, 2007; Ramakers et al., 2012; Antonioli et al., 2014). Aden-
osine levels in the extracellular space are controlled by equilibrative
nucleoside transporters (ENT1 and ENT2), concentrative nucleoside
transporters (CNTs), adenosine transport coupled to Na* gradient for-
mation, and the activity of ecto-5'-nucleotidase and adenosine deami-
nase (Yegutkin, 2014). The increased level of adenosine allows it to act
as an innate immunomodulatory molecule, mainly through its specific
receptors, Apa and Agp. According to research, the anti-inflammatory
response of adenosine in mammals is primarily manifested by inhibit-
ing immune cell recruitment and changing cytokine production to pre-
vent a higher level of tissue damage and a persistent state of
inflammation (Hasko et al., 2008; Fujimoto et al., 2012; Antonioli et al.,
2013; Ouyang et al., 2013). There is a fine-tuning adjustment between
the proinflammatory mechanisms exerted by ATP, the anti-
inflammatory action exerted by adenosine, and the chemotactic
gradient caused by these adenine derivatives (Antonioli et al., 2014).
This gradient is under control of purinergic enzymes, transporters, and
receptors (Hasko et al., 2008; Ramakers et al., 2012).

A suitable animal model should be able to exhibit the face, the
construct, and the prediction validities of a specific condition to be
modeled. While zebrafish exhibit all the major components of a puri-
nergic system, which means enzymes such as ectonucleotidases (Senger
et al., 2004; Rosemberg et al., 2007; Rosemberg et al., 2010) and puri-
nergic receptors (Boehmler et al., 2009; Capiotti et al., 2011), there is a
paucity of literature using zebrafish to investigate the purinergic system
in an inflammatory context (Leite et al., 2013; Cruz et al., 2019). Studies
of zebrafish larvae have explored the effects of radiotherapy on the
purinergic system to identify an adjustment by reducing AMP hydrolysis
and in adenosine receptor Agp-type expression (Cruz et al., 2019). Also,
in a model of copper-induced inflammation, zebrafish larvae had
diminished AMP hydrolysis and deamination, showing the adjustment
in adenosine levels during the early stages of inflammation (Leite et al.,
2013).

Considering the contribution of zebrafish to the study of inflamma-
tory diseases (Zanandrea et al., 2020) and the participation of adenosine
in the tissue response to inflammation, this study aims to evaluate
whether the enzyme ecto-5'-nucleotidase is a key point for adjusting
adenosine levels during the induction of an inflammatory response by
LPS and its resolution using an adult zebrafish model, through evalu-
ating its activity and expression in a tissue-specific manner.

2. Methods
2.1. Chemicals

LPS (phenol extracted from Escherichia coli serotype O111:B4, pre-
mium quality), AMP, Tetramizole, Trizma base, EDTA, EGTA, sodium

citrate, Coomassie blue, bovine serum albumin, malachite green,
ammonium molybdate, polyvinyl alcohol, and magnesium chloride
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were purchased from Sigma Chemical Co. (St. Louis, MO, USA). All other
reagents used were of analytical grade.

2.2. Animals

All animals used were from the local breeding at Pontificia Uni-
versidade Catolica do Rio Grande do Sul, Porto Alegre, Rio Grande do
Sul, Brazil. Wild-type adult zebrafish (Danio rerio; 6-18 months;
Tiibingen background; 3-5 cm) of both sexes were used. Animals were
housed in groups of 20 (5 animals/L) in thermostatically controlled (28
+ 2 °C) tanks. The water used was of reverse-osmosis quality recon-
stituted with marine salt (Cristalsea, Marinemix) at 0.4 parts per thou-
sand and kept under constant chemical and mechanical filtration and
aeration (7.20 mg Oy-L 1) in a recirculating system. Fish were main-
tained under a 14/10 h day/night photoperiod cycle, fed three times a
day with commercial flakes (TetraMin, NC, USA), and supplemented
with live brine shrimp twice a day. Adult zebrafish were euthanized by a
stunning blow to the head followed by pithing of the cervical area for
enzyme activity assay and by overdose of anesthetic (0.5 g-L ™! tricaine
solution) for gene expression. The procedures were executed in
compliance with the ARRIVE guidelines. All protocols were approved by
the Institutional Animal Care Committee (14/00417-CEUA PUCRS) and
followed Brazilian legislation. The use and maintenance of zebrafish
complied with the “Guide for the Care and Use of Laboratory Animals”
published by the United States National Institutes of Health.

2.3. Inflammation model

To induce inflammation in zebrafish, we used a model established in
the literature (Goncalves et al., 2012). Before intraperitoneal injection of
LPS, the animals were anesthetized with 0.1 g-L ! tricaine solution (MS-
222, MERK, Darmstadt, Germany) until they lost posture (Menezes
et al., 2014). The fish were injected with 10 pL of an LPS solution in
saline (10 pg/g body weight) and placed in a tank (5 animals/L). A saline
injection (0.9 g‘L’l) was used in the control animals. The animals were
euthanized 2, 12, and 24 h post-injection (hpi), and their organs were
removed using microdissection tools under a stereomicroscope. During
the dissection, the organs were constantly rinsed with cold saline.

2.4. Hematologic parameters

Six to seven animals from each group (control and 2, 12, and 24 hpi
of LPS) were used to evaluate hematologic parameters. Animals were
anesthetized with tricaine solution (0.1 g-L’l), and their blood was
collected from the dorsal aorta. Immediately after collection, a small
drop of blood was taken for smear evaluation using May-Grunewald-
Giemsa staining (Costa et al., 2014). The fractions of differential cell
types (lymphocytes, monocytes, neutrophils, eosinophils, basophils, and
immature cells) were estimated under a 40x objective lens (Olympus®
CH30 model) by counting 100 cells per sample. Representative pictures
were captured by a Zeiss® Axiolmager M2 light microscope (Carl Zeiss,
Gottingen, Germany). Cell types were identified according to the liter-
ature (Menke et al., 2011).

2.5. Preparation of cellular fraction for ecto-5'-nucleotidase assay

Five to eight pools of 10 kidneys, 10 hearts, 2 intestines, and 5 brains
were collected from each of the saline-injected and LPS-treated experi-
mental groups. The whole organ samples were homogenized by tissue
type in 60 volumes (v/w) of chilled Tris-citrate buffer (50 mM Tris-
citrate, 2 mM EDTA, and 2 mM EGTA, pH 7.4 adjusted with citric
acid) for ecto-5'-nucleotidase assays (Rico et al., 2003; Senger et al.,
2004). Organ sample homogenates were centrifuged at 800 xg for 10
min, and the supernatant fraction was subsequently centrifuged for 25
min at 40,000 xg. The pellet of membrane preparations was frozen in
liquid nitrogen, thawed, and re-suspended in the same buffer as



L.R. Nazario et al.

described earlier. This freeze-thaw-wash procedure was used to ensure
the lysis of vesicle or organelle membranes. After the lysis procedure, the
membranes of organ samples from adult zebrafish underwent an addi-
tional centrifugation at 40,000 xg for 20 min. The final pellet was re-
suspended and used for biochemical analyses. All cellular fractions
were maintained at 2-4 °C throughout preparation and used immedi-
ately for enzyme assays. Protein concentration was measured by the
Bradford assay with bovine serum albumin as a protein standard
(Bradford, 1976).

2.6. Determination of ecto-5'-nucleotidase activity

The optimum protein concentration and incubation time to evaluate
AMP hydrolysis from the kidney, heart, and intestine were determined
according to time and protein curves, while for the encephalon we fol-
lowed previously described data (Rico et al., 2003). To standardize the
optimal conditions for AMP hydrolysis by membrane-bound enzymes
from the kidney, heart, and intestine of adult zebrafish, we tested
different incubation times (Supplementary Fig. S1) and total protein
concentrations (Supplementary Fig. S2). In order to ensure optimal
conditions for AMP hydrolysis for each organ analyzed, we chose an
incubation time of 30 min for all organs, 3 pg of protein for the heart and
kidney, and 5 pg for the intestine, since these conditions are in the linear
phase of the reaction. The conditions described above were used in the
following experiments. Membranes from organs (1-7 ug protein) were
added to the reaction mixture containing 50 mM Tris-HCl (pH 7.2) and
5 mM MgCl; in a final volume of 200 pL. Samples were pre-incubated for
10 min at 37 °C before starting the reaction with the addition of sub-
strate (AMP) to a final concentration of 1 mM. The reaction was stopped
after 5, 10, 30, and 60 min, with the addition of 200 pL of trichloroacetic
acid at a final concentration of 5 %. The samples were chilled on ice for
10 min, and 1 mL of a colorimetric reagent composed of 2.3 % polyvinyl
alcohol, 5.7 % ammonium molybdate, and 0.08 % malachite green was
added in order to determine the inorganic phosphate released (Pi) (Chan
et al., 1986). The quantification of Pi released was determined spec-
trophotometrically at 630 nm, and the specific activity was expressed as
nmol of Pi-min~*-mg~?! of protein. To discount the non-enzymatic hy-
drolysis of AMP, controls were used where the biological preparation
denatured by trichloroacetic acid (denatured sample) was added. To
avoid the participation of alkaline phosphatase in the AMP hydrolysis
detected from the kidney, intestine, and heart, we tested the in vitro
effect of Tetramizole, an inhibitor of alkaline phosphatase. Tetramizole
(1 mM) was added to the medium during the pre-incubation (Rico et al.,
2003). The use of Tetramizole did not affect AMP hydrolysis from the
intestine, kidney, and heart (Supplementary Table 1), thus excluding the
possibility that alkaline phosphatase affected the results. All enzyme
assays were performed in triplicate for each sample. We performed in-
dependent experiments, and each experimental group had five to eight
samples.

2.7. Gene expression analysis by real-time PCR

Four pools of 10 kidneys, 10 hearts, 2 intestines, and 5 encephala
were collected to check for tnf-a and cox-2 expression. Each analysis was
performed in quadruplicate. The expression of nt5e (ecto-5'-nucleo-
tidase) was evaluated in heart samples following the same protocol.
Total RNA was isolated with TRIzol® reagent (Invitrogen, Carlsbad, CA,
USA), in accordance with the manufacturer's instructions. Total RNA
was quantified by spectrophotometry, and the cDNA was synthesized
with ImProm-IITM Reverse Transcription System (Promega, Madison,
WI, USA) from 1 pg of total RNA, following the manufacturer's in-
structions. Quantitative real-time PCR was performed using SYBR®
Green I (Invitrogen) to detect double-strand cDNA synthesis. Reactions
were carried out in a volume of 25 pL using 12.5 pL of diluted cDNA
(1:50), 100 pM dNTP, 1x PCR buffer, 3 mM MgCl,, 0.25 U Platinum®
Taq DNA Polymerase (Invitrogen), 200 nM each of reverse and forward
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primers (Table 1) (Tang et al., 2007; Leite et al., 2013), and a final
concentration of 0.2x SYBR® Green I (Invitrogen). The PCR cycling
conditions included an initial polymerase activation step for 5 min at
95 °C, 40 cycles of 15 s at 95 °C for denaturation, 35 s at 60 °C for
annealing, and 15 s at 72 °C for extension. At the end of the cycling
protocol, a melting-curve analysis was included, and the fluorescence
was measured between 60 and 99 °C. Relative expression levels were
determined with 7500 Fast Real-Time System Sequence Detection soft-
ware v.2.0.5 (Applied Biosystems, CA, USA). The efficiency per sample
was calculated using LinRegPCR 11.0 software (http://LinRegPCR.nl;
Academic Medical Center, Amsterdam, the Netherlands) and the sta-
bility of the reference genes efla and rip13a (M-value), and the optimal
number of reference genes according to the pairwise variation (V) were
analyzed using GeNorm 3.5 software (http://medgen.ugent.be/ge
norm/; Ghent University, Ghent, Belgium). Relative RNA expression
levels were determined using the 2788CT method (Nery et al., 2014).
Molecular data are presented as fold change relative to the control and
the standard deviation of the treated group.

2.8. Statistical analysis

Data were checked for normality using the Shapiro-Wilk test and
expressed as mean =+ standard deviation per treatment (saline vs. LPS).
After that, all data were analyzed by Student's t-test or one-way ANOVA,
where appropriate. Statistically significant differences between groups
were considered when p < 0.05. Correlation between inflammatory
markers and ecto-5'-nucleotidase activity was checked using Pearson
coefficients (two-tailed). For enzyme assays, five to eight samples (AMP
hydrolysis analysis) from each group were tested, and for gene expres-
sion, four independent experiments were performed. The white blood
cell differentiation counts were obtained in three to eight independent
experiments. The statistical analysis was performed using GraphPad
Prism 7 (GraphPad Software Inc., La Jolla, CA, USA).

3. Results
3.1. Inflammatory response to LPS

3.1.1. White blood cell differential counting

To demonstrate that the inflammatory response could be observed in
peripheral blood, we performed differential counting of white blood
cells (Fig. 1). White blood cell differential counts were recorded in an-
imals from the control group (Fig. 1A) and from the 2, 12, and 24 h after
LPS injection groups (Fig. 1B-D, respectively). We observed the presence
of reactive neutrophils (Fig. 1b), monocytes (Fig. 1c), and lymphocytes
(Fig. 1d). The results showed an increase in neutrophils [751 %; p =
0.0023] and monocytes [419 %; p = 0.0227] and a decrease in lym-
phocytes [36 %; p = 0.0024] at 2 hpi of LPS in comparison with the
control group (Fig. 2a). An increase in monocytes [414 %; p < 0.0001]
and a decrease in lymphocytes [36 %; p <0.0001] were also observed at
12 hpi of LPS. The differential counting of white blood cells at 24 hpi did
not show any statistically significant difference between the control and
the LPS groups (Fig. 2b). Although we did not find eosinophils in the
control group, in the LPS-treated (2 hpi) group, we registered <1 % of
this type of cell (data not shown).

3.1.2. Inflammatory markers

To determine the intensity of the response in each organ sample, we
analyzed the gene expression of the inflammatory markers cox-2 and tnf-
a at 2, 12, and 24 hpi of LPS (Fig. 3). The results showed increased
expression of tnf-a in the heart [p = 0.031], kidney [p < 0.0001], and
encephalon [p = 0.022] at 2 hpi of LPS (Fig. 3a). At 12 hpi of LPS, tnf-a
expression returned to control values in the heart, kidney, and
encephalon, while in the intestine an increase in tnf-a expression was
registered [p = 0.026]. The transcript levels of tnf-a at 24 hpi of LPS
remained similar to those of the control in the heart, intestine, kidney,
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Table 1
Primer sequences for RT-qPCR experiments.
Gene Sequences (5'-3") GenBank accession number REF
eflalpha F CTGGAGGCCAGCTCAAACAT ENSDART00000023156 38
R ATCAAGAAGAGTAGTACCGCTAGCATTAC
rpl13alpha F TCTGGAGGACTGTAAGAGGTATGC NM_212784 38
R AGACGCACAATCTTGAGAGCAG
cox-2 F AACTAGGATTCCAAGACGCAGCATC ENSDART00000093609 39
R AAATAAGAATGATGGCCGGAAGG
tnf-a F AGGAACAAGTGCTTATGAGCCATGC NM_212859 39
R AAATGGAAGGCAGCGCCGAG
nt5e F TGGACGGAGGAGACGGATTCACC BC055243.1 39
R GGAGCTGCTGAACTGGAAGCGTC
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Fig. 1. Hematologic analysis of control and LPS-treated animals. A) Control group, B) 2 hpi group, C) 12 hpi group, and D) 24 hpi group. Representative pictures
were captured under original 10x (A-D) objective and 1000x objective (a-d). Arrows indicate representative monocytes, neutrophils, and lymphocytes.

and encephalon (Fig. 3a). The mRNA levels of cox-2 were increased only
in the kidney [p = 0.035] and intestine [p = 0.0437] at 2 hpi of LPS
(Fig. 3b).

3.2. Engzyme activity and mRNA levels of ecto-5'-nucleotidase in adult
zebrafish following the induction of inflammation

Ecto-5'-nucleotidase activity in the zebrafish membrane fraction
from the intestine, kidney, encephalon, and heart were determined at 2,
12, and 24 h after acute injection of LPS. The exposure to LPS altered
AMP hydrolysis in the heart only at 24 hpi of LPS, reaching enzyme
activity values 78 % higher than the control condition [p = 0.029]
(Fig. 4b). While AMP hydrolysis increased in the heart, there was no
correlation with inflammatory marker expression [tnf-a and ecto-5'-
nucleotidase: R squared 0.07; p = 0.11; cox-2 and ecto-5'-nucleotidase: R
squared 0.01; p = 0.567]. AMP hydrolysis from the intestine, enceph-
alon, and kidney was insensitive to LPS exposure at all time points
studied [p > 0.05] (Fig. 4acd, respectively).

To investigate the mRNA levels of nt5e in the heart, we performed
real-time PCR analysis. We found a decrease in nt5e expression at 12 hpi
of LPS [p = 0.028] (Fig. 5), while at 2 and 24 hpi of LPS, the mRNA levels
of nt5e did not significantly change.

4. Discussion

In the current study, we exposed adult zebrafish to LPS to induce
inflammation, which produced distinctive effects on ecto-5'-nucleo-
tidase activity from the heart, intestine, kidney, and encephalon.
Although there were changes in white blood cell counts and increased
expression of inflammatory markers in the heart, kidney, encephalon,
and intestine, the ecto-5'-nucleotidase activity was altered only in the
heart.

In the kidney, the strongest effect of LPS was observed at 2 hpi for tnf-
a and cox-2 gene expression, compared with the control. After that, the
expression of inflammatory markers reached control levels in the kid-
ney. In samples of intestine, tnf-a expression increased at 12 hpi and
returned to basal levels at 24 hpi, while gene expression of cox-2
increased at 2 hpi and returned to control levels at 12 hpi. Since cox-2
plays a crucial role in the defense and repair of the gastrointestinal
mucosa (Wallace and Devchand, 2005; Hobbs et al., 2011), its increase
corresponds with its important role as a primary barrier to microor-
ganism pathogens and its contribution to endotoxin resistance. In the
encephalon, the increase of tnf-a gene expression occurred at 2 hpi of
LPS. In mammals, the stimulation of cytokines like tnf-a by LPS induces
an increase in blood-brain barrier (BBB) permeability, thereby pro-
ducing inflammatory responses in neural tissue that can induce chro-
nicity (Abbott, 2000; Mallard, 2012). Here, tnf-a gene expression in the
encephalon reached control levels already at 12 hpi. In the heart, a slight
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Fig. 2. Effect of LPS treatment at 2, 12, and 24 h after injection on white blood
cell differential counts (lymphocytes, neutrophils, and monocytes). Data
represent mean + SD (%) of six to seven independent experiments. A total of
100 cells were counted for each animal. 2a) Cell counting by cell type. 2b)
Distribution of white blood cells per treatment group. Data were analyzed by
Student's t-test. P < 0.05 was considered significant. The * represents a sig-
nificant difference from the control group, as * p < 0.05, **** p < 0.0001.

but statistically significant increase (2.5-fold relative to the control) in
tnf-a gene expression occurred at the acute phase (2 hpi) that vanished
after 12 hpi, while no effects on cox-2 expression were registered.
Endocardial endothelial cells of fish can actively take up circulating
macromolecules to promote elimination of waste molecules, and this
could contribute to early anti-inflammatory responses in the heart
(Seternes et al., 2002). In all tissues, the expression of both inflammatory
markers diminished at 24 hpi of LPS. Together with the normalization of
white blood cell counts, this is an indication of inflammation resolution.
This temporal profile can be related to the fact that tnf-a promotes
chemotaxis of inflammatory cells and increases phagocytosis (Ming
et al., 1987; Zou et al, 2003), which could help fight against
inflammation.

In the context of inflammation, the increase of adenosine levels has
been indicated as an important strategy for tissue protection and repair
in human experimental research and in vitro studies (Ramakers et al.,
2012). The mechanism to control adenosine levels in humans appears to
act mainly by adjusting ecto-5'-nucleotidase, adenosine deaminase, and
adenosine kinase activity and expression (Ramakers et al., 2012). From
the literature, the use of whole zebrafish larvae identified a general
adjustment of adenosine metabolism enzymes and adenosine receptors
through copper-induced inflammation (Leite et al., 2013) and gamma
radiation (Cruz et al., 2019). Here, a tissue-specific analysis in adult
zebrafish indicated that the ecto-5'-nucleotidase activity was altered
only in heart samples at 24 hpi, when the inflammatory markers were
already diminished. In fact, the literature indicates that the cardiovas-
cular system is a key player in the survival of individuals affected by
sepsis (Merx and Weber, 2007). Our results could be related to how
tissues response to the inflammation to promote repair, since an increase
in the ecto-5'-nucleotidase could provoke the increased adenosine levels
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Fig. 3. Effect of LPS treatment at 2, 12, and 24 h after injection on 3a) tnf-a and
3b) cox-2 gene expression from the encephalon, heart, intestine, and kidney of
adult zebrafish. Data (mean + SD) from the LPS-treated group were represented
as fold change relative to the control from four independent experiments per-
formed in quadruplicate. Data were analyzed by Student's t-test. P < 0.05 was
considered as significant. The * represents a significant difference from the
control group, as * p < 0.05 and *** p < 0.001.

important for vasodilation, angiogenesis, and neovascularization (Drury
and Szent-Gyorgyi, 1929; Fredholm, 2007). This increase in ecto-5'-
nucleotidase activity occurred at 24 hpi with no change in gene
expression. While a direct correlation could be expected, several studies
have demonstrated that peak protein expression does not always coin-
cide with ecto-5 nucleotidase activity (Banjac et al., 2001; Nedeljkovic
et al., 2005; Stanojevic et al., 2011). However, the allosteric and stoi-
chiometric effects should not be excluded; since ecto-5 nucleotidase is
strongly affected by H*, inorganic phosphate, Mg?*, ADP, and ATP
(Heyliger et al., 1981), such effects could contribute to the increased
ecto-5'-nucleotidase in heart samples after LPS exposure. Moreover,
ecto-5'-nucleotidases play other roles in addition to those related to
purine metabolism (Heyliger et al., 1981).

In this study, adult zebrafish demonstrated an early peripheral
response to LPS, evidenced by the increased neutrophil and monocyte
count and the altered expression of the proinflammatory molecule from
2 h after injection. During this inflammatory state, we observed an
increased but delayed AMP hydrolysis in the heart, which calls our
attention to the contribution of ecto-5-nucleotidase activity to a
possible adjustment in adenosine levels in this specific tissue. Furthers
studies are needed to identify adenosine levels in the hearts of zebrafish
treated with LPS so we can create a reliable picture of the role the
purinergic system plays in studies of cardiac inflammation using
zebrafish models.
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Student's t-test. P < 0.05 was considered as significant. The * represents a
significant difference from the control group, as p < 0.05.
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