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Abstract The immune system is essential for the control
and elimination of infections, and macrophages are cells
that act as important players in orchestrating the various
parts of the inflammatory/immune response. Amino acids
play important role in mediating functionality of the
inflammatory response, especially mediating macrophages
functions and cytokines production. We investigated the
influence of glutamine, taurine and their association on the
modulation of inflammatory pathway markers in macro-
phages. The RAW 264.7 macrophage cell line was
cultivated in the presence of glutamine and taurine and
proliferation rates, cell viability, cell cycle phases, IL-1a,
IL-6, IL-10 and TNF-a as well as HO, production and the
expression of the transcription factor, NFxB, and its inhi-
bitor, IkBa, were evaluated. Our results showed an
increase in viable cells and increased proliferation rates of
cells treated with glutamine concentrations over 2 mM, as
well as cells treated with both glutamine and taurine. The
cell cycle showed a higher percentage of cells in the phases
S, G2 and M when they were treated with 2 or 10 mM
glutamine, or with glutamine and taurine in cells stimulated
with lipopolysaccharide. The pNFxB/NFxB showed
reduced ratio expression when cells were treated with
10 mM of glutamine or with glutamine in association with
taurine. These conditions also resulted in reduced TNF-a,
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IL-1a and H,O, production, and higher production of IL-
10. These findings demonstrate that glutamine and taurine
are able to modulate macrophages inflammatory pathways,
and that taurine can potentiate the effects of glutamine,
illustrating their immunomodulatory properties.
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Introduction

Macrophages are cells that have important immune func-
tions, providing a first line of defence, engulfing bacteria
and producing inflammatory mediators (Stow and Condon
2016). Among these inflammatory mediators are cytokines
and reactive oxygen species (ROS), which play a central
role in inflammatory cell signaling, modulating cellular
activities and coordinating cell behavior (Gardiner and
Mills 2016). Hydrogen peroxide (H,O,) is a ROS which
presents important bactericidal and tumoricidal activities
(Dale et al. 2008) as well as cytokines such as TNF-a, IL-1
and IL-6 are proinflammatory cytokines and all of these
mediators are involved in the regulation of inflammatory
reactions. Usually, proinflammatory cytokines are modu-
lated by the activation of the transcription factor, nuclear
factor kappa B (NFxB) (Fock et al. 2010; Nishanth et al.
2011; Arango Duque and Descoteaux 2014). On the other
hand, IL-10 plays an important role in the control of the
inflammatory response attenuating NFxB activation, being
also regarded as an anti-inflammatory, immunosuppressive
cytokine (Fock et al. 2008; Ma et al. 2015).

For many years, the potential physiological uses of
nutrients have been studied, particularly for the purpose of
improving or controlling the immune response, such as by
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modulating macrophage cells. Among the wide range of
nutrients studied, glutamine and taurine can be highlighted
(Ferreira 2007; Grimble 2005). Glutamine is a nonessential
amino acid, but during stress, injury or illness is considered
a conditionally essential nutrient (Lacey and Wilmore
1990). Glutamine is the most abundant amino acid in
plasma and tissues, providing energy substrate and serving
as a precursor to amino acid synthesis (Newsholme 2001;
Rogero et al. 2008a). Additionally, a large number of cells
utilize glutamine at high rates, especially immune cells,
which means that glutamine has immunomodulatory
potential and a diminished supply of glutamine to
immunocompetent cells can affect their functions (New-
sholme et al. 1996; Newsholme 2001; Rogero et al. 2008b).
Glutamine is utilized at high rates by macrophages (New-
sholme et al. 1996). Whose ability to phagocytose
pathogens, kill fungi and produce IL-1, IL-6, TNF-o and
reactive oxygen species are modulated by the extracellular
concentration of glutamine (Yassad et al. 2000; Rogero
et al. 2008c; Kim 2011).

Unlike glutamine, taurine is not incorporated into pro-
teins, but does play a role in many important physiological
functions, including bile acid conjugation, protein stabi-
lization, retinal and neurological  development,
osmoregulation, calcium mobilization, homeostasis and
immune function (Newsholme et al. 2003; Kim 2011; Moe-
Byrne et al. 2016). In addition, several studies have
demonstrated its important role as an antioxidant. In neu-
trophils, taurine attenuates the toxicity of hypochlorous
acid (HOCI) produced by the myeloperoxidase system. By
reacting with HOCI, taurine generates a stable compound
that is less toxic to cells, known as taurine chloramine
(TauCl) (Sun et al. 2012; Menzie et al. 2013; Kim and Cha
2014).

Considering that numerous advances have been made
regarding the influence of specific nutrients on the immune
system, this study was based on the hypothesis that glu-
tamine, taurine and their association are able to act on the
inflammatory response, especially by modulating macro-
phage activities.

Materials and methods
Cell culture

RAW 264.7 macrophage-like cells were purchased from
the American Type Culture Collection [No TIB-71;
American Type Culture Collection (ATCC), Manassas,
VA, USA] and cultured in Dulbecco’s modified Eagle
medium-high glucose media (DMEM-HG; Cultilab,
Campinas, Brazil), supplemented with 10% fetal bovine
serum, Hepes buffer (2 g/L) and 1% penicillin—
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streptomycin. The culture had a final pH between 7.2 and
7.4, and was incubated in 5% CO, at 37 °C and 100%
humidity until it was ~ 70% confluent.

Cells were detached from the culture plates using a cell
scraper, centrifuged at 1500 rpm for 5 min, then reseeded
in four separate culture plates at a density of 1.0 x 10°
cellssmL, in free bovine serum (FBS)-starved media
(DMEM-HG with 1% penicillin—streptomycin only). After
a 16-h, the cells were incubated for 24 h with 0, 0.6, 2 or
10 mmol/L of glutamine, or 0, 1, 5 or 10 mmol/L of tau-
rine, or with both amino acids in the same concentrations.
The cultured RAW cells were stimulated for 30 min or
24 h, depending on the experiment, with 1.25 pg/mL of
LPS (Escherichia coli 055:B5; Sigma-Aldrich, St Louis,
MO, USA). The concentrations of glutamine were chosen
for the following reasons: 0 mmol/L was the negative
control; 0.6 mmol/L of glutamine corresponds to the nor-
mal concentration found in the plasma of healthy humans
and rodents; 2 mmol/L is the standard concentration that is
commonly used in cell cultures (Eagle 1955; Eagle et al.
1956); 10 mmol/L was chosen because previous enterocyte
and peripheral blood mononuclear cell studies have shown
that glutamine concentrations varying from 2 to 10 mmol/
L had opposing effects on the expression of cytokines
encoding genes (Wischmeyer et al. 2003; Hubert-Buron
et al. 2006). The concentrations of taurine were chosen for
the following reasons: 0 mmol/L was the negative control;
1 mmol/L was used because in this dosage significantly
reduces oxidative stress (Kim and Kim 2005); 5 mmol/L
was used as an intermediate concentration; 10 mmol/L was
chosen because the intracellular concentration of taurine in
mammalian tissues is commonly over 10 mmol/L (Fukuda
et al. 1982).

MTT assay

RAW 264.7 cells were harvested and cell proliferation was
determined using the MTT-Tetrazolium (3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium  bromide);
Sigma Chemical Company, St. Louis, MO, USA) assay.
Cells were plated in 96-well plates and cultured 24 h at a
density of 1.0 x 10* cells, after the experimental periods
50 pL of an MTT colorimetric solution was added to the
wells and incubated for 4 h. After this, 500 pL of 10%
sodium dodecyl sulfate (SDS) was added to each well and
leaved at room temperature in the dark for 2 h. The
absorbance of each well was determined using an ELISA
microplate reader at 570 nm. The standard samples and
cell viability curves were analyzed. Duplicates of crescent
cell dilutions were distributed in 96-well plates in culture
medium as follows: blank, 1 x 103, 1 x 104, 1 x 10°,
5 x 105, 7.5 x 10° and 1 x 10° Absorbance values were
converted into cell concentrations using a logarithmic
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equation, and then an average line chart for the standards
was plotted.

Cellular viability assay

RAW 264.7 cells were adjusted to a final concentration of
1 x 10° cultured as described previously and stimulated
for 24 h with 1.25 ng/mL of LPS. After the experiments
periods, cells were harvested in phosphate-buffered saline
(PBS; Sigma Chemical Co., St. Louis, MO, USA), cen-
trifuged and the pellet was resuspended with 50 pL of
annexin buffer and incubated with 3 puL of annexin-V and
5puL  of propidium iodide (PI; Becton-Dickinson
Pharmingen, San Diego, CA, USA) for 20 min, protected
from light. After incubation, cells were centrifuged and
resuspended in 200 pL of annexin buffer for data acqui-
sition using a FACS Canto II flow cytometer. At least
1 x 10* cells were acquired. Data analysis was performed
using FlowJo 7.6.4 (Tree Star, Ashland, USA) software.

Cell cycle evaluation

RAW 264.7 cells were cultured as described previously
and stimulated for 24 h with 1.25 pg/mL of LPS. 1 x 10°
RAW 264.7 cells were harvested and fixed with 70%
ethanol for 20 min on ice. After centrifugation, the pellet of
the cells was resuspended with 4 mg/mL RNase and 4 pL
of PI for 45 min at 37 °C, protected from light. Data
acquisition and analysis by flow cytometry was performed
as described above. Cell cycle status was assessed by
quantifying the percentage of histogram regions corre-
sponding to G1/GO and S/G2/M phases.

Cytokine and H,0, production

RAW 264.7 cells were cultured and treated as previously
described. Once confluent, cells were trypsinized and see-
ded into 6-well plates at a density of 1 x 10° cells per mL
and stimulated with 1.25 pg/mL LPS for 24 h. RAW 264.7
cell supernatants were collected and used to determine the
production of IL-1a, IL-1f, IL-6, IL-10, TNF-a and H,O,.
Cytokine production was assessed by enzyme-linked
immunosorbent assay (ELISA) using a commercially
available kit (Quantikine ELISA®, R&D Systems, Abing-
don, UK) and H,0, was measured using H,O, assay kit
Amplex red® (A22188, Invitrogen, Carlsbad, CA, USA).

Western blot analysis

For the analyses of transcription factors RAW 264.7 cells
were cultured as described previously and stimulated for
30 min with 1.25 pg/mL of LPS. Western blot analysis was
used to establish protein expression of IkBa,

phosphorylated IkBo,, NF-xB and phosphorylated NF-xB.
The RAW 264.7 cells were cultured and treated as previ-
ously described and were washed with PBS three times and
lysed with RIPA buffer (0.1% SDS, 1% Igepal CA-630, 1%
sodium deoxycholate, 10 mM Tris HCI [pH 7.5], 150 mM
NaCl, 2 pg/mL aprotinin, 1 pg/mL leupeptin, 100 pg/mL
PMSF and 0.5 mM EDTA). A protease and phosphatase
inhibitor cocktail was added (Sigma Chemical Co., St.
Louis, MO, USA) to inhibit the activity of proteases and
phosphatases. After centrifugation at 14,000 rpm and 4 °C
for 15 min, the supernatant was collected, mixed with 5x
Laemmli buffer (1 M Tris HCI1 [pH 6.8], 10% 2-mercap-
toethanol, 10% SDS, 50% glycerol and 0.01%
bromophenol blue) and boiled for 5 min. The protein
content of the cell homogenates was determined using a
BCA Protein Assay Kit (Pierce Biotechnology, Inc.,
Rockford, IL, USA), and equal amounts of protein (18 pg
per well) were separated on 10% SDS—polyacrylamide
mini-gels and transferred to Immobilon polyvinylidene
difluoride membranes (Millipore Corporation, Billerica,
MA, USA). These were incubated with the appropriate
primary antibodies (1:1000), including IKBa (cat no. 4812,
Cell Signaling Technology, Inc., Beverly, MA, USA),
phosphorylated IKBa (cat no. 9246, Cell Signaling Tech-
nology, Inc., Beverly, MA, USA), NFkB (cat no. pcl37,
Calbiochem, San Diego, CA, USA) and phosphorylated
NF«kB (cat no. 3031, Cell Signaling Technology, Inc.,
Beverly, MA, USA). The membranes were then incubated
at room temperature overnight with the primary antibody
and for 1 h with a secondary antibody (1:5000), conjugated
to horseradish peroxidase (cat no. DCO3L, Calbiochem,
San Diego, CA, USA). After three washes with Tris-buf-
fered saline, 0.1% Tween 20 (TBST), the immunoreactive
bands were visualized using the ECL detection system
(Amersham ECL™ Advance Western Blotting Detection
Kit, Piscataway, NJ, USA). To standardize and quantify the
immunoblots, a digital detection system (ImageQuant ™
400 version 1.0.0, Amersham Biosciences, Pittsburgh, PA,
USA) was used. The results were expressed in relation to
the intensity of B-actin (1:20,000 for anti-B-actin; Cell
Signaling Technology, Inc., Beverly, MA, USA) and as a
percentage of the control value.

Statistical analysis

After a normality test, datasets were analyzed using the
Student’s ¢ test and the level of significance adopted was
95% (p < 0.05). For multiple comparisons among groups,
analysis of variance and Bonferroni’s post hoc test were
performed. Values were expressed as mean =+ standard
deviation. Statistical analyses were performed using the
GraphPad Prism® software version 5.01 (GraphPad Soft-
ware Inc., La Jolla, USA).
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Results
In vitro proliferation assay

The results show differences in proliferation rates
depending on the treatment. Cells stimulated with LPS for
24 h and cultured in 10 mM of glutamine (Fig. 1a), as well
as cells cultured with 2 mM of glutamine plus 5 mM of
taurine or cells cultured with 10 mM of glutamine plus
10 mM of taurine (Fig. 1c), showed increased proliferation
rates when compared to the negative control (0 mmol/L).

Cell viability

To test whether the amino acids affected cell viability, flow
cytometry using annexin and propidium iodide was per-
formed. An increase in cell viability was observed in cells
stimulated with LPS and cultivated in the presence of 2 or
10 mM of glutamine (Fig. 2a). Cells cultivated with tau-
rine did not show a difference in cell viability percentage
when compared to cells cultivated without taurine
(Fig. 2b). Cells cultivated with both amino acids showed
an increase in cell viability when the cells were stimulated
and cultivated with the two higher concentrations of the
amino acids studied (Fig. 2c).

Cell cycle

The cell cycle status of RAW 264.7 cells was evaluated in
cells stimulated with LPS and cultivated in different con-
centrations of amino acids. RAW 264.7 cells cultivated
with glutamine (2 and 10 mM) and stimulated with LPS
resulted in a lower percentage of cells in the GO/G1 cell
cycle phase when compared to the control (0 mM), due to a
higher percentage of cells in the proliferative state (S/G2/M
cell cycle phases; Fig. 3a). The experiments performed
with taurine did not show differences among groups
(Fig. 3b). Cells cultivated in the presence of both

glutamine and taurine showed similar results to cells cul-
tivated only with glutamine: the percentage of cells in the
S/G2/M cell cycle phases was higher than cells cultivated
without both amino acids (Fig. 3c).

Cytokine and H,0, production

TNF-a, IL-1a, IL-6 and IL-10 as well as H,O, production
were evaluated. Groups treated with 0.6, 2 and 10 mM
glutamine and stimulated with LPS showed reduced pro-
duction of TNF-o0 when compared to the control (0 mM of
glutamine; Fig. 4a). In cells that were cultivated with
taurine, statistical differences were not observed (Fig. 4b).
However, cells treated with both amino acids and stimu-
lated with LPS, and that received higher concentrations of
glutamine and taurine (10/10 mM), showed reduced TNF-a
production when compared to cells receiving 0/0 mM
(Fig. 4c).

The production of IL-1a showed similar results to those
observed for TNF-a (Fig. 4d, f). However, reduced pro-
duction of IL-loe was not observed when cells were
cultivated with 0.6 mM of glutamine and stimulated with
LPS, which were conditions that resulted in reduced pro-
duction of TNF-a. Taurine did not induce alteration in the
IL-1o production profile among groups (Fig. 4e). In addi-
tion, IL-6 production did not differ statistically among
groups that were stimulated with LPS and cultivated with
glutamine, taurine or both (Fig. 4g—i).

IL-10 is an anti-inflammatory cytokine and it produced
opposite results to those for proinflammatory cytokines.
Cells that received 10 mM of glutamine in the presence of
LPS (Fig. 4j) showed an increase in production when
compared to cells cultured without glutamine. Cells treated
with 10 mM taurine and LPS had an increased production
of IL-10 compared to the control group (0 mM; Fig. 4k). In
the experiments using both amino acids, groups cultured
with 2/5 and 10/10 mM plus LPS showed higher IL-10
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Fig. 1 The results are expressed as the mean £ SD of the prolifer-
ation rates of RAW 264.7 cells cultivated with glutamine, taurine or
in association with both amino acids, and stimulated or not wit LPS.
In each amino acid concentration studied, six samples of each group
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were evaluated. Asterisk illustrates a significant (p < 0.05) difference
between the treatment group and the control group treated with
0 mmol/L
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Fig. 2 The results are expressed as the mean £ SD of the percentage
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Fig. 3 The results are expressed as the mean & SD of the percentage
of cell cycle phases of RAW 264.7 cells cultivated with glutamine,
taurine or in association with both amino acids, and stimulated or not
with LPS. In each amino acid concentration studied, six samples of

production compared to the group that was not treated with
these amino acids (0/0 mM; Fig. 41).

There was a reduction in H,O, production in cells
treated with 10 mM of glutamine and stimulated with LPS
in comparison to cells treated without glutamine or treated
with 0.6 mM of glutamine (Fig. 4m). In cells cultivated
with taurine, statistical differences were not observed
(Fig. 4n). Cells treated with glutamine and taurine at con-
centrations 2/5 and 10/10 mM and stimulated with LPS
showed reduced H,O, production in comparison to cells
treated without both amino acids (Fig. 40).

NFxB and IKBa expression in RAW 264.7

Given that IKBa and NFkB have a central role in coordi-
nating the inflammatory response, the expression of
proteins was measured in RAW 264.7 cells treated with
glutamine, taurine and their association. No statistical
differences in protein expression were observed among
groups without the LPS stimulus. For the RAW 264.7 cells
stimulated with LPS, reduced expression of the ratio
between phosphorylated and total NFxB when the cells
were treated with 10 mM was observed in comparison to
the control (0 mM of glutamine) (Fig. 5a). Treatment with
taurine did not induce differences among groups stimulated

SIG2M

G0/G1

S/IG2Mm

each group were evaluated. Significant differences between the
treatment groups and the control group treated with 0 mmol/L are
illustrated by *(p < 0.05), **(p < 0.01) and ***(p < 0.001)

with LPS. However, cells treated with both glutamine and
taurine showed reduced expression of the pNFxB/NFxB
ratio at concentrations of 2/5 and 10/10 mM (Fig. 5¢).
However, no statistical differences were observed in the
ratio between phosphorylated and total IKBo among the
groups stimulated with LPS and cultured with glutamine,
taurine or both amino acids (Fig. S5c, d).

Discussion

Due to the importance of the immune system, many
authors have investigated its activation, modulation and the
specific mechanisms of how it can be improved. In this
context, the use of some nutrients has also been applied for
the purpose of intervening in and improving the immune
system and the inflammatory response (Calder 2003;
Grimble 2005). Among the most important nutrients for
this purpose are amino acids, particularly glutamine and
taurine.

In the present study, the cytotoxicity of the amino acids,
glutamine and taurine, and their association in RAW 264.7
cells was analyzed after stimulation of the cells with LPS.
The results demonstrated that, 10 mM of glutamine, pre-
ceded by the LPS stimulus, led to an increase in cell
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<«Fig. 4 The results are expressed as the mean + SD of the cytokines
and H,0, produced by RAW 264.7 cells cultivated with glutamine,
taurine or in association with both amino acids, and stimulated or not
with LPS. In each amino acid concentration studied, six samples of
each group were evaluated. Asterisk illustrates a significant
(p < 0.05) difference between the treatment group and the control
group treated with 0 mmol/L

proliferation as well as cell viability when compared to
cells cultured without glutamine. The same response
occurred when the cells were cultured with glutamine in
association with taurine, at concentrations of 2/5 and
10/10 mM. This was in contrast to cells cultured with
taurine alone, which did not exhibit changes in these two
parameters.

The proliferative status of the macrophage cells was
confirmed by analysis of the cell cycle status. Cells cul-
tured with 2 and 10 mM of glutamine, as well as cells

cultured with glutamine in association with taurine, had a
higher percentage of cells in the G2/S/M cell cycle phases
when compared to negative glutamine control (0 mM).
These results can be explained by the importance of glu-
tamine as nitrogen donors in purine and pyrimidine
nucleotide synthesis which are biomolecules essential for
cell proliferation (Ardawi and Newsholme 1983; Engstrom
and Zetterberg 1984).

Glutamine participates in many biochemical pathways,
including the synthesis of glutathione—a tripeptide that in
the intracellular environment has a role as a co-factor for
cytoplasmic enzymes and can regulate the cellular redox
state (Ardawi and Newsholme 1983; Newsholme et al.
2003). Therefore, by being a precursor for glutathione
synthesis, glutamine has an essential role in the cellular
redox state, consequently acting in the modulation of
sensitive enzymes and cell damage (Newsholme et al.
2003; Wischmeyer et al. 2003). At the same time,
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significant (p < 0.05) difference between the treatment group and
the control group treated with 0 mmol/L
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glutamine could modulate the activation of heat shock
proteins (HSP), which have been correlated with repair and
cellular defense (Wischmeyer et al. 1997, 2003). In addi-
tion, glutamine is a requirement for many cells in tissue
culture, an intermediate in many metabolic pathways, and
an alternative substrate to glucose for energy metabolism,
suggesting that glutamine concentration might be a deter-
minant of cell viability (Newsholme et al. 2003;
Wischmeyer et al. 2003). In this way, the participation of
glutamine in cellular repair is well known and may explain
the increased cell viability found in cells treated with
higher glutamine concentrations as observed in the current
work.

In the literature, as already mentioned above, the pro-
liferative effects of glutamine are already very well
defined, however, in the opposite sense, the amino acid
taurine, have been reported by some studies as apoptotic
cellular inducer (Zhang et al. 2015). In the current study,
taurine did not interfere in cell viability percentage when
compared to cells cultivated without taurine. However,
cells cultivated with both amino acids showed increased
viability. There are studies that correlate both amino acids,
where in multiple traumas or stress conditions, the plasma
levels of taurine increased after the enteral diet was sup-
plemented with glutamine (Boelens et al. 2003; Kim and
Cha 2009). This suggests that glutamine substrate can act
as a facilitator of the plasma availability of taurine and
consequently improve the osmotic disturbances observed
after trauma, and therefore, the physiological condition of
these patients (Boelens et al. 2003; Kim and Cha 2009).

The macrophage activation by LPS occurs by binding to
the Toll like receptor 4 (TLR-4), trigging the LPS/TLR-4
signal transduction pathway activating several transcription
factors such as NFxB. The activity of NFxB is primarily
regulated by interaction with inhibitory IKB proteins,
specially IKBa (Gilmore 2006). In addition, the NFkB/
IKBo interaction blocks the ability of NFkB to bind to
DNA and results in the NFkB complex being primarily in
the cytoplasm due to a strong nuclear export signal in IKBa
(Gilmore 2006; Nishanth et al. 2011). After binding, some
molecules involved with signal transduction and the
phosphorylation of the inhibitor of NF«kB, IxB-a, will be
activated, resulting in IxB-o degradation and the subse-
quent release and migration of NFkB into the nucleus of
the cell where it promotes the transcription of genes
involved in the inflammatory response, such as genes
encoding IL-1, IL-6 and TNF-a production (Fock et al.
2010; Nishanth et al. 2011). In the current study, there was
a decrease in the p-NFxB/NF«B ratio when cells were
cultured with 10 mM of glutamine or with glutamine in
association with taurine, at concentrations of 2/5 and
10/10 mM. This data can be correlated with the alterations
in cytokine production: a decrease in the proinflammatory

@ Springer

cytokines, IL-1a and TNF-qo, and an increase in the pro-
duction of the anti-inflammatory cytokine, IL-10.

Moreover, in the current work was observed that glu-
tamine in higher concentrations, in association or not with
taurine, is able to reduce the macrophages H,O, produc-
tion. In this context, these results are in agreement with
cytokines and NFkB results. H,O, is a compound produced
in a process known as the respiratory burst (Dale et al.
2008). H,O, is a highly reactive compound produced by
cells, especially macrophages, after secondary reactions
during the course of inflammatory processes. H,O, has an
antimicrobicidal function but is also known that the H,O,
produced by the respiratory burst can act as a second
messenger and activates major signaling pathways, show-
ing that H,O, directly activates NFkB and enhances the
TNF-o production (Kim and Cha 2009; Karabay et al.
2015).

Our data showed that supraphysiological glutamine
supplementation, especially 10 mM, are able to modulate
proinflammatory markers and this results are in agreement
with the literature, where it is reported that 4 mM of glu-
tamine supplementation has the ability to decrease the
production of TNF-o in mononuclear cells of peripheral
blood, stimulated with LPS, and that in vivo supplemen-
tation with glutamine in free form or as a dipeptide
decreases TNF-o release after intense exercise (Wis-
chmeyer et al. 2003; Cruzat and Tirapegui 2009). Previous
studies have shown that after multiple traumas or under
stress conditions, there was an increase in the level of
taurine in plasma after the enteral diet was supplemented
with glutamine (Kim and Kim 2005; Miyazaki and Mat-
suzaki 2014). This suggests that glutamine acts as a
substrate to taurine and facilitates the plasma availability of
taurine, which can improve the osmotic disturbances
commonly observed after traumas conditions (Boelens
et al. 2003; Marcinkiewicz and Kontny 2014). This study
suggests that glutamine and taurine are able to modulate
macrophages inflammatory pathways, and that taurine can
potentiate the effects of glutamine, illustrating their
immunomodulatory properties. The effects shown here,
relating to the improvement of cell viability, proliferation
and the modulation of the inflammatory response, can be
clinically exploited to improve the condition of patients.
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