Anais da Academia Brasileira de Ciéncias (2019) 91(4): €20190434
\, (Annals of the Brazilian Academy of Sciences)

I Printed version ISSN 0001-3765 / Online version ISSN 1678-2690
http://dx.doi.org/10.1590/0001-3765201920190434
www.scielo.br/aabc | www.fb.com/aabcjournal

Vitamin B6 reduces oxidative stress in lungs and liver in experimental sepsis
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Abstract: Sepsis is a life-threatening organ dysfunction induced by a disrupted host response to infecting
pathogens. Inflammation and oxidative stress are intrinsically related to sepsis progression and organ
failure. Vitamin B6 is an important cellular cofactor for metabolic processes and has anti-inflammatory
and antioxidant properties. We aimed at evaluating the effect of vit B6 on inflammation and oxidative
stress markers in the liver and lung of rats subjected to a relevant animal model of polymicrobial sepsis.
Adult male Wistar rats were submitted to cecal ligation and perforation model and immediately after
sepsis induction, vit B6 was administered as a single dose (600 mg/kg, subcutaneous). Twenty-four hours
later, the lung and liver were harvest for neutrophil infiltration, oxidative markers to lipids and protein and
antioxidant activity of endogenous enzyme. Vitamin B6 diminished neutrophil infiltration in both organs,
oxidative markers in the liver and restored catalase activity levels in the lung of septic animals. Vitamin B6

exerts anti-inflammatory and antioxidant effects in peripheral organs after polymicrobial sepsis.
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INTRODUCTION

Sepsis is a life-threatening organ dysfunction
induced by a dysregulated host response to
infectious stimuli (Singer et al. 2016). The
pathologic hallmark of sepsis relies on the failure to
maintain a satisfactory balance between excessive
and inadequate inflammatory response, leading to
a massive generation of reactive oxygen species
(ROS) and nitrogen species (RNS) (Andrades
et al. 2009). Reactive species promote several
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proinflammatory effects, such as neutrophil
recruitment (Hotchkiss and Karl 2003), and
favor the occurrence of oxidative damage due to
an imbalanced activity of endogenous enzymes,
including catalase (CAT) (Andrades et al. 2005).
As oxidative stress plays an important role in the
development of sepsis-induced organ dysfunction,
the application of antioxidant compounds has been
considered a potential and promisor treatment
(Ritter et al. 2004).

Vitamin B6 (vit B6) is a water-soluble
vitamin easily found as pyridoxal, pyridoxine and
pyridoxamine forms in animal and vegetal foods
(Salam et al. 2015). After digestion and absorption,
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the liver converts vit B6 to the biologically
active form, pyridoxal 5’-phosphate (PLP). PLP
is then bound by albumin and corresponds to
approximately 60% of circulating vit B6 (Wang and
Kuo 2007). Importantly, PLP serves as a cofactor
for innumerous reactions related to macronutrients
metabolism and immune response (Mooney et al.
2009).

Evidences point an inverse relationship
between blood levels of vit B6 and inflammation,
as subjects with decreased levels of vit B6 display
higher concentrations of inflammatory markers,
possibly because PLP is drawn out into sites
of active inflammation (Ueland et al. 2017). In
addition, vit B6 acts in the antioxidant system and
inhibits lipid peroxidation (Choi and Cho 2009).
In this sense, we aimed to evaluate the possible
antioxidative and anti-inflammatory effects of an
acute treatment with vit B6 in the liver and lung of
rats submitted to an animal model of polymicrobial
sepsis.

MATERIALS AND METHODS

ANIMALS

Adult male Wistar rats (weighing 250 —350 g) from
the Universidade do Vale do Itajai and maintained
at the Universidade do Sul de Santa Catarina were
used. The animals were housed five per cage under
controlled conditions of temperature (22 = 1°C),
relatively humidity (45-55%) and day/light cycle
(12:12 h, light on at 06 a.m.). Rat chow (standard
diet for laboratory animals — NUVILAB CR-1%,
Brazil) and tap water were available ad libitum. All
procedures performed were made in accordance
with the ethical standards of the Animal Research
Ethic Committee of the Universidade do Sul de
Santa Catarina (protocol #15.0 12.4.03.1V). The
Guide for the Care and Use of Laboratory Animals
(The National Academies Press, 8" Edition, 2011)
was followed in all experiments. All efforts were
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made to minimize the number of animals used and
their suffering.

SEPSIS INDUCTION - CLP MODEL

Rats were subjected to CLP as previously described
with minor modifications (Danielski et al. 2017) to
induce mid-grade sepsis (Rittirsch et al. 2009). To
minimize variability between different experiments,
the CLP procedure was always performed by the
same investigators.

TREATMENTS AND SAMPLES OBTENTION

Vitamin B6 (Fagron, Sao Paulo, Brazil) was
dissolved in saline immediately before use and
protected from the light during the experiments.
Immediately after surgery, rats received 600 mg/
Kg s.c. of vitamin B6 or the same volume of
vehicle (Barichello et al. 2014). Four groups (n =
10) were randomly divided into: (1) sham+saline;
(2) sham+B6, (3) CLP+saline, and (4) CLP+B6.
Twenty-four hours after the surgery procedure (CLP
or sham), animals were subjected to a thiopental
overdose (0.5 g/kg, i.p.) followed by decapitation
as a secondary euthanasia method. The lung and the
liver were quickly isolated by hand dissection and
the samples were stored at -80°C for subsequent
analysis.

BIOCHEMICAL ANALYSIS

Myeloperoxidase activity: Neutrophil infiltration
in tissues was evaluated by the measurement
of myeloperoxidase (MPO) activity (De
Young et al. 1989). The activity was measured
spectrophotometrically as the change in absorbance
at 650 nm at 37°C. Data was expressed as mU per
milligram of protein.

Thiobarbituric Acid Reactive Species
formation: Lipid peroxidation was evaluated by the
formation of thiobarbituric acid reactive substances
(TBARS). The optical density of each solution was
measured in a spectrophotometer at 535 nm. The
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results were expressed as nmol of malondialdehyde
(MDA) equivalents per milligram of protein
(Draper and Hadley 1990).

Protein carbonyl formation: Protein
oxidation was evaluated by the determination
of carbonyl groups based on the reaction with
dinitrophenylhidrazine, as previously described
(Levine et al. 1990). The absorbance was read at
370 nm and carbonyl protein levels were expressed
as nmol per milligram of protein.

Catalase activity: Catalase (CAT EC
1.11.1.6) activity was measured according to its
ability to decompose H,O, into water and oxygen
(Aebi 1984). The absorbance was measured in
a spectrophotometer at 240 nm in 0, 30 and 60
seconds after the reaction started. CAT specific
activity was represented as mU per milligram of
protein.

Protein determination: All results were
normalized with proteins levels measured by the
Lowry method using bovine serum albumin as a
standard. The absorbance was read in 700 nm and
the results were expressed as milligram of protein
(Lowry et al. 1951).

DATA ANALYSIS

Data was analyzed using the Statistical Package for
the Social Sciences software (SPSS, Chicago, IL,
USA). Results were expressed as mean + S.D., and
each value reflects 7 animals per group. Differences
among experimental groups were determined by
one-way analysis of variance (ANOVA), followed
by post-hoc Tukey test. In all comparisons,
statistical significance was set at p < 0.05.

RESULTS

Inflammation and antioxidant activity: We verified
a significant increase in MPO activity in the lung
(Fig. 1a) and the liver (Fig. 1b) of CLP+saline
animals (p < 0.05, vs. sham+saline), while the
rats subjected to sepsis and treated with vit B6
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presented a significative reduction in the levels of
MPO in both organs (p < 0.05 vs. CLP+saline).
With regards to CAT activity, the administration
of vit B6 significantly avoided sepsis-induced
reduction in CAT activity in the lungs (Fig. 1c; p
< 0.05, CLP+B6 vs. CLP+saline), while it did not
exert significative effect in the liver (Fig. 1d).

Oxidative damage: Sepsis enhanced MDA
levels in the lung (Fig. 2a) and liver (Fig. 2b) at
24 h after CLP surgery (p < 0.05 vs. sham+saline).
A single administration of vit B6 immediately
after sepsis induction significantly prevented an
increase in TBARS formation in the liver (Fig. 2b),
but not in the lung, of CLP+B6 rats (p < 0.05 vs.
CLP+saline). Septic rats showed a higher oxidative
damage to carbonyl groups in the lung (Fig. 2¢)
and liver (Fig. 2d), compared to sham-+saline
animals. Treatment with vitamin B6 significantly
prevented this alteration only in the liver (p < 0.05
vs. CLP+saline).

DISCUSSION

In this study, we demonstrate the acute protective
effects of vit B6 on peripheral organs of rats subjected
to a well-established model of polymicrobial sepsis.
A single dose of vit B6 administered immediately
after surgery improved an inflammatory marker
and oxidative parameters in the liver and lung.
Neutrophils are the first line of defense crucial
during the early stages of sepsis as they release
important inflammatory mediators, engulf invading
pathogens, and contribute directly to antimicrobial
killing via expression of several antimicrobial
peptides, proteases, and oxidants (Reddy and
Standiford 2010). Here we demonstrate that sepsis
increased the levels of MPO, thus indicating the
occurrence of an inflammatory response at 24
hours after CLP surgery. On the contrary, septic
rats treated with vit B6 showed diminished activity
of MPO, meaning that vit B6 decreased the acute
neutrophil-induced inflammatory response in these
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Figure 1 - Myeloperoxidase activity in the lung (a) and liver (b) and catalase activity in the lung (¢) and liver (d) of rats subjected
to polymicrobial sepsis and treated with vitamin B6 (600 mg/Kg). Data is expressed as mean + standard deviation, analyzed by one-
way ANOVA with Tukey post-hoc test. *p < 0.05 compared to sham+saline group and “p < 0.05 compared to CLP-+saline group.

animals. Similar results were found in previous
studies in which we demonstrate the role of vit
B6 in preventing the increase of MPO activity in
different brain structures of septic rats (Danielski
et al. 2017) and also the action of alpha-lipoic acid
— an antioxidant compound — on peripheral organs
after sepsis induction (Petronilho et al. 2015).
Furthermore, the inflammatory infiltrate is
also responsible for producing a considerable
amount of ROS and RNS to eliminate pathogens
and apoptotic cells (Pfeilschifter et al. 2003).
Both types of reactive species can contribute to
lipid peroxidation, since membrane lipids and
lipoproteins are particularly susceptible to oxidative
damages due to their polyunsaturated fatty acids-
enriched composition. The end products of lipid
peroxidation, such as malondialdehyde, can lead
to protein damage by reactions with several amino
groups (Piechota-Polanczyk and Fichna 2014).
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In our research, we evidence that sepsis incited
oxidative damage to lipids and proteins in the
liver and the lung at 24 hours after CLP surgery.
Previous evidence suggests that the magnitude of
lipid peroxidation, but not the time when it occurs,
is influenced by sepsis severity; on the contrary,
both magnitude and time of protein oxidation are
determined by sepsis severity (Andrades et al.
2005).

Furthermore, the administration of a single dose
of vit B6 immediately after surgery significantly
reduced oxidative damage in the liver of septic rats.
Antioxidants compounds may regulate ROS-related
enzymes either by inhibiting the activities and/or
expressions of free radical generating enzymes,
or by enhancing the activities and expressions
of endogenous antioxidant enzymes (Li et al.
2010). Vitamin B6 displays significant antioxidant
functions mainly by scavenging superoxide
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Figure 2 - Lipid peroxidation in the lung (a) and liver (b) and protein carbonylation in the lung (¢) and liver (d) of rats subjected to
polymicrobial sepsis and treated with vitamin B6 (600 mg/Kg). Data is expressed as mean = standard deviation, analyzed by one-
way ANOVA with Tukey post-hoc test. *p < 0.05 compared to sham-+saline group and “p < 0.05 compared to CLP-+saline group.

radicals (Mahfouz et al. 2009). In the present study,
we measured the activity of CAT, and vit B6 was
effective in preventing the decrease of CAT activity
in the lung. Importantly, pyridoxine has an essential
role for the synthesis of glutathione peroxidase
(Dalto and Matte 2017), thus it is possible that
vit B6 treatment exerted a positive effect on the
glutathione peroxidase (GPx) availability and
contributed to diminish the oxidative damages.
However, as we did not measure GPx activity, this
possible influence is limited to speculation.

The administration of vit B6 immediately
after sepsis induction in rats reduced neutrophil
infiltrate in the liver and lung, diminished the
oxidative damage to lipids and protein in the liver,
and increased CAT activity in the lung at 24 hours
after surgery. In conclusion, vitamin B6 exerts

positive effects in modulating neutrophil infiltrate
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and oxidative stress in peripheral organs of rats
subjected to a model of polymicrobial sepsis.
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