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excelsa) is influenced by a genetic superoxide-
hydrogen peroxide imbalance in healthy humans

Abstract

Some plants are rich in a specific antioxidant that has a glutathione peroxidase -like
effect, such as Brazil nut (BN) (Bertholletia excelsa), rich in selenium. This effect
could be relevant to human health among people with a genetic superoxide anion-
hydrogen peroxide (SA-HP) imbalance caused by a single nucleotide polymorphism
located in the gene of manganese-dependent superoxide dismutase (Vall6Ala-SOD2,
rs4880). The AA genotype results in higher SOD2 levels leading to an increase in
hydrogen peroxide levels related to a risk of some cancers. Because there evidence
suggesting that habitual consumption of fruits and vegetables can minimize this risk,
we hypothesized that BN is beneficial to subjects with genotype AA by decreasing
the basal SA-HP imbalance. We performed an analysis of the acute antioxidant effect
of one-time ingestion of 10 g of BN among healthy adult subjects carrying different
SOD2 genotypes. The results showed differential antioxidant responses according to
genotypes. Subjects AA showed a reduction in lipoperoxidation and DNA damage,
but in these subjects, there was upregulation of thiols and GPX levels at enzymatic
and mRNA expression levels. Taken together, our results corroborate the relevance of
nutrigenetic effects of ingestion of some plants for modulation of the genetic SA-HP
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Introduction

Robust evidence suggests that consumption of fruit and vegetables
represents a protective factor against chronic degenerative disorders,
such as cancer and cardiovascular diseases, because of the antioxidant
properties.! Nonetheless, this antioxidant effect is not universal,

in terms of efficacy against reactive oxygen species (ROS). On the
other hand, antioxidant compounds can have differential specificity to
different ROS types depending on genomic regulation of antioxidant
metabolism.>* This is the case for Brazil nut (BN) Bertholletia excelsa,
which is broadly consumed in the world and is known as one of the
richest sources of selenium (Se), although the concentration of this
chemical element can vary depending on soil conditions.* Because Se
is a cofactor of the antioxidant enzyme glutathione peroxidase (GPX),
BN may improve the GPX-like effect, important for modulation of
some genetic alterations that cause a basal oxidative imbalance in the
cell.

Probably, this is the case for a single nucleotide polymorphism
(SNP) located in the gene of manganese-dependent superoxide
dismutase (SOD2, rs4880), generically named Vall6Ala-SOD2
because it has two alleles (T or C) that change 16 amino acid
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positions to valine (V) to alanine (A) generating three possible
genotypes: VV, AA, and AV (Figure 1). To understand the relevance
of this polymorphism, it is important to point out that mitochondria
continually produce superoxide anion (SA, as a byproduct of aerobic
metabolism), which is a potent ROS. The SOD2 enzyme functions
in mitochondria dismutating SA into hydrogen peroxide (HP). After
that, HP is converted into water and molecular oxygen by GPX, a
selenium-dependent enzyme.’
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Figure 2 Vall6Ala-SOD2 polymorphism encoding, protein synthesis and

enzymatic activation in mitochondria. |. The SOD2 gene is located on
chromosome 6 long arm region 25.3. 2. In the cytoplasm the SOD2 protein
is synthesized in the rough endoplasmic reticulum, being directed to the
mitochondria by the Mitochondrial Target Sequence (MTS). The case is that
in the MTS region a single nucleotide polymorphism (SNP) polymorphism
occurs, involving the exchange of a single nucleotide, occurring the substitution
of a thymine (T) by a cytosine (C) in exon 2, nucleotide 47. Such substitution
affects codon |6, which encodes amino acid 9, resulting in the replacement of
the amino acid valine (GTT) with alanine (GCT). 3.When passing through the
internal mitochondrial membrane pores, the MTS peptide segment is cleaved
by lysosomes, and the mature protein aggregates in an active form becoming
a functional enzyme, however in phenotypic terms, the Ala-SOD2 variant
has an a- helix, thus being easily imported into the mitochondria, resulting
in increased enzymatic activity. The Val-SOD2 variant has a partial B-lamina
structure, which causes it to be partially retained in the pore of the internal
mitochondrial membrane, and therefore the enzymatic activity of this variant
can be 30 to 40% lower than the Ala -SOD?2, the Ala /Val-SOD?2 variant already
has a helical structure with intermediate enzymatic activity.

SOD?2 is produced by a nuclear gene located on chromosome 6,
and in this gene, the V allele produces a B-sheet protein, whereas
the A allele produces an o-helical protein. The A-SOD2 protein gets
into mitochondria easily, increasing the catalysis of SA conversion
to HP. For this reason, it is believed that AA genotype carriers have
a more efficient SOD2 enzyme. On the contrary, the V allele protein
stays partially arrested in the mitochondrial membrane, and for this
reason, it is thought that VV genotype carriers have a less efficient
SOD2 enzyme.® Therefore, the two homozygous genotypes have
different SOD2 efficacy that causes an SA-HP imbalance because the
VV version of the enzyme cannot dismutate SA efficiently into HP,
whereas the enzyme of genotype AA produces higher HP levels than
the VV genotype enzyme does. In this regard, AV is considered an
“SA-HP balanced genotype”.’

This genetic imbalance has been associated with differential
oxidative stress in cells and with a strong inflammatory response for
the AA-SOD2 genotype and a chronic inflammatory response for the
VV-SOD2 genotype.* The AA-SOD2 genotype, or in some cases the
A allele, has been described as a risk factor of some cancer types.>!?
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The main hypothesis to explain this association is related to the fact
that the HP excess generated by A-SOD2 does not trigger an increase
in GPX levels, and this situation poses a major problem because HP
goes to the cytoplasm and reacts with metal ions (Fe, Zn) producing
some dangerous ROS, mainly the hydroxyl radical (HR). There is
no endogenous antioxidant control of HR levels, which needs to be
catalyzed by nonenzymatic molecules mainly obtained from food. If
this control is not efficient, HR could generate extensive DNA damage
(and mutations) because HR has high affinity for this biopolymer."

Nonetheless, additional studies suggest that fruits and vegetables
may minimize the risk of diseases associated with Vall6Ala-SOD2
SNP.!>15 Because fruits contain a large number of polyphenols
and micronutrients with antioxidant action, two studies involving
in vitro analysis were conducted to evaluate the effect of isolated
molecules (resveratrol and seleno-L-methionine, SeMet) on oxidative
modulation of peripheral-blood mononuclear cells (PBMCs) with
different Vall6Ala-SOD2 genotypes.'®!7 The results suggested that,
mainly SeMet can exert a major antioxidant effect in both homozygous
genotypes by modulation of GPX and of other antioxidant molecules.!”

According to Schott’s'” results, we hypothesized that BN has a
beneficial effect on AA genotype subjects by decreasing the basal
SA-HP imbalance. To test this hypothesis, we performed an in vivo
analysis of an acute antioxidant effect of one-time ingestion of 10g
of BN Bertholletia excelsa among healthy volunteers with different
Vall6Ala-SOD2 genotypes.

Materials and methods

Study design and selection of volunteers carrying
different SOD2 genotypes

An open protocol was performed on healthy volunteers carrying
different Vall6Ala-SOD2 genotypes who ingested 10g of BN after
12h fasting. Analysis of levels of oxidative-metabolism variables was
performed and compared between the time point before BN ingestion
and 2h after its ingestion.

The study was conducted according to the guidelines laid down
in the Declaration of Helsinki, and all procedures were reviewed and
approved by the Federal University of Santa Maria Ethics Committee
(CAEE number 23081.015838/2011-10). Written informed consent
was obtained from all the volunteers. The volunteers were selected
from a databank containing 160 subjects enrolled from the university
community with ages ranging from 18 to 30 years, who were previously
genotyped on Vall6Ala-SOD2. It is important to point out that some
volunteers participated in prior studies by donating blood samples
for in vitro protocols.'*'® These subjects were previously SOD2-
genotyped by the protocol described elsewhere.'® Briefly, genomic
DNA was isolated from peripheral-blood leukocytes using the DNA
Mini Kit Purification (Mo Bio). SOD polymorphism was detected by
PCR with restriction fragment length polymorphism (RFLP) analysis.
The amplification primers (Gibco Inc, Co.) used for SOD2 genotyping
were designed to amplify a 110-base pair (bp) fragment of the human
SOD2 gene: 5-ACCAGCAGGCAGCTGGCGCCGG-3" (sense
strand) and 5'-GCGTT GATGTGAGGTTCCAG-3' (antisense strand).
The final PCR product (10ul) was digested with Hae III (Gibco. Inc,
Co.) producing two bands (23 and 85bp) visualized on a 4% agarose
gel stained with ethidium bromide (Amersham Biosciences Inc,
Co). Genotype detection was made by gel band analysis: VV=100
bp; AA=23 and 85bp, and AV=23, 85, and 110bp bands. In the all
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databanks, the SOD2 genotypic frequency was as follows: AA=51
(31.7%); VV=32 (20.5%), and AV=77 (47.8%). When a databank was
structured, genotype frequencies observed among the volunteers were
in Hardy—Weinberg equilibrium.

To carry out the protocol, we chose 6 subjects carrying each
genotype (total n=18, 6 males, 12 females). The inclusion criteria
for samples in this protocol were as follows: only subjects without
a history of diseases and disorders that could influence the results,
e.g., coronary heart disease, stroke, neoplasias, overweight, and
obesity (body mass index, BMI>25kg/m?), type 2 diabetes, metabolic
syndrome, as well as subjects taking any medication regularly.
Smokers and pregnant women were also excluded from the analysis.
Subjects that had any infection in the last month, or even inflammation,
fever, metabolic stress, allergy to oleaginous food, or gastrointestinal
disturbances were excluded too. Besides, we excluded subjects that
self-reported intensive physical activity in the same period.

Finally, a biochemical analysis of the lipid profile, glycemia,
and of some oxidative and inflammatory parameters was conducted
among the subjects carrying different Alal6Val-SOD2 genotypes by
means of blood sample collection after 12h of fasting. In this analysis,
18 persons with different SOD2 genotypes (6 for each genotype)
that had similar mean values of these biochemical parameters were
finally selected to participate in the experimental protocol. Plasma
was used to determine the levels of fasting glucose, total serum
cholesterol, and triglyceride concentrations by standard enzymatic
methods by means of Ortho-Clinical Diagnostics® reagents on a fully
automated analyzer (Vitros 950®dry chemistry system; Johnson &
Johnson, Rochester, NY, USA). High-density lipoprotein cholesterol
was measured in the supernatant (plasma) after the precipitation
of apolipoprotein B—containing lipoproteins with dextran sulfate
and magnesium chloride as described previously.! Low-density
lipoprotein cholesterol was estimated with the Friedewald equation.?
A high-sensitivity C-reactive protein (hs-CRP) assay was conducted
by nephelometry (Dade Behring, Newark, DE, EUA). Biochemical
analysis of parameters associated with oxidative metabolism was
performed in blood samples collected from the subjects under study.
Table 1 presents baseline characteristics of the volunteers included in
the intervention analysis.

Table | Baseline characteristics biomarkers of healthy volunteers with
different Alal 6Val-SOD2 genotypes

Variables AA MeantSD AV MeantSD VV MeantzSD
BMI (Kg/m?) 22.6+1.3 224+1.3 225+ 4
Cholesterol total - (g ¢ 45 50 237.7+63.4° 204.8+58.6"
(mg/dL)

HDL-c (mg/dL)  48.149.5: 49.3+13.40 47.0£13.9°
LDL-c (mg/dL)  85.1433.8° 114.2452.4° 119.1455.8°
I[i)g'yce”des (Mg 0584543 159.9+74.4° 118.4+72.1°
Glucose (mg/dl)  84.4%9.4° 85.1+8.4° 101.4+7.3°

SD, standard deviation; Comparison among genotypes was performed by
Two way ANOVA analysis of variance followed by Bonferroni post hoc test. ¥,
statistical differences where p<0.05.

During this first selection, volunteers were contacted and invited to
participate in the protocol 2 weeks before BN consumption and data
collection. The experimental protocol was explained in detail to all
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the volunteers; they were instructed to not consume antioxidant foods
(vegetables, salads, fruits, and juices and foods rich in selenium such
as eggs, egg yolk, cereals, and organ meats) throughout 24h of the
blood sampling. In Brazil, the main daily meal takes place at noon; for
this reason, the volunteers were advised to consume this meal in the
15 days immediately before the experiment at the university cafeteria,
which provided a nutritionally balanced meal.

The general intervention protocol

When the volunteers arrived in the Biogenomic Lab located on
the UFSM campus, 12 basal fasting blood samples were collected by
venipuncture using top Vacutainers (tubes with heparin). Immediately
after the first blood sample collection, the volunteers ingested 10g
of BN with 150mL of filtered cold water and remained at rest for
2h when the second blood collection was made. The 2h interval was
chosen to avoid the ingestion of other foods or liquids that could
influence the results. In this case, a longer waiting period would cause
hypoglycemia and hypotension, as well as metabolic stress causing
discomfort to the volunteers and some potential alteration of oxidative
metabolism.

BN: origin, nutritional characteristics, and preparation

The BNs consumed by volunteers were obtained in Manaus city,
Amazonas state, and had the following estimated bromatological
characteristics per 10 g as described in the Brazilian Table of Food
Composition (TACO)?' calories=67kcal; total fat=6.7g; saturated
fat=1.9g; polyunsaturated fat=2.5g monounsaturated fat=2.5g;
total carbohydrates=1.0g; total protein=1.4g; dietary fiber=0.7g;
sodium=0.4mg; potassium=66.7mg; calcium=1.8%; iron=1.4%.
To ensure that each volunteer ingested a similar quantity of BN
(10g), BNs were stung, weighed, and stored in a plastic bag until
consumption. This procedure was done 30 min before the beginning
of the blood collection to avoid oxidation of BN. This procedure was
done aseptically.

ROS production assay

ROS production was determined using a nonfluorescent cell-
permeating compound called 2-7-dichlorofluoresceindiacetate
(DCFDA)." In this assay, DCFDA is hydrolyzed by intracellular
esterases to DCFH, which is trapped within the cell. This nonfluorescent
molecule is then oxidized to fluorescent dichlorofluorescein (DCF) by
cellular oxidative factors. After the designated treatment period, the
plasma blood was treated with DCFDA (10uM) for 60 min at 37°C.
The fluorescence was measured via excitation at 488 nm and emission
at 525 nm on a microplate reader (SpectraMax M2e, Molecular
Devices, Austria).

Free double-stranded DNA (dsDNA) assay

Prior evidence revealed that higher levels of dsDNA in the plasma
are associated with inflammatory and oxidative status due an increase
in mortality of blood white cells, and Cadona et al.,> showed that
pro-oxidant and antioxidant conditions can quickly change dsDNA
concentrations because in a pro-oxidant environment, there could be
an increase in the number of dead cells, whereas in an antioxidant
environment, a delay in cell mortality may occur. Therefore,
quantification of free plasma dsDNA was performed according to the
protocol of Costa et al.® Briefly, 10ul samples of plasma obtained
from different volunteers were added into wells of a 96-well black
plate together with reagents from the Quant-iT™ PicoGreen®
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Kit purchased from Invitrogen (Eugene, OR, USA) and diluted
in TE buffer (10mm Tris-HCL, 1mm EDTA, pH 7.5) with reagents
obtained from Sigma-Aldrich (St. Louis, MO, USA). Then, 90ul of
the PicoGreen dye diluted 1:200 in Tris-HCI EDTA (TE) buffer was
added to the microplate to attain a final volume of 100ul per well.
Following incubation in the dark for Smin at room temperature, the
fluorescent signals of the samples were measured at 480 nm excitation
and 520nm emissions on the microplate reader (SpectraMax M2e,
Molecular Devices, Austria).

Quantification of protein carbonylation, thiol groups,
and lipoperoxidation

Protein carbonyls were measured according to the method
described elsewhere.? Differential colorimetric formation was
measured at 370nm. Results were expressed in nanomoles of carbonyl
groups per milligram of protein. Thiol groups were colorimetrically
determined as described by Ellman.”® Both measurements were
conducted on a microplate reader (SpectraMax M2e, Molecular
Devices, Austria). Lipoperoxidation was spectrophotometrically
estimated by the formation of thiobarbituric acid reactive substances
(TBARS), as described by Jentzsch et al.?

Activity of antioxidant enzymes

Analysis of treatment effects on the endogenous antioxidant
enzymes SOD, CAT, and GPX was performed using commercial kits
specific to each enzyme (Sigma-Aldrich).

Statistical analyses

These analyses were performed in the Graph Pad Prism software,
version 5. General comparison between samples before and after BN
ingestion was performed by Student’s paired ¢ test. Comparison of
different Vall6Ala-SOD2 genotypes in terms of oxidative variables
evaluated here was performed by two-way analysis of variance
followed by the Bonferroni post hoc test. Data with p values <0.05
were considered statistically significant.

Results

Basal oxidative-metabolism variables were determined and
are shown in Table 2. As for pro-oxidant molecules, VV genotype
subjects had higher lipoperoxidation and protein carbonylation
levels than A allele subjects, whereas A allele subjects showed higher
dsDNA plasma levels than subjects of the VV genotype did. Thiols,
nonenzymatic antioxidant molecules, were also influenced by SOD2
genotypes, because VV genotype subjects showed higher levels of
this molecule than subjects with the AA genotype did. In addition,
antioxidant-enzyme levels were strongly influenced by the SOD2
polymorphism. Total SOD levels were higher in volunteers with the
AA genotype than in the other subjects. On the contrary, GPX levels
were higher in volunteers with the VV genotype than in A allele
subjects. CAT showed some differential levels according to the three
genotypes: genotype AA was associated with higher levels of this
enzyme followed by the VV genotype, whereas heterozygous subjects
(AV) showed lower CAT levels.

A general comparison of oxidative-metabolism variables without
considering the SOD2 SNP polymorphism revealed that 2h after BN
ingestion, SOD, GPX, ROS, protein carbonylation, and dsDNA levels
did not change significantly when compared to fasting values. By
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contrast, CAT, total polyphenol levels, and thiols showed upregulation
relative to fasting values. Lipoperoxidation evaluated by the TBARS
assay was lower when compared to fasting values (Table 3).

Table 2 Comparison among basal oxidative metabolism variables of healthy
volunteers carrying different Val| 6Ala-SOD2 genotypes

Variables AA AV v

MeantSD  MeantSD  MeantsD P
Protein carbonyl ) (5. 1.7 20.6° 2.3+0.20 0.02
(nmol/mg protein)
TBARS (nmol/mL)  5.3+2.4* 5.6+2.9° 8.8+3.8° 0.03
dsDNA (pg/mL) 38.5+4.4° 403+2.4 3304318 0.04
ROS (DCF nmol/ 45 74391 50.12.0° 51437 054
mL)
Polyphenols (mg/ 39, s 45£0.5° 44+ 0.48
mL)
Thiol Groups 10.543.4° 16.621.8 225435 <0.00l
(mM/mL plasma)
SOD (USOD/mg 37,4 s 2.70.1° 2.620.1° 0.0l
protein)
GPX-1 (pmol of
oxidized NADPH/ ~ 1.240.2: 1.3£0.2° 1.8£0.1b 0.03
min/mg/protein)
CAT (nmol of
H,0,/min/mg 1.940.3° 1.020.1b 1.3£0.1¢ 0.0l
protein)

SD, standard deviation; Comparison among genotypes was performed by
Two way ANOVA analysis of variance followed by Bonferroni post hoc test.
Different letters indicate significant differences (p<0.01) among genotype in
each variables analyzed here.

Table 3 General modulation of fasting oxidative metabolism variables after
2h Brazilian nut ingestion

Variables (% fasting values) MeantSD P

Protein carbonyl 98.5£12.2 0.63
TBARS 92.3+3.8 0.02
dsDNA 96.6+4.2 0.07
ROS 96.616.1 0.08
Polyphenols 113.6+4.2 >0.01
Thiol Groups 121.6+5 >0.01
SOD 102.7+3.18 0.48
GPX 107.3+13.2 0.4
CAT 132.3%10.7 >0.001

SD, standard deviation; Statistical comparison between fasting and 2h Brazilian
nut ingestion was performed by Student t test and results are presented as %
of fasting control values.

The effect of the Vall6Ala-SOD2 SNP on oxidative-metabolism
modulation by BN ingestion was assessed next. In relation to pro-
oxidant markers, BN ingestion did not affect ROS and protein
carbonylation levels in the volunteers carrying different SOD2
genotypes. Nevertheless, a lowering effect on TBARS and plasma
dsDNA levels was observed in AA genotype subjects after BN
ingestion, whereas this result was not obtained in subjects with the V
allele (Figure 2).
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As for antioxidant markers (Figure 3), thiol levels increased
significantly only in A allele subjects when compared to fasting levels.
In this case, genotype AA was associated with higher thiol levels than
genotype AV was. On the other hand, the increase in polyphenol levels
after BN ingestion was similar among the three genotypes (Figure
4A). BN ingestion did not affect basal SOD levels in subjects carrying
different SOD2 genotypes. Although the GPX enzyme level was
higher in subjects with genotype AA after BN ingestion, this effect
was not observed in subjects carrying the V allele. A notable increase
of CAT levels was observed in subjects with genotype AV after BN
ingestion. Subjects with genotype VV also revealed an increase in
the levels of this enzyme, but the effect was smaller than that in the
AV genotype subjects. On the contrary, in AA genotype subjects, the
levels of the CAT enzyme were not affected by BN ingestion (Figure
4B).

B ROS
B TBARS

= FC
B dsDMA

150+

Ouidative markers (%of control)

AR AV VY AR AV WY AR AV WV AR AW WY
Vali6Ala-50D2 Genotypes

Figure 3 Oxidative Markers- Statistical comparison between fasting and
2h Brazilian nut ingestion was performed by Student t test and results are
presented as % of fasting control values.
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Figure 4 Antioxidant markers A- Non-enzymatic antioxidants. B-Antioxidant
enzymes- Statistical comparison between fasting and 2h Brazilian nut ingestion
was performed by Student t test and results are presented as % of fasting
control values.

Discussion

The present study describes the acute effect of BN ingestion among
healthy volunteers carrying different Vall6Ala-SOD2 genotypes. The
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antioxidant BN effects were strongly influenced by a genetic SA-HP
imbalance. Before we discuss the nutrigenetic effects observed here,
it is important to point out that, to the best of our knowledge, the
acute effect of BN ingestion on blood oxidative markers has not been
previously reported in the literature. In fact, most of existing studies
deal with other biological properties of BN, such as anti-inflammatory
and hypolipemiant action on healthy volunteers?” and an antioxidant
effect on obese women?® and hemodialysis patients.”

In our study, BN ingestion significantly increased total blood
polyphenol levels, independently of SOD2 SNPs. This result could
be expected because BN in its nutritional matrix contains known
polyphenol molecules such as gallic acid, protocatechuic acid,
(+)-catechin, and p-coumaric acid.*® BN also contains other lignan
polyphenol molecules, such as matairesinol and secoisolariciresinol.’!
Because total polyphenol levels increased in a similar way among the
three genotypes, it seems that other differences related to BN effects
on oxidative metabolism among the volunteers are probably not
related to polyphenol absorption.

In contrast to total polyphenol levels, other oxidative metabolic
variables analyzed here were directly affected by SOD2 SNPs. Given
that homozygous genotypes showed a basal SA-HP imbalance, we
believe that initially, it would be convenient to discuss our results by
considering each genotype separately.

It is important to point out that the V allele also causes SA-
HP imbalance, in particular, VV-SOD2 genotypes have been
associated with the risk of some metabolic disorders, such as
hypercholesterolemia, obesity, and cardiovascular diseases**¢ and
with type 2 diabetes mellitus complications.’” The explanation for the
increase in the susceptibility to these disorders in the VV genotype
is that VV genotype cells maintain high basal SA levels that quickly
react with nitric oxide (NO) producing extensive alterations in
the cells because lipoperoxidation-derived protein carbonylation
generates other ROS types.*® Nevertheless, the imbalance associated
with the VV genotype is chemically different from that associated with
genotype AA because it generates higher SA levels than HP levels.

As mentioned above, the AA genotype is strongly associated
with elevated HP levels because a greater quantity of SOD2 gets into
mitochondria. In contrast, due to a noncompensatory GPX action, it
seems that AA genotype subjects have higher HP basal levels than
subjects with genotype VV or AV. This phenomenon is the causal
mechanism postulated to explain epidemiological results that suggest
that the A allele increases the risk of some cancers.'*3? We believe
that our results support this hypothesis, given that we observed higher
fasting CAT levels in AA genotype subjects than in subjects with
genotype AV or VV. This is an indirect HP evaluation, which may
be valid because CAT is a crucial enzyme protecting the cell against
high HP levels and works mainly in peroxisomes and the cytoplasm.
Total levels of the SOD enzyme were also higher in AA genotype
subjects than in subjects with the V allele, probably owing to higher
active SOD2 concentrations in AA genotype subjects, as previously
described by Shimoda-Matsubayashi et al.®

When AA genotype subjects ingested BN, we observed substantial
elevation of thiol levels. This effect was weaker in AV genotype
subjects, whereas subjects with genotype VV did not show changes
in thiol levels after BN ingestion. It is relevant to point out that thiols
are molecules that act as antioxidants, stabilizing free radicals by
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accepting their unpaired electron. Thiols are directly related to GSH
and GPX function for maintenance of the reduction-oxidation (redox)
balance within body tissues. The AA genotype is directly associated
with greater metabolic HP production due to higher SOD?2 efficiency
Jones.*

Moreover, AA genotype subjects did not manifest alterations
in the SOD and CAT levels after BN ingestion, but we observed a
significant increase in GPX activity. GPX is an antioxidant enzyme
responsible for catalysis of HP conversion into water in mitochondria.
These results are plausible because GPX is a Se-dependent enzyme.
Selenium (Se) is an essential micronutrient for humans, acting as a
component of noncanonical amino acids: selenocysteine (Se-Cys) and
selenomethionine (Se-Met). Supplementation of tissue culture media
or animal or human diets with moderate levels of Se compounds may
prevent formation of DNA adducts, DNA or chromosome breakage,
and chromosome gain or loss. Protective effects on mitochondrial
DNA have also been shown, as is the case for the effects on telomere
length and function. Some of the effects of Se compounds on gene
expression may be related to modulation of DNA methylation or
inhibition of histone deacetylation.*' It is important to highlight that,
in our study, volunteers received 10 g of BN, which approximately
corresponds to the recommended daily allowance for Se.*

Under basal conditions, subjects with the AA or AV genotype
showed higher dsDNA levels than VV genotype subjects did. The
dsDNA quantification has been used to evaluate inflammatory
status of some chronic and infectious diseases,”* and especially in
sperm cells, high dsDNA levels have been associated with oxidative
stress markers and infertility.”**¢ In one study reported by Costa et
al.,*’ the authors showed that sperm carrying homozygous SOD2
genotypes (AA and VV) have higher dsDNA levels than sperm with
the AV genotype. Nonetheless, in our blood samples, basal dsDNA
concentration was found to be higher in AA genotype subjects relative
to VV genotype subjects, but only in AA genotype volunteers, did
we notice a drop in the levels of this marker after BN ingestion.
Moreover, BN ingestion by AA genotype volunteers had a lowering
effect on lipoperoxidation and dsDNA levels, thereby indicating a
direct acute antioxidant effect. This effect is consistent with the data
of Schott et al.,'” who conducted an in vitro study testing the SeMet
effects on PBMCs of various Vall6Ala-SOD2 genotypes. Those
authors observed a decrease in TBARS levels after SeMet exposure
of AA genotype PBMCs.

Taken together, these results suggest that in subjects with the
AA genotype, BN ingestion helped to balance the endogenous
oxidative metabolism by increasing thiol levels and GPX levels and
by decreasing lipoperoxidation and cellular fragmentation, which are
relevant oxidative markers.

In relation to the VV genotype under basal conditions, the subjects
carrying this genotype showed higher levels of lipoperoxidation-
derived protein carbonylation and ROS, but also higher levels of
thiols and the GPX enzyme than those in subjects with genotype AA.
As mentioned above, the VV genotype is related to higher SA levels
because of lower efficiency of the SOD2 enzyme. This genotype’s
association with metabolic diseases is based on the hypothesis
that excess SA reacts with NO thereby producing key nitrosative
molecules such as peroxynitrite, that are responsible for increased
lipoperoxidation, protein carbonylation, and other oxidative damage
to the cell.” Therefore, the elevated levels of basal oxidative markers
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under study support this hypothesis. Nevertheless, when VV genotype
subjects ingested BN, they did not show an increase in thiols or in
SOD and GPX levels, but manifested slight upregulation of the CAT
enzyme. Any oxidative markers tested here were acutely affected by
the BN ingestion in VV genotype subjects.

In general, AV genotype subjects had similar basal levels of some
oxidative-metabolism variables relative to AA genotype subjects,
e.g., protein carbonylation, lipoperoxidation, and GPX activity.
Only SOD activity was similar to that in subjects with the VV
genotype, whereas thiol and CAT levels showed intermediary levels
between homozygous subjects. Nonetheless, the BN effect was not
as pronounced as that observed in AA genotype subjects. In fact,
levels of thiols revealed intermediary elevation when compared to
AA genotype subjects. On the other hand, BN induced higher CAT
levels in heterozygous subjects. Additionally, strong up regulation
of this enzyme was reported by Schott et al.,'” when AV genotype
PBMCs was exposed to SeMet. This similarity suggests that some Se
effects may explain our BN effects. Unfortunately, at present, it is not
possible to offer a reasonable explanation of this BN action on CAT
levels for the AV genotype.

Conclusion

In summary, our results show nutrigenetic BN effects helping
people with the AA genotype to decrease the genetically caused HP
levels. Because this study has some important limitations including
the low number of volunteers, analysis of few oxidative-metabolism
parameters, and a protocol that was focused only on the acute BN
effect, additional studies are needed to clarify the BN effects on other
biochemical pathways. Moreover, we cannot ignore the fact that
BN’s antioxidant effects may manifest themselves 2 h after the first
ingestion in all volunteers. For this reason, considering the nutritional
properties of BN and that most people did not know their genetic
profile regarding Vall6Ala-SOD SNP, habitual consumption of BN
may help to decrease the cancer risk in persons with the AA genotype.
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