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Abstract

Flaxseed (Linum usitatissimum L.) is composed mainly of bioactive components such as polyphe-
nols, polyunsaturated fatty acids, fiber and lignans. Flaxseed can be found in different presenta-
tion forms (grain or flour) and varieties (brown or golden); however, questions have arisen as to
whether the presentation form and/or variety may influence the health effects. The objective of
this study was to evaluate the effects on blood pressure, anthropometric and oxidative parameters
in healthy human volunteers. All subjects received 40 gram aliquots of flaxseed and were in-
structed to consume them in their entirety mixed with water in the morning for a period of 14
days. Oxidative parameters showed significant reductions (p < 0.05) in oxidative damage to li-
pids and proteins via dietary intervention with golden flaxseed grains. There were no significant
differences in anthropometric parameters, blood pressure, DNA damage and micronuclei fre-
quency after 14-day supplementation. This research indicates that golden flaxseed grains can be
a valuable adjunct for disease prevention and protecting the organism against oxidative dam-
age.
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1. Introduction

Flaxseed (Linum usitatissimum L.) is a functional food that has been studied extensively because of its antioxi-
dant properties, its ability to lower blood lipid levels, and its potential effects on cardiovascular disease (CVD)
risk reduction, mainly due to its high content of polyunsaturated fatty acids (mainly alpha-linolenic acid), so-
luble fiber and lignans [1]. The major lignan in flaxseed, secoisolariciresinol diglucoside (SDG), has gained sig-
nificant attention in nutritional and functional food studies due to its substantial biological activities. To our
knowledge, no study to date has compared the differences in metabolic effects between the two presentation
forms (grain and flour) of brown and golden flaxseed in healthy volunteers. Thus, the aim of this study was to
evaluate the effects of 14-day supplementation of flaxseed of different presentations (grain or flour) and varie-

ties (brown or golden) on blood pressure, anthropometric and oxidative parameters.

2. Materials and Methods

2.1. Chemicals

All reagents were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

2.2. Plant Material

Brown and golden flaxseed were obtained from Cerélus Company (ljui, State Rio Grande do Sul, Brazil) on
February of 2012. Table 1 shows the nutritional information for 40 g of brown and golden flaxseed, according

to the product packaging.

Table 1. Nutritional information of brown and golden flaxseed used in this protocol.

Group/Compound
Energetic Value (Kcal)
Carbohydrates (g)
Protein (g)

Total Fat (g)
Saturated Fat (g)
Trans Fat (g)
Monounsaturated Fat (g)
Polyunsaturated Fat (g)
Cholesterol (g)
Alimentary Fiber (g)
Omega—3 (9)
Omega—=6 (9)
Omega—29 (9)
Sodium (mg)
Magnesium (mg)
Phosphorus (mg)

Iron (mg)

Brown Flaxseed (in 40 g meal)
216.0
12.0
10.4
14.0
0.0
0.0
3.2
8.56
0.0
5.6
7.6
2.0
24
0.0
120.0
280.0
7.2

Golden Flaxseed (in 40 g meal)
188.0
13.2
8.0
13.2
1.36
0.0
3.2
8.56
0.0
10.8
6.8
20
3.2
0.0
148.0
200.0
2.40
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2.3. Phytochemical Analysis of Flaxseed (in Vitro)

Brown and golden flaxseeds were macerated in ethanol-water (70:30 v/v) in the dark and at room temperature
for 7 days with daily agitation prior to a phytochemical analysis. Our testes included the determination of total
polyphenolic content [2] and the determination of flavonoids [3].

2.4. Selection of Volunteers

Sixty non-smoking individuals of both sexes, between the ages of 17 and 34 years, were recruited at Uruguaiana
and enrolled in the study between March 2012 and April 2012. Participants had to not have hypertension, not be
on regular medication, use no antioxidant or mineral supplementation and have no previous history of stroke,
myocardial infarction, angina, diabetes mellitus, cancer or any illness that had required hospitalization during
the previous 12 months. Female volunteers were excluded if pregnant, lactating or on hormone replacement
therapy. At the end of the study, a total of fifty-four individuals remained.

2.5. Ethical Issues
This study, (Protocol N°. 069/2011), was approved by CEP of Unipampa. All participants signed a consent form.

2.6. Experimental Design

Sixty participants were randomly assigned into one of five independents groups: control group (without supple-
mentation), brown flaxseed (flour or grain) and golden flaxseed (flour or grain) supplementation groups. The
control group comprised twelve individuals, who maintained regular diets and received no supplementation. The
purpose of this group was to eliminate laboratory abnormalities unrelated to the experimental protocol. The oth-
ers groups received 40 gram aliquots [4] of their respective forms and varieties of flaxseed for daily use for a
period of 14 days [5]. Subjects were instructed to consume the raw flaxseed mixed with water every morning in
the experimental period. All groups were instructed to maintain their usual physical activities and food intake.

2.7. Anthropometric and Pressure Parameters

At the beginning of the study, all participants had their height measured. The weights were evaluated at the be-
ginning and end of test period. BMI was calculated using the equation BMI = weight (kg)/height® (m?). Blood
pressure was checked from the right arm with the participant seated, after a 4 - 5 minutes rest by a person trained
to carry out the process in a reproducible way. We use a digital manometer to perform these measures.

2.8. Blood Sample Collection

Fasting blood samples were taken at day “0” and day “14”, always between 7:00 and 9:00 a.m. Blood was
drawn from the antecubital vein into prechilled tubes containing EDTA and Li-heparin and tubes without anti-
coagulant (Vacutainer-Becton, Dickinson and Company. Trenton, NJ, USA). The blood in tubes without anti-
coagulant stays at room temperature for 30 minutes to clot. The plasma and serum were obtained after centrifu-
gation of blood samples at 1500 xg for 10 min and analyzed immediately.

2.9. Analysis of Oxidative Parameters

The oxidative parameters such as lipid peroxidation [6] and carbonyl protein content [7] were measured in
plasma using spectrophotometric methods. The assessment of DNA damage was made by comet assay [8] and
frequency of micronuclei [9] in leukocytes of whole blood. The activities of catalase [10], superoxide dismutase
(kit RANSOD-RANDOX Brasil LTDA, Belo Horizonte, MG, Brazil) and glutathione peroxidase (kit RANSEL
-RANDOX Brasil LTDA, Belo Horizonte, MG, Brazil) were measured in erythrocytes.

2.10. Statistical Analysis

Data were expressed as mean * standard deviation (SD). Comparisons between groups were performed using a
two-way analysis of variance (ANOVA), followed by a post-hoc Bonferroni for multiple comparison tests. Re-
sults were considered statistically significant when p < 0.05.
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3. Results
3.1. Phytochemical Analysis

Table 2 shows the polyphenols and flavonoids present in the flaxseed. Brown flaxseed presented a slightly
higher polyphenol level than golden flaxseed and there was no difference between flour and grains. However,
the amount of flavonoid was 2.6 times higher in brown flaxseed grains than brown flour and 1.5 times higher in
golden grains than golden flour.

3.2. Anthropometric Parameters and Blood Pressure
Table 3 shows the anthropometric parameters and blood pressure of the volunteers on days 0 and 14. There
were no significant differences (p < 0.05) in these parameters during the study period.

3.3. Oxidative Parameters

Figure 1 shows the results of biomarkers of oxidative damage, before (day 0) and after 14 days of supplementation
(day 14). There were no significant changes in oxidative parameters in the control group during the trial period.
The ingestion of brown or golden flaxseed grain over 14 days caused a reduction of lipid peroxidation in the or-

(7] c
8 1.25- a 3
3‘ _ o a a a
o o a a 100+ —
£ 1.004 s
g 1’ b % b 2 g0
w 075 —_ — E
2 g 60
- 0.50 o
3 & 40 b
= (.25 2
6 o b
3 g 20+
% 0.00 T T T T T T T T T T (&) I%I
R O O s
o@ﬁ lsx o@“\ Q@* 0:5\ f$\ otb“\ Q* 'orb 00,\ S 0 T T T T T T T ;‘ Q| b:
N
o@@‘é&@éé&“é z o&@o@@o&&o@&o’ﬁ's\
& & ¢ & L& o ‘5‘ g0 o & &
S EE TL FE 0
F s
@) (b)
6+ b b 2.50-
5 @ 2.25- a
E a § 2.00
£ 44 o 1.754
[} (5]
£ 1.50-
g 31 z 1.25-
© ° ’
a 2] 3. 1.00+
< S 0.754
-4 ° .
o 14 3  0.50-
|%| S 0254
0 T T T T T T T 000_
Q Q Q bt
bn Q b&
,*Q&o@oﬁo@@o@*@o@*@ 0@@0@@@@0@@@@
S &L Qoqﬁ“é ©gon E & o g o K & o &
GOQ OQ Q o O(\Q (\‘O & ‘( QQ (( I OQ
19 &
(© (d)

Figure 1. Oxidative damage markers in healthy volunteers in trial period. In () lipid peroxidation levels; (b) carbonyl pro-
tein contents; (c) DNA damage index; (d) frequency of micronuclei. Data are expressed as means + S.D. Different letters
means statistically different results. Legend: BFG: Brown Flaxseed Grain; BFF: Brown Flaxseed Flour; GFG: Golden Flax-

seed Grain; GFF: Golden Flaxseed Flour.



L. ZuravsKi et al.

Table 2. Phytochemical analysis of brown and golden flaxseed used in this protocol.

Group Brown Flaxseed Flour™ Brown Flaxseed Grain” Golden Flaxseed Flour” Golden Flaxseed Grain”
Polyphenol 15970 £ 912 15940 + 863 10550 + 749 10560 £ 839
Total flavonoids 5050 + 434 13360 + 748 6234 £ 673 9740 £ 642

“In pglg of flaxseed. Data from the preparations are expressed as means + S.D (n = 3).

Table 3. Anthropometric and pressure parameters of the volunteers in trial period.

Control Group

Brown Flaxseed Flour

Brown Flaxseed Grain

Golden Flaxseed Flour

Golden Flaxseed Grain

Parameters
Day 0 Day 14 Day 0 Day 14 Day 0 Day 14 Day 0 Day 14 Day 0 Day 14

Total 12 volunteers 8 volunteers 12 volunteers 10 volunteers 12 volunteers
Volunteers

Male
Volunteers 7 8 6 4 5

Female
Volunteers 5 5 6 6 7
Medium Age 23 years 24 years 23 years 23 years 26 years

(in Years) (17 - 32 years) (17 - 33 years) (18 - 32 years) (17 - 34 years) (18 - 33 years)
Body Mass

Index 23.74+400 2326+435 23.09+233 2316%221 2439+567 2427+546 22.89+454 23.06+4.49 23.62+415 23.58+4.07

(BMI, in Kg/m?)

Systolic

Pressure 129.00 +£15.81 126.05+10.73 131.3+17.27 121.3+1553 126.7 +14.35 1158 +10.84 128.8+9.91 126.0+11.74 123.3+1.55 114.2 +15.64
(in mmHg)

Diastolic

Pressure 84.17+11.81 80.97+874 85.00+1378 81.26+11.26 83.33+9.84 74.17+7.93 84.44+8.81 83.33+10.00 77.50+8.66 69.17 +7.93
(in mmHg)

Data are expressed as means + S.D. In all parameter evaluated, there were no statistically different results in the column.

der of 44.37% + 16.6% and 54.88% + 20.8% respectively. Similar result was not observed in the ingestion of
brown or golden flaxseed flour (Figure 1(a)). In Figure 1(b) significant reductions (p < 0.05) in protein car-
bonyl levels can be seen. Figure 1(c) and Figure 1(d) show the results of the comet assay and micronuclei test,
respectively. There were no significant changes (p < 0.05) in these two tests which both assess genetic damage.
Figures 2(a)-(c) show the activity of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPXx), respectively. These enzymatic parameters showed no alterations.

4. Discussion

Epidemiologic and clinical evidence supports the beneficial effect of flaxseed consumption in adult individuals.
To our knowledge, no study to date has compared the presentation forms (grain or flour) while examining the
metabolic effects of the intake of brown and golden flaxseed in healthy volunteers. In this study, the participants’
blood pressure and BMI were within the normal range for healthy people, according to Stahl et al. [11]. No sig-
nificant differences were observed in these parameters during the study period. These findings are consistent
with studies by Stuglin and Prasad [12] who found no significant differences in blood pressure during a 4-week
intervention using 32.7 g/day of flaxseed.

Oxidative stress is a condition resulting from an imbalance between production and inactivation of reactive
oxygen species (ROS) and it plays an important role in the pathogenesis of several diseases [13]. ROS attack
unsaturated fatty acids in biological membranes, resulting in lipid peroxidation as well as desaturation of pro-
teins and DNA. Many functional foods have been studied for their capacity to reduce the oxidative damage and
flaxseed has been shown to produce antioxidant effects in human and animal model studies [5] [14].

Lipid peroxidation is a complex process that involves the interaction of ROS with polyunsaturated fatty acids
of cell membranes, resulting in the formation of hydro or lipoperoxides, which are highly reactive and can in-
itiate an oxidative cascade, with severe damage to the integrity of the membrane [15]. The decrease in MDA le-
vels after flaxseed supplementation demonstrates a reduction in lipid peroxidation in both GFG and BFG groups.
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Figure 2. Oxidative defenses markers in healthy volunteers in trial period. In (a) superoxide dismutase activity; (b) catalase

activity; (c) glutathione peroxidase activity. Data are expressed as means + S.D. Different letters means statistically different
results. Legend: BFG: Brown Flaxseed Grain; BFF: Brown Flaxseed Flour; GFG: Golden Flaxseed Grain; GFF: Golden

Flaxseed Flour.
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In agreement with these findings, a study by Prasad [16] demonstrated a reduction in serum MDA levels in
hypercholesterolemic rabbits after treatment with a flax lignan complex isolated from flaxseed, suggesting that
these substances are responsible for the observed effects. Furthermore, one type of flaxseed lignan, SDG, exhi-
bited antioxidant activity by either direct radical scavenging or by inhibition of lipid peroxidation [17]. In our
study, the results are probably related to the greater amounts of flavonoids (Table 2) and polyunsaturated fatty
acids (PUFA), found in the flaxseed grains, suggesting that these compounds are responsible for the reduction in
lipid peroxidation. It has been well established that flaxseeds containing PUFA are highly susceptible to oxida-
tive deterioration. This oxidative deterioration results in decreased nutritional quality. Thus, the absence of ef-
fects on supplementation with flaxseed flour could be related to the oxidative deterioration of biological com-
pounds due to processing and to the flour’s low flavonoid content [18] [19].

The oxidative modifications of proteins caused by ROS primarily affect amino acid side chains and carbonyl
group formation is one product of these modifications [20]. The results of this study, show a decrease in protein
carbonyl levels after supplementation with flaxseed grains, indicating a reduction in oxidative protein changes.
However, this effect was not observed with the use of flaxseed flour. Chang et al. [21] demonstrated a reduction
in protein carbonyl levels after dietary intervention with a high content of polyphenols, suggesting that they are
responsible for protection against oxidative damage to proteins. As previously mentioned, the PUFA content and
greater amounts of flavonoids found in flaxseed grains suggest that these compounds are responsible for the re-
duction in protein carbonyl levels observed in this study.

In addition to lipid and protein oxidation, reactive species can also cause DNA damage. The impacts include
damage and fragmentation of the DNA bases and, if not repaired, may lead to chromosomal mutations that dis-
rupt the normal gene expression and create abnormal proteins that are detrimental to cell viability and cellular
function [22]. Another biomarker for DNA damage widely used in humans because of its simplicity and rapidity
is a measure of the micronuclei frequency in human peripheral blood leucocytes [23]. In this study, the comet
assay and micronuclei frequency were used to assess DNA damage in healthy individuals and to evaluate the
possible role of flaxseed in reversing or preventing this damage. All groups exhibited normal values in these two
tests during the trial period, demonstrating that flaxseed is not able to produce cytogenetic changes. These find-
ings are consistent with the studies of Bub et al. [24] who found no changes in DNA damage after 14 days of
consumption of polyphenol-rich beverages.

Studies have shown that diets rich in antioxidants can protect against oxidative damage to lipids, proteins and
nucleic acids [25]. Flaxseed has a high concentration of polyphenols (especially lignans). Polyphenols are sec-
ondary metabolites of plants and constitute the largest group of natural antioxidants (Ciesla, Kowalska, Oleszek,
& Stochmal, 2012; Hu et al., 2011). Regular consumption of foods rich in polyphenols can increase the potential
of antioxidant defense against oxidative damage and prevent oxidation of lipids and proteins by neutralizing
certain free radicals [21].

Humans have several antioxidant defense systems that all operate differently in the detoxification of reactive
species. Among them, the antioxidant enzyme system appears to be the main way of removing reactive species
formed during intracellular metabolism [26]. The activity of antioxidant enzymes SOD, CAT and GPx did not
change significantly after 14 days of supplementation with flaxseed of both varieties and forms of presentation.
This enzymatic profile is probably related to the time period of the protocol, since other studies involving anti-
oxidant enzymes usually observed positive correlations during 30 days of intervention with polyphenol-rich
meals [27].

In conclusion, this study showed that golden flaxseed grains are more effective in reducing oxidative parame-
ters even in a short supplementation period.

5. Conclusion

The results indicate that markers of oxidative damage such as lipid peroxidation and carbonyl protein content
dropped significantly with supplementation of golden flaxseed grains. Therefore, even a short supplementation
period (2 weeks) with golden flaxseed grains can be an important cofactor in the prevention of diseases that are
based on the production of free radicals.
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