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Decrease in the Inflammatory Marker TNF-a after Consumption of Flaxseed by
Hypercholesterolemic Rabbits
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Abstract

Background: Functional foods such as flaxseed have been commonly consumed to prevent atherosclerosis.
Objectives: To assess the effects of flaxseed in atherogenesis in rabbits consuming a high-cholesterol diet.

Methods: Thirty male albino rabbits were randomized to three groups based on a 12-week dietary treatment:
control group (G1), standard diet; high-cholesterol diet (G2), standard diet plus 0.25% cholesterol from lyophilized
eggs; and high-cholesterol plus flaxseed (G3), similar diet as G2 plus flaxseed. Biochemical (total cholesterol
[TC], high-density lipoprotein [HDL-C], low-density lipoprotein cholesterol [LDL-C], and triglycerides) and
immunohistochemical (intercellular adhesion molecule 1 [ICAM-1] and tumor necrosis factor alpha [TNF-a])
analyses were performed in all groups. P values < 0.05 indicated statistical significance.

Results: At 12 weeks, serum TC levels increased significantly in G2 and G3 compared with G1. Serum LDL-C levels
were higher in group G2, and the increase in group G3 was approximately six times lower than that in G2. HDL-C
levels increased in all groups, with the highest increase observed in G2. Triglycerides levels in G3 decreased by
~70% and differed significantly in G1 and G3 (p = 0.034) and G2 and G3 (p = 0.015). ICAM-1 levels increased only
in aortic segment 4 in G3. TNF-a levels in G3 were similar to those in the control group, while the levels in G2 were
greater than twice as those in the control group (p < 0.05).

Conclusions: The group fed with a functional diet (flaxseed) showed decreased development of atherosclerosis, reduced
serum triglycerides levels, and lower TNF-o levels on immunohistochemistry. (Int J Cardiovasc Sci. 2018;31(2)114-122)

Keywords: Rabbits; Flax / seeds; Atherosclerosis / prevention & control; Diet, Atherogenic; Cholesterol, Diet;
Obesity, Sedentary Lifestyle.

Introduction atherogenic serum lipoproteins (such as low-density

lipoprotein cholesterol [LDL-C]), which are associated

Atherosclerosis is a chronic inflammatory disease . .g, lifestyle factors such as poor eating habits, sedentary

marked by endothelial dysfunction affecting the intimal . . o

. . . . lifestyle, and obesity, as well as deposition of these

layer of medium- and large-caliber arteries.! This process ] o ) )

lipoproteins in the inner tunica.>?
occurs slowly over the course of decades and has the

potential of evolving into more advanced lesions, which Many food products with functional /nutraceutical

may rupture and trigger thrombus formation, potentially
leading to acute myocardial infarction and death.?

Several factors are implicated in the etiology of
atherosclerosis, including persistent elevation of

properties have been studied with the aim of preventing
the development of atherosclerotic plaques and promote
positive cardiovascular effects. These products contain

dietary fibers, phytosterols, omega-3 fatty acids,
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antioxidants, and polyphenols,* which can significantly
decrease the effect of atherosclerotic factors. One such
product is flaxseed (Linum usitatissimum L.).

The nutritional composition of flaxseed comprises
fats (41%), dietary fibers (28%), proteins (21%), moisture
(7.7%), ashes (3.5%), and soluble sugars (1 — 2%),>* and
their lipid content includes 51 — 55% of alpha-linolenic
acid.” Additionally, flaxseed is the richest source of lignan
secoisolariciresinol-diglucoside (SDG), which has potent
antioxidant and antiatherogenic properties.

Based on these considerations, the study of the
functional properties of flaxseed becomes essential for
the scientific community and the general population.
The aim of the present study was to assess the potential
effects of flaxseed on atherogenesis in rabbits subjected to
a high-cholesterol diet (containing 0.25% cholesterol) of
lyophilized eggs. For this purpose, we analyzed the lipid
levels and performed immunohistochemical analysis of
inflammatory markers in the aortic segments of the rabbits.

Methods

The present study was approved by the Animal
Research Ethics Committee of PUC-PR under the protocol
number 720/2012 and was conducted in the Laboratory of
Experimental Surgery at Hospital Angelina Caron (HAC),
the Experimental Pathology Laboratory at PUC-PR, and
the Central Animal Facility at PUC-PR.

Animals

Thirty male New Zealand white rabbits (Oryctolagus
cuniculus) weighing approximately 3 kg and with a
mean age of 4 months were selected for the experiment.
Calculation of the sample size was based on the study
by Prim et al. (2008).® The rabbits were kept in the
animal facility at PUC-PR in a macroenvironment with
light/dark cycles of 12/12 hours, fresh air changes,
and temperature controlled between 19°C and 23°C.
The animals were identified on an individual basis and
maintained in individual cages cleaned daily.

Experimental period and group distribution

The study was conducted over 12 weeks (84 days).
The animals were maintained in individual cages
and randomized to three groups according to dietary
treatment. The control group (G1, n = 10) received

a standard diet for rabbits (Nuvital® Nutrientes
S.A., Colombo, PR, Brazil). The high-cholesterol diet
group (G2, n = 10) received a standard diet for rabbits
(Nuvital®) plus 0.25% cholesterol from lyophilized eggs.
The high-cholesterol plus flaxseed diet group (G3, n=9)
received a standard diet for rabbits (Nuvital®), 0.25%
cholesterol from lyophilized eggs, and 8 g of ground
flaxseed per kg of body weight.

Preparation of supplementary feed

The high-cholesterol diet offered to groups G2 and
G3 throughout the experimental period contained 0.25%
cholesterol, which was added to induce atherosclerotic
lesions in the aorta. In order to achieve that, 5 kg of
standard feed (Nuvital®), weighed and ground for
each animal group, was added to 1,800 g of egg powder
diluted in 2,000 mL of water.

The flaxseed concentration was 8 g per kg of body
weight. The seeds were ground in a food processor and
stored under refrigeration before added to the feed.

The feed given to groups G2 and G3 was supplemented
with lyophilized eggs. This mixture was processed using
an industrial meat grinder (Poli®, model PCP-22LR-N,
feeder #10, Siemsen, Brusque, SC, Brazil). For group G3,
the mixture was supplemented with ground flaxseed.
After grinding the mixture, the feed was pelleted, and
the pellets were heated in an electric oven for 10 min at
a temperature of 180°C.

The prepared feed was stored under refrigeration
until use.

Animal preparation and sample collection

The animals were anesthetized, and blood was
collected according to the method described by
Précoma et al.’ and Alessi et al.'? Xylazine (Coopazine®;
Schering-Plough-Coopers, Cotia, SP, Brazil) at
5 mg/kg mixed with ketamine (Vetanarcol®,
Konig, Mairinque, SP, Brazil) at 30 mg/kg was
administered intramuscularly into the rabbits’ thigh
area. Biochemical analyses performed on days 1 and
84 included total cholesterol (TC), LDL-C, high-density
lipoprotein (HDL-C), and triglycerides (TG), which
were assessed using an automated equipment (ADVIA
1200, Siemens Healthcare Diagnostics, Inc., Newark,
DE, USA) and commercial Kkits.
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Histological analysis

The thoracic aorta was removed at the level of the
aortoiliac bifurcation following a midline thoracotomy
and laparotomy, and cross sections with a thickness
of 2 to 3 mm were cut from different aortic segments.
Each segment was labeled, placed in a microtome
(Leica® RM2145, Leica Microsystems Nussloch GmbH,
Germany) for overnight processing, and dehydrated with
a graded ethanol series (70%, 80%, and 90%). The tissue
samples were subsequently diaphanized for 12 hours
in xylol containing serial concentrations of paraffin.
Paraffin blocks were obtained by embedding the samples
in hot paraffin using a tissue embedding console system
(Leica® EG1160, Leica Microsystems Nussloch GmbH,
Germany), according to the standard procedure.

The paraffin blocks were cut into 5 ym sections using
the microtome (Leica® RM 2145). Each section was stained
with hematoxylin and eosin (HE) and orcein (elastic
tissue staining) according to conventional techniques
and mounted on permanent slides.

Blocks with four aortic segments were prepared by
selecting one proximal segment near the aortic arch
(point 1), one segment located in the thoracic aorta
(point 2), one proximal segment in the abdominal aorta
(point 3), and one distal segment in the abdominal aorta
(point 4). These segments were selected according to the
histological findings in HE staining.

Immunohistochemical analysis

The tissue microarray (TMA) technique was used
for immunohistochemical analysis. The samples were
incubated with intercellular adhesion molecule 1 ICAM-1)
monoclonal antibodies at a dilution of 1:50, and mixed with
tumor necrosis factor alpha (TNF-a) monoclonal antibody
for 1 hour. The antibodies were detected by incubating
the slides with the substrate 3,3'-diaminobenzidine-
tetrahydrochloride-dihydrate (DAB; DakoCytomation
A /S, Glostrup, Denmark). Counterstaining was
performed with Mayer’s hematoxylin, followed by sample
dehydration with different concentrations of 100% ethanol
and deparaffinization with xylol. The slides were mounted
with Canada balsam. The protocol described above was
standardized at our department. Positive and negative
controls were used for each reaction.

The histological sections were digitized with a scanner
(AxioScan Z1, Zeiss, Jena, Germany) and the images were
analyzed using Image-Pro Plus® software, version 4.5.
The color morphometry method was applied, staining

the areas with positive antibody imaging in pink and
those with negative imaging in brown. The data were
transferred to an Excel spreadsheet and subjected to
statistical analysis.

Statistical analysis

The results are expressed as mean, median, minimum
and maximum, and standard deviation values.
The assumption of normality of the variables was assessed
using the Kolmogorov-Smirnov test. The variables not
meeting the normality assumption were analyzed using the
Kruskal-Wallis nonparametric test. P values below 0.05 were
considered statistically significant. The data were analyzed
using the IBM SPSS Statistics software, version 20.0.

Results

One death occurred in group G3 at experimental
week 12, resulting in a total of 29 rabbits in the final
study sample.

Lipid profile

Total cholesterol

Serum TC levels increased significantly in groups G2
and G3 compared with G1. This result demonstrates that
the diet was effective in increasing cholesterol levels in
the rabbits (Table 1).

LDL-C and HDL-C1

There were no significant differences in the levels of
LDL-C and HDL-C among the groups (Tables 2 and 3).
However, serum LDL-C levels in the biochemical analysis
were higher in group G2 at the end of the experiment.
The increase in LDL-C in group G3 was approximately
six times lower than that in G2. HDL-C levels increased
in groups G1 (12.93 mg/dL), G2 (82.26 mg/dL), and G3
(12.03 mg/dL), with the highest increase observed in G2.

Triglycerides

The diet did not increase the TG levels in the
study groups. In addition, TG levels in G3 decreased
by approximately 70% (Table 4). At the end of the
experiment, the results indicated significant differences
in TG levels between G1 and G3 (p =0.034), and between
G2 and G3 (p = 0.015).
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Table 1 — Mean, median, minimum and maximum, standard deviation, and p values for total cholesterol in all groups

Variable Group n Mean Median Minimum Maximum Standard deviation p value*
Control (G1) 10 35.60 34.00 14.00 69.00 15.13
Total cholesterol
X Cholesterol (G2) 10 24.60 24.50 12.00 43.00 9.51
(baseline)
Flaxseed (G3) 9 28.33 24.00 15.00 54.00 13.51 0.174
Control (G1) 10 23.64 21.50 8.90 57.00 15.72
Total cholesterol
otal cholestero Cholesterol (G2) 10 62.09 24.54 12,90 336.00 100.23
(end of the study)
Flaxseed (G3) 8 36.21 34.20 16.40 72.00 17.32 0.204
Control (G1) 10 -11.96 -13.50 -31.00 6.00 12.50
Difference (end of
. Cholesterol (G2) 10 37.49 2.55 -28.00 305.00 97.79
the study - baseline)
Flaxseed (G3) 9 3.86 3.00 -19.00 18.00 10.83 0.029

*Nonparametric Kruskal-Wallis test, p < 0.05.

Immunohistochemical analysis

Immunohistochemistry was used to investigate the
presence of ICAM-1 and TNF-a in all four aortic segments.

The results indicated that ICAM-1 levels increased
only in aortic segment 4 in group G3; however, there
was no significant difference in relation to median
levels (Figure 1).

A similar result was found for TNF-o, that is, the level
of this marker was significantly increased in the aortic
segment 4 (Figure 2). TNF-a levels in group G3 were
similar to those in the control group, while the levels in
group G2 were greater than twice as those in the control
group (p < 0.05).

Discussion

Atherosclerosis is a major cardiovascular disease,
and the understanding of its development is required
for its prevention and treatment. This knowledge
can be acquired using experimental models. In this
respect, several animal studies have shown that a
high-fat diet leads to obesity, hypercholesterolemia,
and other complications such as endothelial lesions."
The experimental protocol in the present study was an
early model of atherosclerosis and involved the addition
of 0.25% cholesterol from lyophilized eggs to the diet
of rabbits aiming at causing atherosclerotic lesions.’
The use of rabbits as an experimental model suits the
objectives of this study because these animals develop
aortic lesions fast.

This study assessed the biochemical and
immunochemical changes caused by a high-cholesterol
diet with and without flaxseed, which is considered a
functional food.

The increase in TC found in the biochemical analysis
in groups G2 and G3 was not expected in the group
treated with flaxseed. A similar result was obtained
by Dupasquier et al.,”® who observed no changes in
TC in animals receiving a diet with 10% of flaxseed.
This unexpected result may be explained by several
factors, including the concentration of flaxseed used,
the form of flaxseed administration (ground seeds), feed
heating for the incorporation of components, and the
duration of seed intake. Previous results have indicated
that alpha-linolenic and linoleic acids are sensitive to
light, heating, and oxygen, and undergo oxidation
when exposed to temperatures between 120°C and
270°C." Therefore, the process of production of feed
containing flaxseed in the present study may have
caused a decrease in the level of these acids, thereby
compromising their nutraceutical function.

LDL-C levels increased in the groups treated with
high cholesterol; however, the levels remained similar
between these groups. Similar results were obtained
in a study in humans involving the consumption
of flaxseed, in which the levels of TC and LDL-C
remained unchanged,’ even though the experimental
period of 4 weeks may not have been sufficient to
cause this reduction. Zheng et al.'* conducted a
randomized clinical trial in individuals diagnosed with
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Table 2 — Mean, median, minimum and maximum, standard deviation, and p values for LDL-C in all groups

Variable Group n Mean Median Minimum Maximum Standard deviation p value*
Control (G1) 10 8.64 8.45 2.90 18.10 5.61
LDL-C (baseline) Cholesterol (G2) 10 7.83 6.30 1.20 27.10 7.60
Flaxseed (G3) 9 11.92 7.40 4.50 27.30 7.94 0.305
Control (G1) 10 21.57 16.45 3.90 81.00 21.49
LDL-C d of
(endo Cholesterol (G2) 10 90.09 32.00 7.50 348.00 123.47
the study)
Flaxseed (G3) 8 26.95 22.00 2.40 93.00 29.82 0.145
Control (G1) 10 12.93 11.65 -5.70 63.50 19.71
Difference (end of
. Cholesterol (G2) 10 82.26 21.95 4.90 341.80 124.45
the study - baseline)
Flaxseed (G3) 9 12.03 0.50 -27.30 79.40 30.61 0.085
* Nonparametric Kruskal-Wallis test, p < 0.05.
Table 3 — Mean, median, minimum and maximum, standard deviation, and p values for HDL-C in all groups
Variable Group n Mean Median Minimum Maximum Standard deviation p value*
Control (G1) 10 19.29 16.45 10.30 37.30 8.60
HDL-C (baseline) Cholesterol (G2) 10 17.15 17.70 9.80 25.40 5.78
Flaxseed (G3) 9 15.79 13.40 7.70 33.50 8.35 0.475
Control (G1) 10 21.55 22.50 1.00 41.90 12.80
HDL-C (end of
Cholesterol (G2) 10 48.76 25.65 4.30 290.70 85.99
the study)
Flaxseed (G3) 8 28.16 26.25 4.20 60.00 17.71 0.780
Control (G1) 10 2.26 -2.15 -13.30 14.90 10.39
Difference (end of
. Cholesterol (G2) 10 31.61 9.00 -15.30 278.70 87.50
the study - baseline)
Flaxseed (G3) 9 9.24 8.00 -16.50 46.60 17.48 0.570

* Nonparametric Kruskal-Wallis test, p < 0.05.

hypercholesterolemia and used a lignan extract from
flaxseed during an 8-week period. The LDL-C levels in
the group that received 600 mg of the extract decreased
between weeks 6 and 8. These authors concluded that the
lignan extract decreased the concentration of cholesterol
in a dose-dependent manner. One study investigated
the effect of phytosterol intake and indicated that blood
cholesterol levels decreased after 4 weeks.!” In addition,
cholesterol levels remained unchanged between weeks
8 and 12,"%" which suggested that seasonal factors may
have affected the results.

In the present study, TC increased in all tested
groups. Studies have shown that lignans present
in flaxseed reduce serum cholesterol. This effect
is probably related to their antioxidant properties,
provided by secoisolariciresinol lignan (SDG),
enterolactone, and enterodiol, which inhibit the
peroxidation of polyunsaturated fatty acids in
vitro and favor the decrease in cholesterol levels.?
One hypothesis to explain the discrepancy between
the results of this study from others in the literature
is the high concentration of ingested cholesterol.
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Table 4 — Mean, median, minimum and maximum, standard deviation, and p values for triglycerides in all groups

Variable Group n Mean Median Minimum Maximum Standard deviation p value*
Control (G1) 10 65.30 50.00 36.00 206.00 50.87
Triglycerides
riglycerides Cholesterol (G2) 10 59.50 56.50 25.00 146.00 32.74
(baseline)
Flaxseed (G3) 9 79.44 78.00 32.00 149.00 38.20 0.308
Control (G1) 10 67.50 65.00 7.00 228.00 63.27
Trigl ides - (end
riglycerides - (end o terol G2) 10 64.60 44,50 20.00 204.00 5331
of the study)
Flaxseed (G3) 8 22.50 14.00 11.00 53.00 15.26 0.042
Control (G1) 10 2.20 13.50 -56.00 47.00 33.98
Difference (end of
. Cholesterol (G2) 10 5.10 -17.50 -98.00 148.00 66.92
the study - baseline)
Flaxseed (G3) 9 -59.44 -63.00 -149.00 16.00 48.12 0.022
* Nonparametric Kruskal-Wallis test, p < 0.05.
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Figure 1 — Mean intercellular adhesion molecule 1 (ICAM-1) values at the animals’ aortic segment 4 in each group.

Another hypothesis is the duration of the functional
diet (8 weeks), which may have been too short to

induce a significant reduction in LDL-C and TC.

In the present study, no differences in HDL-C levels
were observed among the three groups. Higher levels of
HDL-C increase the protection against the development
of atherosclerotic plaques in the heart. Studies have

shown that flaxseed intake at a dose of 15% was strongly

associated with protection from inflammation, estrogens,

and genotoxicity.*!

The results that we found most fascinating were
those of TG levels. There was a significant decrease (by
approximately 70%) in this biochemical parameter in
group G3, which demonstrates that the administration of
feed containing flaxseed (a functional food that contains

primarily omega-3 fatty acids, fibers, and lignans) was
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Figure 2 — Mean tumor necrosis factor alpha (TNF-o) values at the animals’ aortic segment 4 in each group.
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effective in decreasing TG levels. This result is in line with
those from previous studies and suggests that dietary
supplementation with omega-3 via the consumption
of flaxseed helps decrease TG levels, possibly via
the decrease of remaining chylomicron particles and
the inhibition of the synthesis and secretion of very
low-density lipoprotein (VLDL-C) by the liver.?

Cintra et al.” tested the effect of the consumption
of a high-fat flaxseed-based diet in Wistar rats and
observed a reduction in TC and TG levels, higher fecal
excretion of lipids, and lower deposition of cholesterol
in the liver. This result was similar to that obtained by
Bhathena (2003).%

Immunohistochemistry was used to investigate the
presence of two markers involved ininflammation, a cellular
adhesion molecule (ICAM-1) and a proinflammatory
cytokine (TNF-ar). Several studies have used ICAM-1
as a marker of inflammation. In a study with 60 rabbits
(10 in the control group and 50 in the atherosclerotic
group), animals fed a high-fat diet exhibited higher levels
of ICAM-1in the aorta compared with those in the control
group (p < 0.01), which indicates a role for ICAM-1 as a
predictor of cardiovascular disease.”

The importance of the present study lies in the analysis
of ICAM-1 in four aortic segments. The results indicated
anincrease in ICAM-1 levels in all animal groups and all
tissue sections; however, the results were not statistically

significant. A similar result was obtained in an animal
study conducted by Prim et al.,®and in human studies,
which also showed nonsignificant reductions in the levels
of ICAM-1 and VCAM-1 markers.?

We should emphasize that no antiinflammatory
activity was observed in the group that received
flaxseed (G3), suggesting that the findings of the
antiinflammatory effect of omega-3 fatty acids are
contradictory. In addition, the results of ICAM-1
suggest that this activity is dependent on the duration
of consumption of omega-3 fatty acids.

The results of the TNF-a analysis indicated a
significant difference among the groups. TNF-a levels
were higher in G1 than G3. This result demonstrated an
effect of flaxseed, but was not statistically significant.
Moreover, the levels of TNF-a increased in G2, which
indicates that this marker is associated with stress
and inflammation. A similar result was observed in a
previous study,” in which the elevated levels of TNF-a
were associated with recurrent coronary events after
myocardial infarction.

Levels of the inflammatory marker TNF-o. decreased
significantly in group G3 (flaxseed group), which favors
the hypothesis that flaxseed components can reduce
antiinflammatory and antiatherogenic activity. A previous
study has observed a decrease in TNF-o levels after the
consumption of omega-3 fatty acids by most patients.”
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Conclusion

The results of this study are aligned with others in
the literature and showed a decreased development of
atherosclerosis in the group fed a functional diet.

The results obtained in the flaxseed group showed
significant changes in serum TG and decreased TNF-o
levels on immunohistochemical analysis. These findings
corroborate observations from previous studies that
have shown flaxseed as having a strong tendency to act
effectively in reducing TNF-a levels, thus preventing
injury and development of atherosclerotic plaques in the
intima of coronary arteries.

However, several differences may arise when changes
are made to the experiment or study protocol, so it
we suggest that a larger number of studies should be
conducted directly comparing these functional seeds.
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