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ABSTRACT

PURPOSE: To evaluate whether the prolonged consumption of flaxseed minimize the factors that trigger MS in healthy rats.
METHODS: Pregnant rats were divided immediately after delivery into two groups during the lactation period, a control group (CG)
receiving casein-based diet with 17% of protein, and a Flaxseed group (FG) with casein-based diet plus 25% of flaxseed. At weaning,
12 offspring of each group continued to receive the same feed but with 10% of protein up to 200 days old.

RESULTS: FG showed a significant reduction in body weight (p=0.001), total cholesterol levels (p<0.0001), triglycerides (p=0.0001),
and glucose (p=0.001).

CONCLUSION: The flaxseed alters the indicators related to development of metabolic syndrome, because it has beneficial effects on
lipids and glucose profiles and prevents the excess of body weight gain.
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RESUMO

OBJETIVO: Avaliar se o consumo prolongado de linhaga pode minimizar os fatores que desencadeiam sindrome metabdlica em ratos
fémeas saudaveis.

METODOS: Ratos fémeas gravidas foram distribuidas ap6s o parto em dois grupos durante o periodo de lactagio: grupo controle (GC)
recebendo dieta a base de caseina com 17% de proteina, e um grupo Linhaga (GL), com dieta a base de caseina adicionada de 25% de
semente de linhaga. Ao desmame, 12 filhotes de cada grupo continuaram a receber as ragdes citadas acima, porém com 10% de proteina,
até os 200 dias de vida.

RESULTADOS: O GL mostrou uma redugdo significativa do peso corporal (p=0,001), no colesterol total (p<0,0001), triglicerideos
(p=0,0001) e na glicemia (p=0,001).

CONCLUSAO: A linhaga altera os indicadores relacionados ao desenvolvimento da sindrome metabélica por ter efeitos benéficos no
perfil lipidico e glicémico, e previne o excesso de ganho de peso corporal.

Descritores: Linho. Triglicerideos. Metabolismo. Glucose. Ratos.
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Introduction

Metabolic syndrome (MS) is the most common disease
today, representing one of the major public health problems of the
century, and its incidence has gradually increased over time'?. Its
prevalence varies worldwide, because it is directly related to aging,
ethnicity of the studied populations, and criteria for its diagnosis.
It is estimated that one quarter of the world population has MS34,
This metabolic alteration consists of a simultaneous presence of a
set of cardiovascular risk factors® characterized by hypertension,
abdominal obesity, increased triglycerides, decreased high density
lipoproteins (HDL-c), and increased glycemia/type 2 diabetes®!.

Preventive measures and therapeutic strategies, such as
changes in lifestyle including nutrition interventions and physical
activity, are the possible ways to avoid the onset of MS°.

Flax plant is the most abundant source of omega-3
(o-linolenic acid, ALA) and can be easily found, as well as being
cheaper than the fish oil, which is also the source of this fatty
acid’. ALA is an essential polyunsaturated fatty acid dependent on
foods ingestion that contain it, since it cannot be synthesized by
the human body.

From 41% of the total fat present in flaxseed oil,
57% come from the omega 3, which has anti-inflammatory,
antithrombotic, and antiarrhythmic properties®.

Based on the results of clinical trials, epidemiological
investigations, and experimental studies, it has been suggested that
ALA intake has a high impact on cardiovascular disease (CVD),
which, in turn, led to an increased consumption of polyunsaturated
fatty acid. For this reason, the use of flaxseed has been advocated
in the prevention of heart disease and therefore the MS, which
is currently the most common metabolic disease among these
patients®.

Flaxseed also contains other components with beneficial
effects on the organism, such as dietary fiber and lignans, from
which the Secoisolariciresinol diglucoside (SDG) is the main'®.
This oilseed is considered a functional food, producing metabolic
and physiological health benefits, in addition to its nutritional
properties. Its consumption has been increasing progressively
because it is a popular alternative to pharmacological treatment'’.
Many studies have shown its positive effects when used
as a supplemental feeding. These effects are manifested as
improvement in lipid profile'?, reducing the development of type
1 and type 2 diabetes mellitus", reducing blood pressure', and
controlling weight gain'’.

Taking into account the mentioned researches, the

hypothesis of this work is that prolonged consumption of flaxseed
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minimizes the factors that trigger the MS, leading to individual
improvement of indicators that comprise it. This study aims to
evaluate the effects of flaxseed in body weight gain, blood glucose
levels, and lipid profile in healthy Wistar female rats that consumed

flaxseed since the lactation period until mature age.

Methods

This research project was approved by Ethics Committee
on Animal Research of Fluminense Federal University (UFF),
Niteroi-RJ, Brazil, under n. 00104-09. All procedures are in
accordance with the provisions of Brazilian Society of Science
and Laboratory’s Animals- SBCAL.

The biological assay was carried out in 12 pregnant
Wistar female rats from the colony of Laboratory of Experimental
Nutrition (LabNE), Fluminense Federal University, Niter6i, RJ,
Brazil. All them were nulliparous, 90 days old, mated at a ratio of
3 females per male, receiving commercial feed (23% of protein,
Nuvilab®, Nuvital Ltda., Parana State, Brazil).

After delivery, mothers rats were randomly divided
into 2 groups (n=6), receiving throughout the lactation period
the following diets: “For the control group (CG), a diet based
exclusively on casein with 17% of protein, and for the flaxseed
group (FQG), a casein-based diet plus 25% of flaxseed with 17%
of protein”.

On completion of 21 days old, 12 offspring from each
experimental group, chosen at random, continued to receive the
mentioned diets, but with a lower protein concentration (10%)
until adulthood and euthanized at 200 days old. For this procedure,
female rats were subjected to a short fast for six hours and
anesthetized with Thiopentax® (Thiopental sodium 1g, Cristalia
Chemicals Pharmaceuticals LTDA, Brazil), at 0.15 ml/100g dose
by body weight. Then, blood samples were collected by cardiac
puncture for determination of biochemical concentrations. The
retroperitoneal, mesenteric, and genital fat were removed and
weighed on an analytical balance (Bosch S2000).

During the experiment, the animals were kept
in polypropylene cages at 22°C room temperature and controlled
periods of light/dark (12/12 hours), receiving water and food ad
libitum. The weight and feed consumption were monitored three

times per week until the end of the experiment.

Experimental diets

The flaxseeds were weighed and crushed in a blender to

obtain the flour that was weighed, packed, stored in refrigerator,



Impact of flaxseed intake upon metabolic syndrome indicators in female Wistar rats

and used immediately for the diet preparation. The diets based on
casein and flaxseed were prepared manually in LabNE. They were
isocaloric and a mixture of vitamins and minerals was added to
them, according to the standards of the Commitee on Laboratory
Animal Diets (1979), modified according to the recommendations
of the American Institute of Nutrition (16), with 17% of protein
during lactation (AIN-93G) and 10% after weaning (AIN-93M).

The diet offered to the flaxseed group had a concentration
of 25% of flaxseed, in order to meet all the recommended fiber.
The ingredients of the experimental diets were weighed and
homogenized in industrial Hobart® mixer (Sao Paulo-SP, Brazil)
with boiling water for starch gelatinization. The obtained mass
was processed into pellets and dried in a ventilated oven (Fabbe-
Primar® n. 171, Sao Paulo-SP, Brazil) at 60°C for 24 hours and,
after identification, it was stored under refrigeration until use.
A diet based on flaxseed did not receive oil nor cellulose in its
prepare, because this seed is extremely rich in fiber and lipids
(Table 1).

TABLE 1 — Composition of 100g of each experimental
diet given during lactation (17% of protein: AIN-93G) and after
the lactation period (10% of protein: AIN-93M).

Ingredients Ci);lg/l“)ol Fl:il;(z/:ed Ci)(r)lg/l‘;ol Fl:ilzg/ened
Casein 20.0 14.11 11.8 5.9
Flaxseed 0 25 0 25
Cornstarch 52.95 45.84 61.2 54.1
Sucrose 10 10 10 10
Mineral Mix 35 35 3.5 35
Vitamin Mix 1 1 1 1
Soybean oil 7 0 7 0
Cellulose power 5 0 5 0
Choline bitartrate 0.3 0.3 0.3 0.3
L-cystina 0.3 0.3 0.3 0.3
BTHQ 0.0014 0.0014 0.008 0.008
Total 100 100 100 100

BTHQ: tert- butylhydroquinonel. According to AIN-93G and AIN-93M 6.

Biological analyzes

Protein Efficiency Ratio (PER) is the method used to
assess the quality of the ingested biological protein. It consists of
the ratio between the animals’ weight gain and protein consumption

from zero to 28 days old. It is suitable for measuring the body mass

variation as a reflection of global activity of ingested protein'’.

Growth Index (GI) is calculated by the same formula of
PER, but used after 28 days old".

Food Efficiency Ratio (FER) is determined by the ratio
between animals’ weight variation and dietary intake during 28
days after weaning and reveals the extent that one gram of diet
promotes increased body weight!”.

Animals’ weight is used to assess the variation of animals’
body mass, which were weighed three times a week on Gehara®
digital scale, with a maximum capacity of 3 kg and precision of
0.05g. The animals were weighed individually, suspended by the
distal third of the tail and placed in polypropylene container.

Accumulated dietary intake: “To determine the animals’
food profile, the offered ration was weighed on Gehara® digital
scale every other day, so to check the ingested amount by each
animal”. The offer and feed leftover were recorded.

Biochemical analyzes

Ten millimeters of blood was collected via needles and
vacuum tubes (VACUEETE), centrifuged during 15 minutes at
3500 rpm to obtain serum; the sample was deposited in eppendorfs
and stored in a freezer at -20°C for analyzes.

These analyzes consisted of determining the total
cholesterol concentration (TC), triglycerides (TG), and HDL-.
using commercial kits (BIOCLIN, Indudstria Quibasa-quimica
LTDA, Belo Horizonte-MG, Brazil), based on enzymatic and
colorimetric methods. Glycemia was measured at the slaughter
time with an automatic measuring device (ACCU CHECK-active,

Roche®) based on the glucose oxidase reaction.
Statistical analysis

Data were presented as mean and standard deviation.
Statistical analysis was performed with S-Plus software for
Windows 6.0 and p values less than 0.05 were considered
significant. Kolmogorov-Smirnov test was used to determine if
the data had normal distribution. Student’s t test was applied for
data with normal distribution and Wilcoxon rank-sum test for the
others (Mann Whitney).

Results
It was found that both groups had similar values for PER

(p=0.2667), CEA (p=0.0829), and GI (p=0.958). Dietary intake
(p=0.032) and protein intake (p=0.032) during the 200 days of
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the experiment were significantly lower in the group treated with
flaxseed (FG) than in the control group. There was no difference
among initial weights of offspring in the experimental groups
(p=0.422). However, at the assay end, animals supplemented with
flaxseed had lower weight gain than the ones from CG (p=0.001)
(Table 2).

TABLE 2 - Data from biological analysis of offspring
and of the experimental diets.

CcG FG

Groups (n=12) (n=12) p Value
Protein Efficiency Ratio 3.56+0.33  3.37+0.19  p=0.2667
Food Efficiency Coeficient  0.35+0.03  0.32+0.01 p=0.0829
Growth rate 1.3940.12  1.39+0.13  p=0.958

. . 2536.61+  2249.65+ _
Cumulative food intake (g) 18997 235 44 p=0.032
Cumulative food intake of 253.66+ 229.01+ ~0.032

protein (g) 18.99 2354 P

Individual initial weight (g)  6.3£0.37  6.18+0.22  p=0.422

. . 35291+ 317.2+ _
Final body weight (g)) 24.03 933 p=0.001

CG = control group; FG = flaxseed group; VFM = visceral fat mass. The
results are shown as mean and standard deviation. Significance was set at
p<0.05 level.

Analyzing the biochemical parameters, the values of total
cholesterol (p<0.001) and triglycerides (p=0.0001) in FG are lower
than in CG. The group supplemented with flaxseed showed higher
numerical value in HDL-_ levels, but no significant differences in
relation to non-supplemented group. There was a better glycemic
profile in FG (p=0.001). The visceral fat mass (VFM) was not
significantly different between groups; a reduction of 16% was
noted, however, in the group treated with flaxseed (FG) (Table 3).
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TABLE 3 - Data collected from offspring at 200 days

old.
Group CG (n=12) FG (n=12) p Value
Total Cholesterol 21.15¢ 47.92+
(mg/dl) 11.68 3.87 p=0.0001
Triglycerides 74.54+ 15091+ _
(mg/dl) 19.75 35.47 p=0.0001
HDL-c 123.32+ 108.20+ Cols
(mg/dl) 23.45 15.48 p=
Glycemia 102.25+ 122+ _
(mg/dl) 10.86 8.12 p=0.001
VFM 23.23+ 27.65+ 03
(@) 7.88 9.95 p=

CG = control group; FG = flaxseed group; VFM = visceral fat mass.The
results are shown as mean and standard deviation. Significance was set at

p<0.05 level.

Discussion

Evaluating PER and CEA, it was noted that there was
no significant difference between the experimental groups. PER
values above 2.0 indicate protein of good quality, and values
below 1.5 are associated with protein of low quality'®. The values
found in this experiment demonstrate that the feed with flaxseed,
such as the control diet using only casein as protein source - a high
biological value protein, provided adequate growth of animals. In a
recent survey', flaxseed was offered as a unique source protein to
newly weaned female rats, resulting in extremely low PER values
of 0.8 for FG and 2.3 for CG. This result indicates that flaxseed
is a food protein with low quality and should not be supplied as
the unique source of protein, since it interfered negatively on the
animals’ growth.

The total food and protein consumption were measured
during the experiment in order to evaluate the food profile of the
studied groups. There was a significant difference in consumption,
lower in the FG than in CG. This can be justified by the seed
composition, which is rich in soluble fiber. These fibers are viscous,
hydrate easily, and have a great ability to form gel?’. This leads to
a decrease in the velocity of gastric emptying, and prolongation of
satiety, resulting in reduced food intake?..

As for the effects caused by the oilseeds consumption
on the weight gain of evaluated animals, these results corroborate
those ones reported by other authors in studies with rodents?.
In this study, the weight of offspring at birth was similar in both
groups, however, at the end of 200 days of experiment, the animals

that fed a rich diet in flaxseed weighed significantly lower than the
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other ones, showing that flaxseed can prevent excess weight gain
even in healthy rats. These results are satisfactory, since they show
that weight loss did not affect the animals’ GI from FC, which was
similar to the CG. Daleprane et al.*® supplemented weaned rats
with 25% of flaxseed up to 180 days old and found lower body
weight in animals that consumed the oilseed, although the growth
rate has been similar to the CG. Weight loss is recommended as a
strategy to reduce the risk of cardiovascular disease®.

Wu et al® reported that individuals consuming flaxseed
have additional benefits on the adiposity and a greater tendency
to lose weight. Abdominal obesity is asserted as a potential risk
factor of MS?®. Thus, the reversion of this fat accumulation is
an important preventive measure against this disease onset. The
mechanism by which flaxseed works in the reversal of abdominal
obesity remains unclear, although evidences suggest that the
abundance of polyunsaturated fatty acids in the diet can serve as
a modulator for the body fat deposition®. Although no significant
difference was found, the FG animals showed reduction of 16% in
visceral fat mass. This result is similar to that found by Cardozo
et al.”’, who observed a trend of reduction in VFM in rats fed with
flaxseed.

The consumption of flaxseed is linked directly to
the improvement of plasma concentration of cholesterol and
triglycerides, and, thus, a reduction of cardiovascular risk.
Researches indicate beneficial results with different forms of the
seed supplementation in nature under oil form or with different
concentrations of SDG. In this experiment, it was observed that
supplementation with integral flaxseed flour brought a significant
improvement in lipid profile of the evaluated animals. Lower levels
of total cholesterol and triglycerides were observed. Therefore, a
beneficial effect of the seed used in this study on the serum lipids
levels of animals was noted.

Fukumitsu et a/.*® administered capsules of 20 mg or
100 SDG to moderately hypercholesterolemic men, daily during
12 weeks, observing significant results in decrease of LDL/HDL
ratio in those ones who ingested 100 mg per day. Cardoso et al.”
observed a decrease in plasmatic concentrations of TC and TG in
mature rats that received seed flour components via breast milk
during lactation. Another study*’ examined the flaxseed oil offered
with a high fat diet to male mice, verifying a reduction in the
triglycerides levels and plasmatic cholesterol attributed to a lower
ratio of omega 6: omega 3. The studies mentioned above lead us
to conclude that the flaxseed action is independent of dyslipidemia
presence or the combined seed addition with a high fat diet,
since in these studies the animals were healthy and consumed an

1socaloric diet.

Another flaxseed component that may also have positive
effects on lipid profile is the fiber, which is linked to a lower risk
of CVD and diabetes. An increase of 10 g of total dietary fiber
are associated with the decrease of 14% in risk of all coronary
events and 27% in death risk from coronary heart disease®'. The
mechanisms of the fiber favorable effect on the lipid profile
are not clear, but some studies suggest that the fibers could act
positively on concentrations of serum cholesterol, because of their
gelling properties®?. The soluble fibers may exert their effects on
cholesterol levels, increasing the excretion of biliary acids, thus
reducing the gastrointestinal absorption of dietary cholesterol
and altering the serum insulin levels®. In the colon, the fatty
acids production of short chain by fermentation of soluble fiber
also seems to contribute to decrease the synthesis of hepatic
cholesterol*.

Some authors state that the serum concentrations levels
of HDL-c are not substantially affected by the flaxseed diet®.
Hypercholesterolemic individuals consumed 15 g/day of flaxseed
in a period of three months and remained unchanged their HDL-c
level’S. Zhang et al.’ verified the effect of different SDG doses in
hypercholesterolemic individuals for eight weeks and they noticed
HDL-c decrease. These results showed an increase of 14% in
HDL-c concentrations in the supplemented group, but it was not
a significant difference. This increase, although slight, can reduce
the progression propensity of CVD because an increase of 1 mg/
dl in HDL-_, contents reduces in 4% the risk of heart disease. The
low plasma concentrations of HDL-_ are a predictive risk factor
for coronary arterial disease™®.

The flaxseed was associated with lower blood glucose in
the supplemented group with flaxseed diet (FG). This result may
indicate thatthe seed improves insulin sensitivity, thereby increasing
glucose uptake. In a recent study, it was found that the flaxseed
has hypoglycemic effect on diabetic rats®*, and SDG present in
flaxseed provides better glycemic control in hypercholesterolemic
humans®. One possible cause for this glycemia reduction is the
presence of SDG, which reduces diabetes incidence through its
antioxidant activity. Oxidative stress has been suggested as a
possible cause for type 1 and type 2 diabetes*.

One limitation of this study refers to the natural inability
for direct extrapolation of the results from animal models to human
beings. However, animal models are widely used to investigate the

metabolic mechanisms.
Conclusions

The risk factors for metabolic syndrome development
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and, therefore, for cardiovascular disease may be minimized by

prolonged flaxseed consumption, since there was improvement

in lipid and glycemic profile, and present anti-obesogenic action.

Soon, flaxseed can be an affordable alternative in the adjuvant

treatment of obesity and dyslipidemia.
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