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Abstract

Linseed contains biologically active substances, such as lignans, fibres and linoleic acid, which are believed to provide cardioprotective
effects. The objective of the present study was to assess the potential hypolipaemic, anti-atherogenic and anti-inflammatory effects of lin-
seed consumption using an experimental animal model, with rabbits fed a hypercholesterolaemic diet (1% cholesterol extracted from lyo-
philised egg). A total of twenty white male rabbits were selected and divided into two groups: group I (GI), control group, ten rabbits;
group II (GID), ten rabbits. The animals were fed a hypercholesterolaemic diet for 56d. For the GII diet, ground linseed was added
from day 29 through to day 56. Animals underwent aortic arch and descending aorta dissection on day 56 for histological, morphometric
and immunohistochemical analysis. At the end of the experiment, GII animals presented with lower levels of total cholesterol (TC, 10 068:3
v. 16767-0mg/1; P<0:05) and lower levels of LDL-cholesterol (LDL-C; 10743-2 v. 15961-2mg/l; P<0:05) when compared with the GI
control group. There was no significant difference in serum HDL-cholesterol and TAG between the two groups. Almost all animals
exhibited type III atherosclerotic lesions in the descending aorta. There was no statistically significant difference between the intima
area and the intima:media layer area ratio in both groups. There was no difference between the positive areas for vascular cell adhesion
molecule-1 and intercellular adhesion molecule-1 molecules between the groups. Linseed consumption showed hypolipaemic action by
reducing LDL-C and TC levels; however, this cholesterol-lowering effect did not reduce the atherosclerotic lesions induced by a hyperch-
olesterolaemic diet (1% cholesterol) for a short period of time.
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Epidemiological studies have demonstrated a positive corre-
lation between exposure to risk factors such as obesity, dysli-
pidaemia, smoking, physical inactivity and insulin resistance
and the progression of atherosclerosis'”. Fornés et al®
added that eating habits are risk factors for CVD, in that
high intakes of cholesterol, fat and SFA along with low fibre
intake, participate in the aetiology of dyslipidaemia. Clinical
evidence has emphasised that the adoption of preventive
measures could contribute to minimising and preventing cor-
onary events. Linseed contains biologically active substances
such as lignans, fibre and linoleic acid that have cardio-
protective effects. The lignan compounds, when ingested,
are capable of promoting reductions in serum cholesterol
because of their modulatory function through the cholesterol
acyltransferase enzyme (acyl CoA) and 7-a-hydroxylase
involved in their metabolism. In randomised clinical trials
that enrolled patients with CHD, n-3 fatty acid supplements
significantly reduced cardiovascular events. 7-3 Supplements
can also slow the progression of atherosclerosis in CHD®.

The American Heart Association recommends eating plant-
derived 7-3 fatty acids including flaxseeds and their oils"®.
The present study aimed to evaluate the potential lipid-lower-
ing capacity, reversal of established atherosclerotic lesions and
anti-inflammatory effects of linseed in an experimental model
of rabbits fed a hypercholesterolaemic diet (1% cholesterol

from lyophilised egg).

Methods
Animals

A total of twenty white adult male rabbits (New Zealand), with
a mean age of 4 months, were selected for the present study.
The sample size was chosen on the basis of the studies of
Prasad®™® and Bhathena et al.””, who used six to ten rabbits
per experimental group. Animals were handled in compliance
with the Guiding Principles in the Care and Use of Animals
and protocol approval was obtained from the Pontifical
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Catholic University Animal Research Committee. The animals
were divided into two groups: group I (GD), control group, ten
rabbits; group II (GID), ten rabbits. During the 56d study, the
animals were fed a specific diet (Nuvilab®; Colombo, Brazil)
plus 1% cholesterol from lyophilised egg. For the GII diet,
8 g/kg of ground linseed was added from day 29 through day
50, totaling an average of about 24 g of linseed per d for each
rabbit. There was no interference in the satiation of the animals
regarding the specific diet (Nuvilab® plus cholesterol). On day
56, the animals were subjected to aortic arch and descending
aorta dissection. Anaesthesia was induced with ketamine
(35mg/kg; Vetanarcol®; Konig, Avellaneda, Argentina) and
intramuscular xylazine (5mg/kg; Coopazine®; Coopers, Sio
Paulo, Brazil). After the procedure, the rabbits were killed by
a lethal barbiturate dose.

Blood chemistry

Blood samples were obtained on the first day of the exper-
iment and also immediately before killing by cardiac puncture.
Clinical laboratory assessment included total cholesterol (TC),
HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C) and TAG.
Measurements were taken using an automated system
(Abbott Architect ¢i8200; Abbott Laboratories, Abbott Park,
IL, USA).

Histological analysis

The arteries were removed and washed with 10% formal-
dehyde buffered with phosphate (pH 7-6) and then paraffin
embedded. For evaluation of this experimental model, quali-
tative and quantitative histological measurements were
obtained. Haematoxylin and eosin-stained slices were ana-
lysed blindly in a five head Olympus® BX40 microscope
(Olympus, Tokyo, Japan). The atherosclerotic lesions were
graded from 0 to 6, according to the qualitative criteria pro-
posed by Stary et al.®. Morphometric analysis was performed
on the slides stained with orcein (elastic) to determine the area
of the intimal and medial layers of the aortic arch and des-
cending aorta, as well as to determine the intima:media
layer area ratio (the area of the intimal layer divided by the
area of the medial layer). For this assessment, the more injured
segment was previously selected from haematoxylin and eosin
sections. The microscopic analyses were performed in
conjunction with Image Pro-plus® 4.5 software (Media Cyber-
netics Inc., Silver Spring, MD, USA).

Immunohistochemistry

We evaluated the concentration of vascular cell adhesion
molecule-1 and intercellular adhesion molecule-1 in the
intima of the arteries using primary monoclonal antibodies.
Reading was performed with an Olympus® BX50 microscope
(Olympus), with an objective of 20 X .

Statistical analysis

Categorical variables were expressed as percentages and
continuous variables were expressed as mean and standard

deviation values and median values. The Shapiro—Wilks test
was used for evaluating sample normality and the Student’s
t test and Mann—Whitney non-parametric test were used for
quantitative parameters in the comparison between GI and
GIL. Statistical significance was indicated by a value of P < 0-05.

Results
Animal weights

The initial body weight of animals in GI and GII were similar.
At the time of the end of the study, GI animals exhibited a
mean body weight of 2-98kg, whereas GII animals had a
mean body weight of 2:72kg, with a weight change of 67-5
and 56-4 %, respectively. The GII had less weight gain when
compared with the GI at different time periods (P<0-01).
The average weights of animals measured at different time
periods of the experimental period are summarised in Table 1.

Lipid profiles

Baseline TC, HDL-C and TAG levels were relatively equal in all
groups before initiation of the diet. There was an increase in
serum TC in both groups after the experimental period, corre-
sponding to a percentage of variation of approximately 2379 %
in GI and 1249% in GII. The minimum, maximum, median
and sp of TC for the animals are summarised in Table 2.
Although the increase in TC occurred in both groups, this
increase was statistically higher in the group without linseed
in the diet (P<0:046). Similar results were observed for
LDL-C (Table 3). At the end of the experiment, the animals
supplemented with linseed displayed lower values of LDL-C
when compared with the control group (P<0-05). Analysis
of HDL-C and serum TG indicated no significant difference
between the groups at the end of the experiment (data
not shown).

Histological analysis

At the end of the experiment, it was observed that there was
no statistically significant difference between animal groups
with respect to the probability of type I, II, III, IV and V
lesions, or the presence of any injuries. Almost all animals
showed type III atherosclerotic lesions in the descending
aorta (Fig. 1.

Fig. 1. Types of atherosclerotic lesions seen in the aortic arch. (a) Normal
aortic arch; (b) type | atherosclerotic lesion; (c) type Il atherosclerotic lesion.
==y [ntima layer.
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Table 1. Animal weights at different time points
(Mean values and standard deviations, n 10)

Weight Group* Mean (kg) SD Pt
Initial Gl 1.78 0-15

Gll 1.75 0-16 0-659
15d Gl 2:36 0-29

Gll 2.08 0-19 0-021
22d Gl 2.58 0-33

Gl 2:29 0-19 0-026
Final Gl 2.98 0-41

Gll 2.72 0-19 0-096

Gl, group 1; Gll, group Il.
* Group Gl, control group; group Gll, study group.
1 Student’s t test.

Morphometric analysis

There was no statistically significant difference between the
intimal area and the intima:media layer area ratio of both
groups in the aortic arch and descending aorta.

Immunohistochemistry

Analysis of positive areas for vascular cell adhesion molecule-
1 and intercellular adhesion molecule-1 showed no statistically
significant differences in the segments of the aortic arch and
descending aorta between GI and GII.

Discussion

In the present study, rabbits were fed 8g linseed/kg weight
per d. Few previous studies” have determined the safe and
effective amount of linseed for rabbits, and despite it seeming
excessive, the linseed amount we administered was well
tolerated by the animals and effectively interfered in their
lipid profile. It can be observed in the present study that
there was an increase in TC and LDL-C in both groups, but
at lower levels in the group with supplemental linseed. This
potential reducing effect of linseed is noteworthy, because it
is known that the reduction of 10mg/l in LDL-C results in a
decrease of approximately 1-2% in the relative risk for cardi-
ovascular morbidity "™, The mechanisms by which linseed
acts to prevent CVD are not entirely clear. There are reports
that the hypocholesterolaemic effects of linseed may be attrib-
uted to the functional components present in its composition
of lignans, soluble fibres and linolenic acid®. Recent

Table 2. Median, minimum and maximum cholesterol values

(Mean values and standard deviations, n 10)

C. R. Prim et al.

studies™>1® report that the lignans act positively in plasma

lipids, by modulating the enzymes involved in cholesterol
metabolism, and by reducing oxidative stress and the antagon-
istic properties of platelet aggregation. Soluble fibres within
the linseed are potentially effective in regulating plasma
levels of TC and LDL-C. In previous studies""”'®, both in
human subjects and in animals, the action of lipid-lowering
soluble fibres has been reported. The Third Report of the
National Cholesterol Education Program™® explains that the
regular consumption of fibre (20-30g/d) and 5-10g of sol-
uble fraction reduces the absorption of saturated fats and
cholesterol by up to 7%. When analysing the plasma concen-
tration of HDL-C, the groups did not differ significantly. After
the experimental period, the levels of HDL-C are increased in
GI and GII. Some previous studies"’” have indicated that, in
the presence of linseed, the serum concentration of HDL-C
may increase or decrease. These differences may be associ-
ated with the concentration of cholesterol present in the diet
and the duration of the hypercholesterolaemic diet"”. The
quantity of linseed used in this experimental protocol was
not effective to promote the reduction of TAG in the GII ani-
mals. Previous animal studies"’? have reported different
effects of linseed on the concentration of TAG. These incon-
sistent results could be secondary to different dosages, the
type and amount of linseed, as well as by the animal model
used®. However, to date, there is no scientific literature
with a plausible explanation for the rise in TAG levels;
therefore, it requires future investigations to clarify these
(2122 Jee & Prasad® demonstrated that
hypercholesterolaemic diets produce intimal thickness associ-
ated with foam cells. These findings are also present in the
present study. By morphometric analysis, we observed that
all the rabbits developed advanced atherosclerotic lesions
(type 1D in the aortic arch and descending aorta, which indi-
cates that the dietary model used is extremely effective in the
atherogenic process. Lucas et al.*? reported that the intake of
linseed can reduce the formation of atherosclerotic lesions by
50 %, whereas the lignan proves to be more effective, as it has
a reducing effect of 75%. In a similar study, Prasad® exam-
ined the anti-atherogenic activity of linseed in different
groups of rabbits. The animals were subjected to different
treatments and a hypercholesterolaemic diet was induced in
some groups with the supplemental addition of 1% choles-
terol. At the end of the study, the authors concluded that
the daily supply of linseed at a dose of 7-5 g/kg body weight

mechanisms

TC Group Mean (mg/l) Minimum (mg/l) Maximum (mg/l) SD P
TC initial Gl 703-0 470-0 1150-0 2179

Gll 768-0 550.-0 910.0 12.07 0-420*
TC final Gl 16767-0 3470-0 28850-0 768-67

Gll 10068-3 12.5 23130-0 638-60 0-046t
TC variation (%) Gl 237929 6081-6 37986-5 1204-08

Gll 124977 —984.9 244176 808-62 0-024*

TC, total cholesterol; Gl, group 1; Gll, group II.

* Mean values were significantly different (P<0-05 by Student's t test).
1 Mean values were significantly different (P<0-05 by ANCOVA; TC initial as covariable).
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Table 3. LDL-cholesterol (LDL-C) values
(Mean values and standard deviations, n 10)

LDL-C Group  Mean (mg/l) SD P
LDL initial Gl 118.0 15.17

Gll 301-0 1320  0-005*
LDL final Gl 15961-2 743-03

Gl 107432 520-66  0-108t
LDL variation (%) Gl 383069-5 35627-36

Gl 40935-5 2098-81  0-001*

Gl, group 1; Gil, group II.

* Mean values were significantly different (P<0-05 by Student’s t test).

1 Mean values were significantly different (P<0-05 by ANCOVA; initial LDL-C as
covariable).

for a duration of 8 weeks was responsible for reducing the
development of atherosclerosis by 69%. In a comparative
analysis of the existence and extent of atherosclerotic lesions
in the animals, we concluded that the consumption of linseed
was not effective in reducing the atherogenicity, but the time
to exposure to linseed was only 27 d. Histological sections of
the aortic arch and descending aorta showed similarities in the
thickness of the intima and the intima:media layer area ratio, a
result that we do not expect with the anti-atherogenic activity
of linseed. There are several hypotheses to explain this contra-
dictory event. Rouleau et al.®® reported that the severity of
atheromatous lesions is directly associated with the degree
of hypercholesterolaemic diet. It is noteworthy that the athero-
genic diet used in this experiment developed extremely
advanced lesions, and given this fact, it is difficult for any
food with functional properties, such as linseed in the admi-
nistered dosage, to have anti-atherogenic effects. In addition,
Dupasquier et al*® concluded that hypercholesterolaemic
diets for long periods, such as 8 weeks, limit the anti-athero-
genic activity of linseed. In addition, in the studies cited
above, the authors used the active substance lignan that prob-
ably is more effective than ground flaxseed. Finally, it is
known that the aetiology of atherosclerosis is associated
with and mediated by inflammatory processes(zs'%). This state-
ment is consistent with the present findings, as daily adminis-
tration of a hypercholesterolaemic diet triggered the formation
of atherosclerotic lesions associated with the presence of
inflammation. Both experimental groups showed significant
positive areas for vascular cell adhesion molecule-1 and inter-
cellular adhesion molecule-1 in the intima of the aortic seg-
ments. However, the high concentration of soluble cell
adhesion molecules in the group of animals that were sup-
plemented with linseed was unexpected. Linseed has a high
concentration of 7-3 fatty acids, which confers anti-inflamma-
tory properties. Many studies have shown an inverse corre-
lation between the concentration of 7-3 fatty acids, the
inflammatory process and endothelial dysfunction. It is
believed that the PUFA is responsible for the reduction in
the expression of inflammatory markers including the
adhesion molecules, vascular cell adhesion molecule-1 and
intercellular adhesion molecule-1">. These conflicting results
suggest that the amount and duration of the hypercholestero-
laemic diet can influence the effect of #-3 fatty acid.

Study limitations

Although the amount of linseed used in the present study was
sufficient to interfere in the lipid profiles of the rabbit, it did
not affect atherosclerotic lesions. A previous study from our
laboratory demonstrated that a diet comprised of 1% choles-
terol from lyophilised egg induced advanced atherosclerotic
lesions (types III, IV and V) in rabbits within 4 weeks (RS
Matos, LAV Baroncini, LB Précoma, G Winter, PHL Caron,
F Kaiber and DB Précoma, unpublished results). The athero-
sclerotic lesions induced in this study probably were too
advanced for interference by any functional foods over a
short study period. Previous studies that examined the effects
of linseed administered the bioactive substance, lignan,
whereas we administered ground flaxseed. This could contrib-
ute to discrepancies between previous studies and the present
results. In addition, we did not interfere in the satiation of the
rabbits, which could explain their elevated cholesterol levels.
Also, we did not weigh tissues or measure liver cholesterol or
TAG. The experimental design of the present study did not
incorporate a third group of animals administered linseed
from day 1 of the experiment. Such a group could have
been used to assess the potential preventive effect of linseed
consumption. In summary, we acknowledge certain methodo-
logical limitations, such as the extent of the hypercholestero-
laemic diet, the amount of linseed used and the short study
duration, that might have contributed to the results obtained
in the present study.

Conclusions

Linseed consumption exhibited lipid-lowering action by redu-
cing serum TC and LDL-C during a short period of time. The
experimental model used in the present study is effective in
causing atherosclerosis. In addition, the extent and type of
atherosclerotic lesions were directly proportional to the con-
centration of plasma cholesterol, which increased with the
percentage of cholesterol in the diet. Through histological,
morphometric and immunohistochemical analysis, linseed
had no significant effect on the presence and extent of ather-
osclerotic lesions in animals administered with a hypercholes-
terolaemic diet (1% cholesterol) for a short period of time.
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