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Currently, controversial clinical data about the protective effects in the consumption of n-3 polyunsaturated fatty acids (PUFAs) in ischaemic heart
diseases exist. Improved myocardial resistance to ischaemia-reperfusion (IR) injury results in non-lethal myocardial infarction, which is a relevant
factor in the myocardial function. We hypothesized that chronic supplementation with PUFAs reduced infarct size (IS) and induced an improve-
ment on oxidative stress-related parameters in IR model. Rats were supplemented with two doses of PUFAs D1 (n=7) (0.6 g kg�1 d�1) and D2
(n=7) (1.2 g kg�1 d�1) for 8weeks. Control group (n=7) received only standard diet. In ex vivomodel, all rat hearts were subjected to 30min of
global ischaemia followed by 120min of reperfusion. The IS and left ventricular function were assessed. Lipid peroxidation, reduced glutathione
(GSH)/oxidized glutathione (GSSG) ratio and antioxidant enzyme activity were measured in the whole heart. The results show a reduction in IS in
a dose-dependent manner with PUFAs D1 (30.6%) and D2 (48.5%) and higher values of left ventricular developed pressure, at the end of the
reperfusion, for each dose, respectively (p< 0.05). The two PUFAs groups showed higher values of GSH/GSSG ratio and lipid peroxidation,
and higher values of activity of antioxidant enzymes catalase, superoxide dismutase and glutathione peroxidase at basal condition (p< 0.05).
At the end of reperfusion, the GSH/GSSG ratio and antioxidants enzyme activity did not show a significant drop in their values (p> 0.05).
These findings suggested that the supplementation with PUFAs induces cardioprotection against IR injury, associated with reinforcement
of the antioxidant defense system. Copyright © 2013 John Wiley & Sons, Ltd.
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INTRODUCTION

Dietary fatty acids supplementation plays an important role
in coronary heart disease complications.1,2 The biological
effects of these compounds included a decreased in the
triglyceride plasma levels, improvement in the endothelial
function and prevention in the development and progression
of heart failure. These effects could be determined by the
dietary fatty acid profile and in this way modulate the
resistance of the myocardium to ischaemia-reperfusion (IR)
injury.3 This is a critical issue because myocardial resistance
to IR is a major determinant of myocardial infarct size (IS).
This factor causes the development of cardiac heart disease
complications, such as cardiac pump failure and ventricular
arrhythmias, which are the main causes of cardiac death in
humans.4

The IR cycle in the myocardium is associated with the
activation of an injurious cascade, thus leading to new
myocardial challenges, which account for up to 50% of IS.

Some evidence implicates a reactive oxygen species (ROS)
as a probably causes of myocardial injury in prooxidant clin-
ical settings.5 The damage occurs during both ischaemia and
post-ischaemic reperfusion in animal and human models.
The mechanisms that contribute to this damage included
the increase cellular calcium concentration and induction
of ROS sources during reperfusion.5 In this regard, a phar-
macological preconditioning, which includes pharmacologi-
cal strategies that counteract the ROS burst and calcium
overload followed to IR cycle in the myocardium, could
be effective.
The supplementation with ω-3 polyunsaturated fatty acids

(PUFAs), docosahexaenoic acid [DHA (22:6n3)] and
eicosapentanoic acid [EPA (20:5n3)] from fish oils are used
experimentally and clinically for the prevention of IR injury
in the heart. The mechanisms for these effects are not clear,
and clinical evidence is still a controversy.6 The experimen-
tal evidence indicates that these effects may be dependent
upon changes in cardiac phospholipid composition and
improved mitochondrial tolerance to stress.7 Experimental
studies involved to several signaling pathways such as
MAPKs, PKC and PI3K in antiapoptotic and antioxidant
response induced by PUFAs.8,9 Therefore, it is critical to

*Correspondence to: Rodrigo Castillo, Pathophysiology Program, Biomedical
Sciences Institute, Faculty of Medicine, University of Chile, Independencia
1027, Casilla 70058, Santiago 7, Chile. E-mail: rodrigouch@gmail.com

Received 18 July 2013
Revised 24 September 2013
Accepted 2 October 2013Copyright © 2013 John Wiley & Sons, Ltd.

cell biochemistry and function
Cell Biochem Funct 2014; 32: 274–281.
Published online 24 October 2013 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/cbf.3012



identify which specific fatty acid profile may be optimal in
improving myocardial resistance to IR injury.

The purpose of this study was to determine the effect
of PUFAs supplementation on the IS and oxidative
stress-related parameters in a model of IR in isolated rat
hearts.

MATERIALS AND METHODS

Animals and surgical procedures

This study conformed to the Guide for the Care and Use of
Laboratory Animals, published by the US National Insti-
tutes of Health (Publication No. 85–23, revised in 1996),
and was approved by the Institutional Ethics Review Com-
mittee at the Universidad de Chile. All experiments were
conducted on ex vivo heart models of adults, male Wistar
rats (200 g). All animals received a standard laboratory solid
diet and water ad libitum.10 The composition of the experi-
mental diet is shown in Table 1. Daily fluid intake was
measured with graduated Richter tubes. Food intake was
also estimated by gravimetry. All rats were housed under
conditions of constant temperature, humidity and standard
light–dark cycle and were supplemented by PUFAs (Acolest
TG, 720mg, DHA:EPA= 1.1:1.0) on a daily doses via
gavage for 8weeks. The animals were divided in three
groups: control rats, which did not received PUFAs

supplementation (n= 7); PUFAs D1 (n = 7), rats
supplemented with PUFAs dose 1 (D1 = 0.6 g kg�1d�1);
and PUFAs D2, which received PUFAs dose 2 (n = 7)
(D2 = 1.2 g kg�1d�1). PUFAs D1 and D2 groups received
omega 3 once a day for 8weeks.

The rats were anaesthetized with pentobarbital (50mgkg�1

IP). Subsequently, a sternotomy was performed, and heparin
100Ukg�1 intravenous (IV) was administered. The heart
was rapidly excised, mounted in a temperature-regulated heart
chamber and perfused retrograde via the ascending aorta using
a peristaltic infusion pump (Gilson Minipuls3, France) at a
constant flow of 10–14mlmin�1 to generate an initial mean
coronary (aortic) perfusion pressure of 60–70mmHg with
physiological modified Krebs Henseleit Buffer solution
containing (in mM) NaCl (128.3), KCl (4.7), CaCl2 (1.35),
NaHCO3 (20.2), NaH2PO4 (0.4), MgSO4 (1.1), glucose
(11.1) and pH 7.4 at 37 °C when equilibrated with a mixture
of 95% O2/5% CO2. Perfusate and bath temperatures were
maintained at 37 °C by a thermostatically controlled water cir-
culator (B. Braun Thermomix 1420, Germany). Then, a latex
balloon inserted in the left ventricle through the mitral valve
was connected to a pressure transducer (Bridge Amp
ML221 AD Instruments, Australia) and filled with normal sa-
line to produce a left ventricle end-diastolic pressure
(LVEDP) of 5–10mmHg. The volume of the balloon was
maintained constant throughout the experiment. After
15min stabilization (basal conditions), hearts with a left
ventricular developed pressure (LVDP) less than 60mmHg
and a heart rate (HR) less than 180 bpm were excluded from
the study. The remaining hearts were subject to 30min of
global ischaemia followed by 120min reperfusion. The
scheme of protocol was showed in Figure 1.

Measurement of infarct size

After the 120-min reperfusion, the heart was perfused with
15ml 2,3,5-triphenyltetrazolium chloride 1% (SigmaChemical)
in phosphate buffer adjusted to pH 7.4, for 15min at 37 °C.
After overnight storage in 10% formaldehyde, five to six
slices uniform 2mm covered by a glass. Then, a digital
photography of the mounted tissue was taken. For each slice,
measuring the size was performed by planimetry using the
Image J program. The IS was expressed as a percentage of
the total ventricular volume.11

Measurement of left ventricular function

The left ventricle and diastolic pressure, coronary perfusion
pressure were measured and continuously recorded through-
out the entire experiment on a personal computer using
PowerLab (ML866 ADInstruments, Australia). LVDP was
calculated as follow: LVDP=LVSP�LVEDP (mmHg).

Table 1. Composition of experimental diet (g kg�1 diet)

Casein 200
DL-methionine 3
Corn starch 297
Sucrose 225
Canola oil 100
Potato starch 25
Water-soluble vitamins* 30
Fat-soluble vitamins† 20
Mineral mixture‡ 50
Fibre 50
Energy (MJ kg�1) 16.3II

*The water-soluble vitamin composition was (g kg�1 diet): choline chloride
0.945, p-aminobenzoic acid 0.473, inositol 0.094, niacin 0.047, calcium
pantothenate 0.024, riboflavin 0.024, thiamine hydrochloride 0.019,
pyridoxine hydrochloride 0.005, folic acid 0.005, biotin and cyanocobalamin
0.0005.

†The fat-soluble vitamins composition was (per kilogram diet): DL-α-tocopherol
acetate 66mg, all-trans-retinyl acetate 2.5mg (7000 IU), menadione 60μg
and cholecalciferol 7.5μg.

‡The mineral composition was (per kilogram diet): CaCO3 15.75, CaH2PO4 ·
2H2O 3.35 g, K2HPO4 16.40g, NaCl 8.52g, MgSO4.7H2O 5.18g, iron
citrate 0.51 g, MnSO4 0.25g, CuSO4.5 H2O 25.3mg, ZnCl2 5.0mg, KI
1.2mg, sodium selenite 5.0mg and NaF 5.0mg.
II 3900 kcal kg�1.
Modified: Araya et al., 2001.

Figure 1. Schematic representation of the experimental protocol
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Oxidative stress-related parameters

The intracellular redox status in atrial tissue was assessed by
a fluorometric method in order to measure the oxidized
glutathione (GSSG) and reduced glutathione (GSH).12 The
inter-assay and intra-assay coefficient of variations (CV) for
GSH and GSSGwere 3.1% and 4.2%, and 2.7% and 3.5%, re-
spectively. The GSH/GSSG ratio was then calculated. Lipid
peroxidation was assessed by the thiobarbituric acid reaction
at pH 3.5, followed by solvent extraction with a mixture of
n-butanol/pyridine (15:1, v/v).13 Tetramethoxypropane was
used as the external standard, and the levels of lipid per-
oxides were detected spectrophotometrically at 532 nm and
were expressed as mmol thiobarbituric acid reactive sub-
stances (TBARS) per milligram protein. The inter-assay
and intra-assay CV for TBARS were 10.5% and 4.8%,
respectively.

Antioxidant enzymes

Cardiac lysates were homogenized in 0.25mol l�1 sucrose
in order to determine Cu-Zn superoxide dismutase (SOD)
activity or in 1.15% KCl 10mmol�1 l�1 Tris/HCl buffer
(pH 7.4) for catalase (CAT) and glutathione peroxidase
(GSH-Px) activity. The Cu-Zn SOD assay is based on the
SOD-mediated increase in the rate of auto-oxidation of
catechols in an aqueous alkaline solution in order to yield
a chromophore with a maximum absorbance at 525 nm.14

One Cu-Zn SOD unit is defined as the activity that doubles
the auto-oxidation background, and the results are expressed
as units per milligram of protein. CAT activity was assayed
by the kinetic of breakdown of H2O2 at 240 nm by an aliquot
of the 2400 g supernatant and are expressed as the first-order
reaction rate constant (k) per milligram of protein.15 Soluble
GSH-Px activity was measured spectrophotometrically in
the cytosolic fraction (100 000 g supernatant) by the reduction
of glutathione disulfide coupled to nicotinamide adenine dinu-
cleotide phosphate reduced form (NADPH) oxidation by glu-
tathione reductase.16 One GSH-Px unit is defined as the
activity that oxidizes 1μmol of NADPH per minute and is
expressed as units per milligram of protein.

Statistical analysis

A sample size calculation was performed on the basis of the
IS reduction. The assumptions used for this purpose
included an expected 30% of reduction in IS at the end of
reperfusion in the supplemented rats with PUFAs, compared
with rats that did not receive any supplementation. The
sample size calculation was based on the differences in the
mean value between two groups with equal sample size,
prespecified 5% alpha error and 80% power. The resulting
sample size was 7.3 rats in each treatment group (Stata
10.0 for Windows). The infarct areas were analysed at the
end of reperfusion using one-way ANOVA. A Tukey post-
hoc test was used to assess the differences in biomarkers
of oxidative stress among groups. Haemodynamic data at
different times were analysed with repeated-measures two-
way ANOVA (mixed model). Bonferroni post-hoc test was

used to assess the recovery differences among groups. A
value of p< 0.05 was considered for significant statistical
difference. All data are expressed as mean ± SD.

RESULTS

General characteristics, infarct size and haemodynamic
parameters

The rats in the three groups did not show difference in body
weight, fluid and energy consumption after 8weeks of
supplementation. None of the rats died during the study at
the doses used. There are no significant differences between
control and both PUFA groups in blood levels of total cho-
lesterol, high density lipoprotein and low density lipoprotein
(LDL). However, the triglycerides and very LDL show
26.4% and 30.5%; 27.8% and 33.3% lower levels at the
end of 8weeks supplementation in PUFA D1 and D2, with
respect to the control values (p< 0.05).
Polyunsaturated fatty acids induce cardioprotection

against global IR injury. The means of myocardial infarction
size in the control, PUFAs D1 and PUFAs D2 were 30.6%
and 48.5% lower with respect to the control in PUFA D1
and D2, respectively (p< 0.05) (Figure 2).
The cardiac performance using the Langendorff control

system, PUFAs D1 and PUFAs D2 groups at basal condi-
tions, and following 30min of ischaemia and 120min of
reperfusion (End Rep) are show in Figure 3. Control hearts
subjected to IR cycle exhibited a significant reduction in
LVDP (Figure 3A and B) with respect to basal values at
end of reperfusion. Control and D1 hearts subjected to IR

Figure 2. Infarct size in rats supplemented with polyunsaturated fatty
acids (PUFAs) D1 (0.6 g kg�1 d�1) and D2 (1.2 g kg�1 d�1) after 8weeks
of supplementation. Values are expressed as mean ± SD of total ventricular
volume (n= 7 per group). Significant differences: *p< 0.05 versus control;
†p< 0.05 versus PUFA D1

276 r. l. castillo ET AL.

Copyright © 2013 John Wiley & Sons, Ltd. Cell Biochem Funct 2014; 32: 274–281.



cycle did not show significant differences in LVDP; on the
other hand, PUFA D2 group showed an 18.1% and 14.2%
higher values of LVDP than control group and PUFA D1,
at the end of the reperfusion, respectively (p< 0.05).

Effects of polyunsaturated fatty acids in oxidative
stress-related parameters

Cardiac lipid peroxidation showed a 191% and 353% higher
levels of TBARS in PUFA D1 and D2, at basal time, follow-
ing 8weeks of supplementation with respect to contol group
(p< 0.05). With respect to each group, TBARS levels at the
end of reperfusion were 65.8% and 27.1% higher in control
and PUFAs D1, respectively (p< 0.05). PUFAs D2 group
has not given a significant difference in TBARS values.
(Figure 4A).

With respect to the GSH/GSSG ratio (Figure 4B), this
biomarker showed a drop in 35.7% and 25% in control
and PUFA D1 groups, compared with the basal values with
respect to the values at the end of reperfusion (p< 0.05),
respectively. The groups that were supplemented with PUFAs
D2 did not show a significant difference in the basal GSH/
GSSG ratio and values at the end of reperfusion. On the other
hand, the GSH/GSSG ratio was a 30.1% and 76.7% higher in

PUFA D1 and D2 groups at the end of reperfusion, compared
with basal values, respectively (p< 0.05).

The activities of antioxidant enzymes SOD, CAT and
GSH-Px in the three study groups were shown in Figure 5.
The activity of SOD (Figure 5A) was 42.7% and 27.8 %
lower in control and PUFAs D1 groups at the end of
reperfusion, compared with the basal values of activities
( p< 0.05). There are no significant differences between
basal and in PUFA D2 at the end of reperfusion. The basal
SOD activity in PUFA D1 and D2 groups with respect to
the control rats was 35.3% and 80.5% higher values, respec-
tively (p< 0.01). Similar values of CAT and GSH-Px activity
at basal condition were show in Figure 5B andC. A significant
increase of over 200% of the activity values is present in
groups receiving PUFAs D2 compared with D1 and control
rats, respectively (p< 0.01).

DISCUSSION

This study confirms that ischaemia reperfusion induced in
ex vivo model is associated with oxidative and functional
damage in cardiac tissue. The omega 3 supplementation pro-
tects the heart against IR injury, which may be mediated by
a reinforcement of the myocardial antioxidant defence system.
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Figure 3. Measurement of left ventricular developed pressure: (A) through the protocol and (B) at the end of reperfusion, in rats supplemented with polyun-
saturated fatty acids (PUFAs) D1 (0.6 g kg�1 d�1), D2 (1.2 g kg�1 d�1) and control (without PUFA). Values are expressed as mean ± SD (n= 7 per group). Sig-
nificant differences: *p< 0.05 versus control; †p< 0.05 versus PUFA D1
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Figure 4. Lipid peroxidation (A) and reduced glutathione/oxidized glutathione ratio (B) in rats supplemented with polyunsaturated fatty acids (PUFAs) D1
(0.6 g kg�1 d�1) and D2 (1.2 g kg�1 d�1) and control (without PUFA) at basal condition and at the end of reperfusion (120min). Values are expressed as
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Ischaemic heart disease, secondary to acute myocardial
infarction, is among the most prevalent health problems in
the world and is a major cause of morbidity and mortality.
Two major types of myocardial injury occur following
myocardial reperfusion: (1) stunning – manifested by revers-
ible contractile dysfunction and (2) infarction – myocardial
challenges account for up to 50% of IS. In addition, reperfu-
sion is associated with potentially lethal arrhythmias that are
rapidly and predictably induced within seconds of the onset
of reflow.17 Considerable evidence attributes at ROS and
reactive nitrogen species, produced either by the myocardium
itself or by infiltrating inflammatory cells, as an early event in
this process. Once ROS is produced, it can lead to cellular
damage through a number of pathways including direct
damage to membranes and proteins or indirect damage
through the activation of pro-apoptotic pathways.18 Increase
of biomarkers of oxidative stress such as lipid peroxidation
products in IR hearts are mainly due to the increased oxidative
stress. With respect to TBARS levels, these compounds are
associated with the growing evidence that IR-mediated
oxidative stress shunts survival signalling pathways.19 These
findings are in agreement with higher lipid peroxidation
products such as TBARS and drop in antioxidant compounds
as lower levels of GSH/GSSH ratio in control group, which
did not receive supplementation with PUFAs (Figure 4).
Morphological and biochemical changes in ischaemic
myocardium occur rapidly, but they may be considered
reversible if reperfusion of the tissue can be effected promptly.
However, ischaemia lasting more than 30min results in a state
of irreversible injury that ultimately leads to cell death.20

Furthermore, it is important to allow a differentiation between
partial ischaemia, whichmay be reversible, and total obstruction.

The factors that influence the onset and extent of irrevers-
ible injury include the size of the area at risk, the extent of
collateral blood flow or residual flow through the infarct-
related artery, the duration of ischaemia and myocardial
temperature.21 In our work, the IS following IR in control
rats is in agreement with other models of global ischaemia
and the effects of protocols that used cardiac pharmacological
preconditioning (Figure 2).22,23

Glutathione is the primary intracellular redox antioxidant.
Some reports show that atrial glutathione content is lower in
heart samples from rats subjected to regional and global
ischaemia.24 Moreover, the drop of GSH levels is in agree-
ment with the occurrence of IR cycle, an increased oxidative
stress and decreased cardiac contractile function.25 The
finding of these settings is in agreement with the glutathione
depletion of the present study at basal time in the control
rats. In contrast, the groups that received PUFAs have
glutathione repletion associated with higher activity of
antioxidant enzymes (Figures 4B and 5).
On the basis of the results from cellular and molecular

studies, the cardioprotective effects of supplementation with
PUFAs appear not to be due through a single mode of action
but to a synergism between multiple mechanism that involve
the improvement of cardiac haemodynamic factors, such as
blood pressure, left ventricular diastolic filling, HR and
endothelial function.26 Indeed, the molecular effects included
proresolving lipid mediators, modulation of cardiac ion
channels and downstream cell signalling pathways and syn-
thesis gene expression.27 Eicosapentaenoic acid and DHA
have similar yet very distinctive cardioprotective properties.
This aspect is in agreement with the ratio of DHA:EPA used
in our protocol. In the case of DHA seems to decrease blood
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Figure 5. Activities of superoxide dismutase (A), catalase (B) and GSH-Px (C) in rats supplemented with reduced glutathione/oxidized glutathione (PUFAs)
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pressure, HR and the number of total and small dense LDL
particles. In this view, lipid-lowering effects are shown after
8weeks of supplementation in both groups (Table 2); they
are in agreement with other studies, which used chronic
PUFA administration.28,29 These effects may be linked to
their well-known roles in lowering triglyceride synthesis, very
LDL assembly, secretion and in altering the expression of
genes involved in lipid and glucose metabolism, as well as
adipogenesis via peroxisome proliferator-activated recep-
tors.30 Moreover, DHA also has higher potency to regulate
the activity of several transcriptional factors than EPA.31

Scientific knowledge regarding the cardioprotective benefits
of n-3 PUFA has been translated into nutritional guidelines
for improving cardiovascular health, and it has to be used
for the optimization of the management and resolution of
other chronic diseases.

In relation to haemodynamic and structural parameters,
other studies have not found differences in the left ventricular
function after ischaemia reperfusion with PUFA supplementa-
tion, despite differences in IS.32 In our study, and because of
more severe ischaemia, resistant hearts (with smaller IS) may
have developed a kind of myocardial ‘hibernation’ that may
have masked a better recovery of IR function compared with
the less resistant hearts with a higher infarct volume. The
degree of myocardial stunning, in addition to the duration
and severity of reperfusion-induced tachyarrhythmias, was
attenuated in hearts of PUFAs groups, compared with the
control heart (data not shown).

With respect to the antioxidant properties of PUFAs,
these effects are mainly associated with the incorporation
into membrane and the antioxidant enzyme activity modula-
tion on different cellular levels. The enhancement of antiox-
idant defences has been reported in rats supplemented with
fish oil rich in n-3 PUFAs. The improvement was revealed
by the reduction of plasma lipid peroxidation and the
increase in the activity of antioxidant enzymes such as SOD,

GSH-Px and xanthine oxidase.33 In our model, it suggested
that n-3 PUFAs could contribute to enhance the cardiac
antioxidant status and functional haemodynamic parameters
due to long-term effects (Figures 3 and 5). This mechanism
is associated with the activation of genomic pathways. The
activation of the antioxidant response elements is trigger
primarily by the binding of a transcription factor called
nuclear factor (erythroid-derived 2)-like 2 (Nrf2). This mech-
anism is involved in the antioxidant response characterized by
an increase in the transcription of phase II detoxification
proteins and enzymes for glutathione biosynthesis, such as
γ-glutamyl-cysteinyl ligase, glutathione reductase and other
antioxidant enzymes. Furthermore, in a pro-oxidant environ-
ment, oxidized n-3 PUFA reacted directly with the negative
regulator of Nrf2, Keap1 thus initiating a Keap1 dissociation,
thereby inducing Nrf2-directed gene expression.34 Under this
background, the increase of expression antioxidant enzymes
is described by Jahangiri et al.35 in rats supplemented with
a diet rich in omega 3 and in some models of diabetic rats.4

In other view, the effects of PUFAs depend on the
changes in the properties of the cell membrane as a result
of omega 3 incorporation. The type and amount of fatty
acids can alter the content of the membrane phospholipids
and directly affect cell membrane properties, such as
fluidity.36 Recently, the incorporation of PUFAs can lead
to protein functionality and microdomain localization of
signalling proteins thus, resulting in the modulation of
downstream cellular signalling pathways.27,37 The probable
mechanisms included the reduction of electrical excitability
and activity of voltage-dependent Na+ channels, modulatory
action of L-type Ca+ channels.38 Indeed, the rapid incorpo-
ration of PUFAs such as DHA in cardiac membranes can
induce a lower availability of arachidonic acid and pro-
inflammatory and pro-oxidant signalling pathways during
a period of ischaemic stress.3,39

Our data show that the TBARS levels, as index of lipid
peroxidation, are higher in isolated hearts samples at the
baseline condition than in control levels. In this case,
TBARS levels serve as a measurement of the incorporation
of PUFAs into the membrane. On the other hand, at the end
of IR, we did not observe differences in lipid peroxidation,
which evidence the protective effects against IR injury
(Figure 4A). This protective effect is supported also by
maintaining the values of GSH/GSSG ratio (Figure 4B)
and the antioxidant enzyme activities at the end of reperfusion
(Figure 5A–C) with PUFA D2.

The limitations in our protocol are dependent of the
variability compared with other designs and techniques
used. Some studies did not focus in the effects of the global
IR, whereas others examine the effect of regional ischaemia
and the generation of ventricular arrhythmias and the type of
cell death.3,40 Moreover, other schemes did not assess the
effect on IS, because the duration of ischaemia was too short
to induce a measurable necrosis area.41,42 Others, did not
show the standard diet or the biochemical changes induced
by the tested diets (Table 1).43,44

It can be concluded that the antioxidant reinforcement
induced by PUFAs supplementation reduced IS, and improved

Table 2. Body weight and blood lipids in groups at 8weeks

Control After supplementation

Groups (n= 7)
PUFAs
D1(n= 7)

PUFAs
D2 (n= 7)

Body weight, (g) 2.76 ± 1.1 2.72 ± 0.3 2.77 ± 0.8
Fluid consumption
(ml day�1 100 g BW)

9.9 ± 1.4 9.2 ± 1.6 8.97 ± 1.3

Energy consumption
(kcal day�1 100 g BW)

20.8 ± 2.5 21.6 ± 1.4 21.1 ± 2.1

Blood lipids (mmol L�1)
Total cholesterol 1.45 ± 0.32 1.29 ± 0.32 1.20 ± 0.30
Triglycerides 0.81 ± 0.21 0.51 ± 0.20* 0.48 ± 0.12*
LDL cholesterol 0.47 ± 0.05 0.39 ± 0.07 0.31 ± 0.08
HDL cholesterol 0.63 ± 0.31 0.58 ± 0.09 0.56 ± 0.07
VLDL cholesterol 0.37 ± 0.07 0.23 ± 0.08* 0.22 ± 0.06*

BW, body weight; LDL, low density lipoprotein; HDL, high density
lipoprotein; VLDL, very low density lipoprotein; PUFA, polyunsaturated
fatty acids; D1, dose 1 (0.6 g kg�1 d�1); D2, dose 2 (1.2 g kg�1 d�1).
Variables are expressed as mean ±SD significant differences.
*p< 0.05 versus basal.
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cardiac functional parameters in a dose-dependent manner.
It is suggested that this design could be actively tested in
further basic research to determine the molecular pathways
for these effects.
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