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Abstract

protection.

compared to the normal diet group after ischaemia.

Background and Aims: The effect of red palm oil (RPO) supplementation on infarct size after ischaemia/
reperfusion in a cholesterol enriched diet-induced hyperlipidemic animal model has not been reported. Previous
studies reported results on the effect of RPO in a normal diet, whilst evidence of protection has been linked to
improved functional recovery, prosurvival kinase, anti-apoptosis and NO-cGMP. Therefore, we aimed to investigate
the effects of dietary RPO supplementation in a cholesterol-enriched diet-induced hyperlipidemic rat model and to
investigate the involvement of matrix metalloproteinase 2 (MMP2) inhibition as a possible mechanism of

Materials and Methods: Male Wistar rats were fed either a standard rat chow diet (Norm) or a 2% cholesterol-
enriched diet (Chol) for nine weeks. Additionally, two more groups received the same treatment, however, at the
week 4, diet was supplemented with RPO for the last five weeks (Norm+RPO and Chol+RPO), respectively. After
the feeding period hearts were isolated, perfused according to Langendorff and subjected to 30 minutes of
normothermic global ischaemia followed by two hours of reperfusion. Infarct size was measured by 2,3,5-
triphenyltetrazolium chloride staining at the end of reperfusion.

Results: Cholesterol-enriched diet increased myocardial infarct size from 23.5 + 3.0% to 372 + 3.6% (p < 0.05)
when compared to normal diet. RPO supplementation significantly reduced infarct size either in Norm+RPO or in
Chol+RPO (to 9.2 + 1.0% and 26.9 + 3.0%), respectively. Infarct size in Chol+RPO was comparable to the Norm
group. MMP2 activity before ischaemia was significantly reduced in the Chol+RPO group when compared to the
Chol group. However, the MMP2 activity of the hearts of the RPO fed rats was significantly increased when

Conclusions: For the first time it was shown that dietary RPO supplementation attenuated the increased
susceptibility of the hearts in cholesterol fed rats to ischaemia/reperfusion injury. This was shown by reduced
infarct size. For the first time we also show that red palm oil supplementation altered pre-ischaemic levels of MMP-
2, which may indicate that myocardial MMP2 may be implicated as a possible role player in RPO mediated
protection against ischaemia/reperfusion injury in hearts of cholesterol supplemented rats.

Introduction

Many cardiovascular ischaemia/reperfusion injury studies
use healthy rats for their research protocols. In clinical
conditions, unhealthy diets and lifestyle are normally asso-
ciated with increased risk of myocardial infarction [1].
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Previous studies using healthy animals contributed to elu-
cidating certain mechanisms of cardiovascular protection.
However, it has recently been shown that cholesterol feed-
ing reverses the beneficial effects of preconditioning [2].
One such a model is a mildly dislipidaemic rat model,
where the rat is supplemented with low doses of choles-
terol for a short time period. In this model, peroxynitrite
was increased with a subsequent reduction of myocardial
function [3]. This ultimately led to contractile failure
of the myocardium, or myocardial stunning injury.
Additionally, this model was shown to inhibit the
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cardioprotective effects of myocardial preconditioning [2].
Osipov and co-workers (2009) demonstrated in an in vivo
hypercholesterolaemic pig model increased infarct size
when compared with normal control animals [4]. The
authors concluded that increased infarct size in hypercho-
lesterolaemic hearts was associated with increased oxida-
tive stress and inflammation, together with
downregulation of cell survival pathways and induction of
apoptosis.

Red palm oil (RPO) is an antioxidant rich oil which
contains approximately 50% saturated and 50% unsatu-
rated fatty acids [5,6]. Carotenoids and vitamin E (75%
of which is tocotrienol) are the most abundant antioxi-
dants in this oil. Both of these antioxidants are con-
tained at a level of at least 500 ppm in RPO [5,6]. The
cocktail of antioxidants within RPO is believed to have
synergistic effects [7,8]. The oil offers cardioprotection,
by activation of several different protective pathways
which work synergistically together [9].

Dietary RPO supplementation has previously been
shown to offer protection against ischaemia/reperfusion
injury in the isolated perfused heart [10-12]. Esterhuyse
and co-workers (2005) [10] showed that dietary RPO sup-
plementation could improve post ischaemic functional
recovery in rats fed a standard rat chow diet (SRC), and
rats fed a SRC plus 2% cholesterol for six weeks [10]. They
suggested that RPO mediated protection against ischae-
mia/reperfusion injury may be induced through different
pathways in hearts of SRC fed and cholesterol fed rats.

Matrix metalloproteinases (MMPs) are calcium and zinc
dependent endopeptidases. Under normal physiological
conditions they facilitate cell migration and tissue remo-
deling [13]. Recently it was found that MMP?2 plays a role
in ischaemia/reperfusion damage in the heart [14].
Increased MMP2 activity has also been associated with
hypercholesterolaemic diets [2]. This may be due to the
increased peroxynitrite production within the myocardium
[3]. ROS, and peroxynitrite have been shown to activate
MMP2 through redox modification of the regulatory site
of this enzyme [15-18]. This redox modification leads to
activity being displayed in the 75 and 72 kDa isoforms of
the enzyme, while only the 64 kDa isoform is active if
MMP2 is activated in the classical manner [16,18]. Acti-
vated MMP2 damages cardiomyocytes during reperfusion.
This is achieved by cleaving the contractile protein regula-
tory element, troponin I and possibly other structural and
cytoskeletal proteins [19-24]. Activation of MMP2 during
an ischaemic insult is therefore normally associated with
decreased functional recovery and larger infarct size of the
heart [14,25-28]. This has been confirmed through inhibi-
tion of MMP2 by antibodies or chemical agents [29-33].

In a recent study [34] it was shown that red palm oil
reduced infarct size in a model of ischaemia/reperfusion
injury. However, this model investigated only healthy
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hearts. The intention of the current study was therefore
to use a high cholesterol feeding model to ensure that
the model is more clinically relevant and to establish
confirmation that red palm oil protection are indeed
applicable in unhealthy diets, as was previously argued.
In all red palm oil fed studies up to date [9-12], results
have indicated post-ischaemic involvement of certain
cellular biochemical pathways. However, none of these
studies provided any evidence of pre-ischaemic protec-
tion by red palm oil.

The aims of this study were: 1) to investigate the
effects of dietary RPO supplementation on myocardial
infarct size in the hearts of rats on a cholesterol-
enriched diet and 2) to determine whether MMP2 activ-
ity was altered by RPO supplementation, both pre- and
post-ischaemically.

Materials and Methods

All rats received humane animal care in accordance with
the Guide for the Care and Use of Laboratory Animals,
published by the United States National Institutes of
Health (NIH publication 8523, revised 1985).

Experimental design

Male Wistar rats were divided into four groups. Rats in
these groups were placed on the following diets,
respectively:

Group 1: Standard rat chow diet for 9 weeks (Norm)

Group 2: 2% cholesterol-enriched diet for 9 weeks
(Chol)

Group 3: Standard rat chow supplemented with 200 pl
RPO (Norm+RPO) per day for the last 5 weeks of the 9
week period

Group 4: 2% cholesterol-enriched diet for nine weeks
supplemented with 200 pl RPO per day for the last 5
weeks of the 9 week period (Chol+RPO)

Rats were individually housed to ensure that each animal
received equal amounts of supplements. RPO and supple-
ments were prepared on a daily basis in order to prevent
spoiling. Rats were allowed ad libitum access to food and
water.

Isolated heart perfusion

After the feeding period, rats were anaesthetized using
diethyl ether. Hearts were isolated, mounted on a Lan-
gendorff perfusion apparatus, and were perfused at 37°C
using a Krebs-Henseleit buffer solution which was con-
stantly gassed with 5% carbon dioxide, 95% oxygen and a
constant perfusion pressure of 100 cmH,0 was main-
tained. After mounting, hearts were subjected to 10 min-
utes of stabilization, followed by 30 minutes of
normothermic global ischaemia and 120 minutes of
reperfusion. At the end of the perfusion protocol ventri-
cular tissue was frozen at -20°C overnight.
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Infarct size determination

Frozen hearts were cut into 2 mm thick cross-sectional
slices. These slices were stained in 2,3,5-triphenyltetra-
zolium chloride (TTC) for 10 minutes at 37°C. After
TTC staining, the slices were transferred to a formalin
solution for ten minutes and then placed in phosphate
buffer (pH 7.4) [35,36]. Heart slices were then placed
between two sheets of glass and scanned into a compu-
ter and analyzed using infarct size planimetry software
(Infarctsize™ 1.0 Pharmahungary, Szeged, Hungary) in a
blinded manner. Infarct size was represented as percen-
tage of the area at risk.

MMP2 zymography

Coronary effluent collected for 10 minutes before
ischaemia and the first 10 minutes of reperfusion was
concentrated by ultra filtration using Amicon ultra fil-
tration tubes. The concentrated coronary flow was then
subjected to gelatin zymography.

Gelatinolytic activities of MMPs were examined as
previously described [18]. Briefly, polyacrylamide gels
were copolymerized with gelatin, and a constant amount
of protein was separated by electrophoresis in each lane.
Following electrophoresis, gels were washed with 2.5%
Triton X-100 and incubated for 20 hours at 37°C in
incubation buffer. Gels were then stained with 0.05%
Coomassie Brilliant Blue in a mixture of methanol/acetic
acid/water and destained in aqueous 4% methanol/8%
acetic acid. Zymograms were digitally scanned, and
band intensities were quantified using Quantity One
software (Bio-Rad, Hercules, CA) and expressed as a
ratio to the internal standard.

Serum cholesterol and triglyceride measurement

Serum cholesterol and triglyceride were measured using a
test kit supplied by Diagnosticum Zrt. (Budapest, Hun-
gary) as described previously [37].

Statistics

All values are presented as mean + SEM. Differences
among means were analyzed by two-way ANOVA fol-
lowed by an appropriate post hoc test to make all pair-
wise comparisons and comparisons of each group to the
respective control. P was considered significant if it was
less than 0.05.

Results

Animal mass

The body and heart weight of the RPO supplemented
rats were significantly decreased when compared to the
Norm group and also to the Chol+RPO group after the
feeding period (Table 1).
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Perfusion data

There were no significant differences in the coronary
effluent of any of the groups after the supplementation
period. Coronary effluent of all groups except the RPO
group was significantly decreased after ischaemia, when
compared to their baseline values. There were no signif-
icant differences in the heart rates before or after ischae-
mia (Table 2).

Infarct size

Cholesterol-enriched diet alone increased myocardial
infarct size from 23.5 + 3.0% to 37.2 £ 3.6% (p < 0.05)
when compared to normal diet. RPO supplementation
significantly reduced infarct size in Norm+RPO and also
in Chol+RPO (9.2 + 1.0% and 26.9 + 3.0%), respectively
(Figure 1). Infarct size in Chol+RPO group was compar-
able to the group fed with normal diet.

MMP2

Before ischaemia activity of the 75kDa isoform of
MMP2 was significantly lower in the Chol+RPO group
when compared to the Chol group (228 + 28 arbitrary
units versus 450 + 34 arbitrary units; Figure 2). After
ischaemia MMP2 (72kDa isoform) activity of the RPO
supplemented group was significantly increased when
compared to rats with normal diet (2472 + 132 arbitrary
units versus 2007 + 68 arbitrary units; Figure 3).

Serum lipid profile

There were no significant differences in the serum
total cholesterol and triglyceride level among groups
(Table 3).

Discussion

Our results show that dietary RPO supplementation
reversed the negative effects of cholesterol supplementa-
tion in the ischaemia/reperfusion rat heart model. Further-
more, dietary RPO supplementation reduced myocardial
infarct size in cholesterol supplemented rats. Previous stu-
dies have shown that dietary RPO supplementation
improved functional recovery of cholesterol fed rats after
ischaemia [10,12]. In the present study cholesterol supple-
mentation was carried out for a longer period (nine weeks
versus six weeks in previous studies). This indicates that
RPO could effectively protect hearts against ischaemia/
reperfusion injury, despite a longer duration of cholesterol
feeding. Osipov and co-workers (2009) found that
hypercholesterolaemic pigs had increased left ventricular
function throughout the ischaemia/reperfusion period
when compared to normal pigs [4]. This was, however,
associated with an increased infarct size and increased
apoptotic markers. Our results together with previous
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Table 1 Animal mass and heart mass after a nine week diet
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Norm Chol Norm+RPO Chol+RPO
Animal mass (g) 4940 + 181 4726 + 135 3813 + 7.6* 5115+ 144
Heart mass (g) 16+ 0.1 1.7 £ 0.1 14 +0.1% 1.7 £ 0.1

Values are mean + SEM, n = 8; *p < 0.05 versus Norm and Chol+RPO

studies [10,12] showed that dietary RPO can attenuate the
harmful effects of cholesterol supplementation in the
ischaemia/reperfusion model. Our total serum cholesterol
results were not increased in the cholesterol fed rats. This
was expected, as a previous study employed a similar
model of cholesterol feeding in rats, without achieving sig-
nificant changes in serum cholesterol [38]. The effects of
the cholesterol feeding on the cardiovascular system are
however clearly discussed in the study of Giricz and co-
workers (2003) through the depletion of nitric oxide, and
our current study by increased myocardial infarct size [38].

Coronary flow in the Norm group was reduced by
70%, in the Chol group by 64%, in the Chol+RPO group
by 57% and in the Norm+RPO group by 33% after
ischaemia. This indicates that RPO attenuated the fall in
coronary flow after ischaemia. This may suggest that
RPO supplementation improves vascular function during
reperfusion.

MMP2 activity was measured before ischaemia in the
cholesterol supplemented groups and compared to a
Norm control group and a RPO supplemented group, as it
may be expected that the cholesterol supplemented groups
may have increased oxidative stress after supplementation.
As increased oxidative stress leads to activation of MMP2
through redox modification of it’s regulatory subunit, this
would be associated with changes in MMP2 activity before
ischaemia which would be expected to be absent in nor-
mal rats [2,15-18]. Our results demonstrate for the first
time that dietary RPO supplementation may alter myocar-
dial oxidative stress before ischaemia in cholesterol fed
rats, as MMP2 activity was reduced before ischaemia. The
reduction in MMP?2 activity before ischaemia in rats sup-
plemented with both cholesterol and RPO suggests that
RPO was able to reduce oxidative stress in these rats. This
would most probably be achieved through quenching of
ROS, which is generated in greater proportions in choles-
terol supplemented rats [3,38]. Increased generation of
ROS and oxidative stress would normally be associated

with activation of MMP2 [15,17,18]. As increased activity
of MMP2 may lead to either cardiac remodeling, or tissue
damage [21-24], this reduction in MMP2 activity may play
a role in RPO mediated protection against ischaemia/
reperfusion injury. However, MMP2 activity of the Norm
+RPO was increased during reperfusion, when compared
to normal rats without RPO supplementation. This would
normally be associated with increased myocardial suscept-
ibility to ischaemia/reperfusion injury [14,25-28]. RPO was
able to reduce myocardial infarct size in cholesterol fed
rats, despite increased activity of MMP2 in reperfusion
found in normal rats. This suggests MMP2 activity may
only play a protective role in cholesterol fed rats, and that
other protective pathways are responsible for RPO
mediated protection in normal rats.

The aim of this study was to investigate whether
MMP2 activity was involved in RPO mediated protection
of cholesterol fed rat hearts against ischaemia/reperfu-
sion. Our results suggest that MMP2 activity may play a
role in RPO mediated protection of the hearts of the cho-
lesterol fed rats, but not the hearts of SRC fed rats. This
suggests that more pathways of protection may play a
role in this protection. Kruger and co-workers (2007)
[12] found that RPO supplementation of cholesterol fed
rats led to decreased phosphorylation of pro-apoptotic
molecules, p38 and JNK. This coincided with increased
phosphorylation of the pro-survival kinase ERK early in
reperfusion, which leads to reduced apoptosis. Apoptosis
has been shown to play a role in the detrimental effects
of hypercholesterolaemia in the heart. Inhibition of apop-
tosis may therefore explain the protective effects of RPO
in this model [12].

Conclusion

For the first time we showed that dietary RPO supple-
mentation attenuated increased susceptibility of choles-
terol fed rat hearts to ischaemia/reperfusion injury as
evidenced by reduced infarct size. Myocardial MMP2

Table 2 Coronary effluent (CE) collected for 10 min to measure MMP activity and heart rate (HR) before and after

ischaemia

CE before ischaemia (mL/10 min) CE after ischaemia (mL/10 min) HR before ischaemia (BPM) HR after ischaemia (BPM)
Norm 2050 + 5.7 592 £ 40* 3874 + 565 3380 + 1286
Chol 1859 + 21.7 67.1 + 6.5% 3908 + 37.3 3460 + 1153
Norm+RPO 1525 + 129 1000 + 6.9 3441 £ 120 3280 + 40.7
Chol+RPO 1419 + 125 619 + 3.8* 3273+ 176 3390 + 292

Values are mean + SEM, n = 8; *p < 0.05 versus the corresponding “before ischaemia” values.
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Acknowledgements

This work was supported by a Collaborative Research Grant between
Hungary (ZA-35/2006) and South Africa (NRF: 62212) and by grants from the
National Office for Research and Technology (Jedlik-NKFP-A1-2006-029, Med-
Food, Baross DA-TECH-07-2008-0041, TAMOP-4.2.2-08/1/2008-0013, TAMOP-
4.2.1/B-09/1/KONV-2010-0005). T. Csont holds a “Janos Bolyai Felowship”



Szucs et al. Lipids in Health and Disease 2011, 10:103
http://www.lipidworld.com/content/10/1/103

from the Hungarian Academy of Sciences. The red palm oil used in this
study was supplied by Carotino SDN BHD (company number: 69046-T),
Johar-Bahru, Malaysia.

Author details

Cardiovascular Research Group, University of Szeged, Dom ter 9, Szeged, H-
6720, Hungary. “Department of Biomedical Sciences, Faculty of Health and
Wellness Sciences, Cape Peninsula University of Technology, Symphony Way,
Bellville, 7535, South Africa. 3Pharmahungary Group, Hajnoczy u 6, Szeged,
6722, Hungary.

Authors’ contributions

GS was involved in all experimental procedures, and played an important
role in writing and editing the manuscript. DB was equally involved in
experimental work and drafted the manuscript. KK contributed to all
experimental work and data processing. She was also involved in the editing
of the manuscript. TC was involved in the planning the study, interpretation
of results and editing of the manuscript. CC, AE, PF and JvR were involved
in planning the study, interpretation of the results and editing the
manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 March 2011 Accepted: 20 June 2011
Published: 20 June 2011

References

1. Ferdinandy P, Szilvassy Z, Baxter GF: Adaptation to myocardial stress in
disease states: is preconditioning a healthy heart phenomenon? Trends
Pharmacol Sci 1998, 19(6):223-229.

2. Ferdinandy P, Schulz R, Baxter GF: Interaction of cardiovascular risk factors
with myocardial ischemia/reperfusion injury, preconditioning, and
postconditioning. Pharmacol Rev 2007, 59(4):418-458.

3. Onody A, Csonka C, Giricz Z, Ferdinandy P: Hyperlipidemia induced by a
cholesterol-rich diet leads to enhanced peroxynitrite formation in rat
hearts. Cardiovasc Res 2003, 58(3):663-670.

4. Osipov RM, Bianchi C, Feng J, Clements RT, Liu Y, Robich MP, Glazer HP,
Sodha NR, Sellke FW: Effect of hypercholesterolemia on myocardial
necrosis and apoptosis in the setting of ischemia-reperfusion. Circulation
2009, 120(11 Suppl):522-30.

5. Nagendran B, Unnithan UR, Choo YM, Sundram K: Characteristics of red
palm oil, a carotene- and vitamin E-rich refined oil for food uses. Food
Nutr Bull 2000, 21(2):189-194.

6. Sundram K, Sambanthamurthi R, Tan YA: Palm fruit chemistry and
nutrition. Asia Pac J Clin Nutr 2003, 12(3):355-362.

7. Wilson TA, Nicolosi RJ, Kotyla T, Sundram K, Kritchevsky D: Different palm
oil preparations reduce plasma cholesterol concentrations and aortic
cholesterol accumulation compared to coconut oil in
hypercholesterolemic hamsters. J Nutr Biochem 2005, 16(10):633-640.

8. Schroeder MT, Becker EM, Skibsted LH: Molecular mechanism of
antioxidant synergism of tocotrienols and carotenoids in palm oil. J Agric
Food Chem 2006, 54(9):3445-3453.

9. van Rooyen J, Esterhuyse AJ, Engelbrecht AM, du Toit EF: Health benefits of
a natural carotenoid rich oil: a proposed mechanism of protection against
ischaemia/reperfusion injury. Asia Pac J Clin Nutr 2008, 17(Suppl 1):316-319.

10.  Esterhuyse AJ, du Toit EF, Benade AJ, van Rooyen J: Dietary red palm oil
improves reperfusion cardiac function in the isolated perfused rat heart
of animals fed a high cholesterol diet. Prostaglandins Leukot Essent Fatty
Acids 2005, 72(3):153-161.

11. Bester DJ, van Rooyen J, du Toit EF, Esterhuyse AJ: Red palm oil protects
against the consequences of oxidative stress when supplemented with
dislipidaemic diets. Medical Technology SA 2006, 20(1):3-10.

12. Kruger MJ, Engelbrecht AM, Esterhuyse J, du Toit EF, van Rooyen J: Dietary
red palm oil reduces ischaemia-reperfusion injury in rats fed a
hypercholesterolaemic diet. Br J Nutr 2007, 97(4):653-660.

13. Nagase H, Woessner JF Jr: Matrix metalloproteinases. J Biol Chem 1999,
274(31):21491-21494.

14. Cheung PY, Sawicki G, Wozniak M, Wang W, Radomski MW, Schulz R:
Matrix metalloproteinase-2 contributes to ischemia-reperfusion injury in
the heart. Circulation 2000, 101(15):1833-1839.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

Page 6 of 7

Rajagopalan S, Meng XP, Ramasamy S, Harrison DG, Galis ZS: Reactive
oxygen species produced by macrophage-derived foam cells regulate
the activity of vascular matrix metalloproteinases in vitro. Implications
for atherosclerotic plaque stability. J Clin Invest 1996, 98(11):2572-2579.
Okamoto T, Akaike T, Sawa T, Miyamoto Y, van der Vliet A, Maeda H:
Activation of matrix metalloproteinases by peroxynitrite-induced protein
S-glutathiolation via disulfide S-oxide formation. J Biol Chem 2001,
276(31):29596-29602.

Siwik DA, Pagano PJ, Colucci WS: Oxidative stress regulates collagen
synthesis and matrix metalloproteinase activity in cardiac fibroblasts. Am
J Physiol Cell Physiol 2001, 280(1):C53-60.

Kupai K, Szucs G, Cseh S, Hajdu |, Csonka C, Csont T, Ferdinandy P: Matrix
metalloproteinase activity assays: Importance of zymography. J
Pharmacol Toxicol Methods 2010, 61(2):205-209.

Hein S, Scheffold T, Schaper J: Ischemia induces early changes to
cytoskeletal and contractile proteins in diseased human myocardium. J
Thorac Cardiovasc Surg 1995, 110(1):39-98.

Matsumura Y, Saeki E, Inoue M, Hori M, Kamada T, Kusuoka H:
Inhomogeneous disappearance of myofilament-related cytoskeletal
proteins in stunned myocardium of guinea pig. Circ Res 1996,
79(3):447-454.

Gao WD, Atar D, Liu Y, Perez NG, Murphy AM, Marban E: Role of troponin |
proteolysis in the pathogenesis of stunned myocardium. Circ Res 1997,
80(3):393-399.

Bolli R, Marban E: Molecular and cellular mechanisms of myocardial
stunning. Physiol Rev 1999, 79(2):609-634.

McDonough JL, Arrell DK, Van Eyk JE: Troponin | degradation and
covalent complex formation accompanies myocardial ischemia/
reperfusion injury. Circ Res 1999, 84(1):9-20.

Wang W, Schulze CJ, Suarez-Pinzon WL, Dyck JR, Sawicki G, Schulz R:
Intracellular action of matrix metalloproteinase-2 accounts for acute
myocardial ischemia and reperfusion injury. Circulation 2002,
106(12):1543-1549.

Hayashidani S, Tsutsui H, lkeuchi M, Shiomi T, Matsusaka H, Kubota T,
Imanaka-Yoshida K, Itoh T, Takeshita A: Targeted deletion of MMP-2
attenuates early LV rupture and late remodeling after experimental
myocardial infarction. Am J Physiol Heart Circ Physiol 2003, 285(3):
H1229-35.

Menon B, Singh M, Singh K: Matrix metalloproteinases mediate beta-
adrenergic receptor-stimulated apoptosis in adult rat ventricular
myocytes. Am J Physiol Cell Physiol 2005, 289(1):C168-76.

Bergman MR, Teerlink JR, Mahimkar R, Li L, Zhu BQ, Nguyen A, Dahi S,
Karliner JS, Lovett DH: Cardiac matrix metalloproteinase-2 expression
independently induces marked ventricular remodeling and systolic
dysfunction. Am J Physiol Heart Circ Physiol 2007, 292(4):H1847-60.
Fert-Bober J, Leon H, Sawicka J, Basran RS, Devon RM, Schulz R, Sawicki G:
Inhibiting matrix metalloproteinase-2 reduces protein release into
coronary effluent from isolated rat hearts during ischemia-reperfusion.
Basic Res Cardiol 2008, 103(5):431-443.

Clark WM, Lessov N, Lauten JD, Hazel K: Doxycycline treatment reduces
ischemic brain damage in transient middle cerebral artery occlusion in
the rat. J Mol Neurosci 1997, 9(2):103-108.

Cursio R, Mari B, Louis K, Rostagno P, Saint-Paul MC, Giudicelli J, Bottero V,
Anglard P, Yiotakis A, Dive V, Gugenheim J, Auberger P: Rat liver injury
after normothermic ischemia is prevented by a phosphinic matrix
metalloproteinase inhibitor. FASEB J 2002, 16(1):93-95.

Roach DM, Fitridge RA, Laws PE, Millard SH, Varelias A, Cowled PA: Up-
regulation of MMP-2 and MMP-9 leads to degradation of type IV
collagen during skeletal muscle reperfusion injury; protection by the
MMP inhibitor, doxycycline. Fur J Vasc Endovasc Surg 2002,
23(3):260-269.

Bendeck MP, Conte M, Zhang M, Nili N, Strauss BH, Farwell SM:
Doxycycline modulates smooth muscle cell growth, migration, and
matrix remodeling after arterial injury. Am J Pathol 2002,
160(3):1089-1095.

Krishnamurthy P, Peterson JT, Subramanian V, Singh M, Singh K: Inhibition
of matrix metalloproteinases improves left ventricular function in mice
lacking osteopontin after myocardial infarction. Mol Cell Biochem 2009,
322(1-2):53-62.

Bester DJ, Kupai K, Csont T, Szucs G, Csonka C, Esterhuyse AJ, Ferdinandy P,
Van Rooyen J: Dietary red palm oil supplementation reduces myocardial


http://www.ncbi.nlm.nih.gov/pubmed/9666713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9666713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18048761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18048761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18048761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12798440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12798440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12798440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19752371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19752371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14506001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14506001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16081272?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16081272?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16081272?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16081272?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16637706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16637706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18296367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18296367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18296367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15664299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15664299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15664299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17349077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17349077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17349077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10419448?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10769285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10769285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8958220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8958220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8958220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8958220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11395496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11395496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11121376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11121376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20176119?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20176119?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7609573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7609573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8781478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8781478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9048660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9048660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10221990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10221990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9915770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9915770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9915770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12234962?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12234962?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12775562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12775562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12775562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15728709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15728709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15728709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17158653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17158653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17158653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18512095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18512095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9407391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9407391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9407391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11709491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11709491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11709491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11891205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11891205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18979185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18979185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18979185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20565865?dopt=Abstract

Szucs et al. Lipids in Health and Disease 2011, 10:103
http://www.lipidworld.com/content/10/1/103

35.

36.

37.

38.

infarct size in an isolated perfused rat heart model. Lipids Health Dis
2010, 9:64.

Kocsis GF, Pipis J, Fekete V, Kovacs-Simon A, Odendaal L, Molnar E, Giricz Z,
Janaky T, van Rooyen J, Csont T, Ferdinandy P: Lovastatin interferes with
the infarct size-limiting effect of ischemic preconditioning and
postconditioning in rat hearts. Am J Physiol Heart Circ Physiol 2008, 294(5):
H2406-9.

Csonka C, Kupai K, Kocsis GF, Novak G, Fekete V, Bencsik P, Csont T,
Ferdinandy P: Measurement of myocardial infarct size in preclinical
studies. J Pharmacol Toxicol Methods 2010, 61(2):163-170.

Csont T, Bereczki E, Bencsik P, Fodor G, Gorbe A, Zvara A, Csonka C,

Puskas LG, Santha M, Ferdinandy P: Hypercholesterolemia increases
myocardial oxidative and nitrosative stress thereby leading to cardiac
dysfunction in apoB-100 transgenic mice. Cardiovasc Res 2007,
76(1):100-109.

Giricz Z, Csonka C, Onody A, Csont T, Ferdinandy P: Role of cholesterol-
enriched diet and the mevalonate pathway in cardiac nitric oxide
synthesis. Basic Res Cardiol 2003, 98(5):304-310.

doi:10.1186/1476-511X-10-103

Cite this article as: Szucs et al.: Dietary red palm oil supplementation
decreases infarct size in cholesterol fed rats. Lipids in Health and Disease
2011 10:103.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/20565865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18359895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18359895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18359895?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20188845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20188845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17658498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17658498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17658498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12955403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12955403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12955403?dopt=Abstract

	Abstract
	Background and Aims
	Materials and Methods
	Results
	Conclusions

	Introduction
	Materials and Methods
	Experimental design
	Isolated heart perfusion
	Infarct size determination
	MMP2 zymography
	Serum cholesterol and triglyceride measurement
	Statistics

	Results
	Animal mass
	Perfusion data
	Infarct size
	MMP2
	Serum lipid profile

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


