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Abgract

Dietary red palm oil (RPO) supplementation offers protection against ischaemia/reperfusion injury. Several pathways have been suggested to convey
this protection. Recently it has been shown that RPO supplementation increases glutathione peroxidase (GPX) activity in the myocardium, but the
mechanism behind thisincreasein GPX activity remainsunknown. Antioxidant activity isknownto play arolein pro-survival kinasesignaling. The
involvement of extracellular signal regulated kinases (ERK) early in reperfusion gave different resultsin previous studies, depending upon thediet to
which RPO was supplemented. The aims of this study wereto investigate the effects of dietary RPO supplementation on ERK 1/2 phosphorylation
and GPX1, GPX3 and GPX4 transcription. Male Wistar rats were randomly divided into two groups. 1) SRC control group fed a standard rat chow
diet (SRC) for 6 weeks and 2) RPO experimental group fed a standard rat chow diet supplemented with 2 ml of RPO olein per day. After thefeeding
period, rats were sacrificed and hearts perfused on aworking heart perfusion apparatus. Cardiac function was measured before and after ischaemia
in order to determine aortic output recovery. Heartswere al so freeze clamped at 20 min perfusion, 10 min reperfusion and 25 min reperfusion, in order
to determine the level of ERK and phosphorylated ERK by Western blotting. Regulation of glutathione peroxidase mRNA was determined before
ischaemiausing real -time polymerase chain reaction (RT-PCR). RPO supplementation did not produce significant changesin GPX 1 or GPX3 mRNA
expression when compared to the SRC control group. The mRNA expression of GPX4 was significantly higher in the RPO supplemented group
when compared to controls. ERK 44 phosphorylation was significantly higher in the RPO supplemented group when compared to the control group
at 20 min perfusion. Our results confirmed improved aortic output recovery in the RPO group, as reported in previous studies after ischaemia/
reperfusion injury. The minor changesfound in ERK phosphorylation in this study may suggest that RPO haslittle effect on this pathway. However,
theincrease at baseline should beinvestigated further. Our findings al so suggest that RPO may increase gl utathione peroxidase activity, through up-
regulation of themRNA levelsof GPX4.

Key words: Antioxidant activity, extracellular signal regulated kinases, phosphorylation, improved aortic output.

I ntroduction

Recent studies have shown that dietary red palm oil (RPO)
supplementation is able to offer protection against ischaemia/
reperfusion injury 3. Several pathways of protection have been
suggested for this protection. RPO is an oil, containing severa
antioxidants 4. The most abundant antioxidants in RPO are
carotenoids and vitamin E. At least 500 ppm carotenoids is
contained in RPO, of whichthemajority isintheform of o- and -
carotene®5. RPO al so contains approximately 500 ppm vitamin E
of which themgjority isin theform of tocotrienols.

Since RPO contains high levels of antioxidants, it would be of
value to know whether it influences the antioxidant enzymesin
vivo. Littleisknown about the effects of dietary supplementation
of RPO on the regulation of antioxidant enzymes such as
glutathione peroxidase. RPO may increase glutathione peroxidase
(GPX) activity inrat hearts’, but the mechanism for thisincrease
in GPX activity is still unknown. Increased GPX activity would
lead to decreased oxidative stress, asall isoenzymes of GPX reduce
hydrogen peroxide and alkyl hydroperoxides 8. GPX 1 reduces
only soluble hydroperoxidesand isexpressed intracel ularly. GPX
3 may reduce hydroperoxides from complex lipids. GPX 4 can
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reduce hydroperoxideswhich areintegrated in cellular membranes,
aswell ashydroperoxide groups of complex lipids, lipoproteins,
cholesterol estersand thymine?.

The effect of RPO on the reperfusion induced salvage kinase
(RISK) pathway has been akey featurein recent studies®**. The
PKB/Akt branch of this pathway was shown to be upregulated
during reperfusionin normd ratsreceiving RPO supplementation ®
10,1t iswell known that ERK induces anti-apoptotic effectsthrough
phosphorylation of p90 ribosomal S6 kinase (POORSK) and Bcl-2-
associated death promotor (BAD) 2%, ERK isalso known to be
involved in cardiac hypertrophy and heart failure*16, However, it
has not yet been established whether ERK plays a protective or
causative rolein heart failure. Pro-survival effects of ERK may
also be dependant upon more variables than the Akt pathway.
Badrian et al. 8 suggested that the pro-surviva effects of ERK
phosphorylation are dependant on the insult and also the length
of time of ERK activation. It may therefore be necessary to
investigate the effects of dietary RPO supplementation on ERK
activationin greater depth.

We hypothesize that GPX activity may be increased in RPO
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supplemented rat hearts through genetic regulation and thereby
reduceischaemialreperfusioninjury inthese hearts.

Our aimswerethereforeto investigate: 1) the effect of dietary
RPO supplementation on GPX 1, GPX 3 and GPX 4 gene
transcription and 2) to determinetheinvolvement of ERK in RPO
mediated protection against ischaemia/reperfusion injury.

Materialsand M ethods
All ratsreceived humane animal carein accordancewith the Guide
for the Care and Use of Laboratory Animals, published by the
U.S. National Ingtitutes of Health (NIH publication 8523, revised
1985). Ethical approval for thisstudy was obtained from the ethics
committee of the faculty of Health and Wellness of the Cape
PeninsulaUniversity of Technology (HAS-REC 26/01/2007).

Experimental design: Fourty male Wistar rats (weighing
approximately 180 g) wererandomly divided into two diet groups.
These groups were placed on the following diets for afive week
period: Control group 1, standard rat chow diet (SRC) (n = 20);
Experimental group, SRC plus2 ml red palmoil (RPO) per day (n=
2.

Rats were individually caged in order to ensure that they
consume similar amounts of supplements, and were allowed ad
libitum access to rat chow and water, after supplements were
consumed. Eight rats in each group was perfused for functional
data, whilethe hearts of theremaining ratswere freeze clamped at
either 20 min perfusion or 10 min reperfusion for biochemical
anaysis.

Working heart perfusion: At the end of the feeding period rats
were sacrificed by intra-peritoneal injection with Euthenase
(sodium pentabarbitol). Hearts were rapidly (in less than 30 s)
excised and mounted on the working heart perfusion apparatus.
Once the aorta was canulated retrograde perfusion was initiated
and sustained for the 10 min stabilisation period. After the
stabilisation period, the heart was switched to the working heart
modefor 20 min, before being subjected to 20 min of normothermic
global ischaemiaand 25 min reperfusion, of which thefirst 10 min
wasretrograde perfusionand thelast 15 minworking heart perfusion.

During the working heart perfusion period, aortic output and
coronary flow was measured every five minutes. Heartswerefreeze
clamped for biochemical analysisat thefollowing time points: 20
min perfusion, 10 minischaemia, 10 min reperfusion and 25 min
reperfusion.

Western blot: Heart tissue was homogenized by adding
homogenization buffer and PMSF to the sample. For
phosphoprotein determination aNaF, Na,V O, sol ution was added
to the sampl e after which sampleswere soni cated threetimesfor
10 s and then centrifuged at 5000 rpm for 10 min. Protein
concentration was determined through the Bradford method 2.
Sampleswere diluted with Laemmli sample buffer and boiled,
after which 40 pg of protein was separated by SDS-PAGE
electrophoresis. After electrophoresis the proteins were
transferred to PV DF membranes. Nonspecific binding was bl ocked
by overnight incubationin 5% fat freemilk in TBST. Membranes
were then incubated with primary antibodies that recognize Erk
p42/44 (Thr®2/Thr4) and PKB (Thr3%). Membranes were
subsequently washed and incubated with secondary antibody.
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After thorough washing with TBST, membranes were covered
with ECL and exposed to autoradiography films which were
densitometrically analyzed.

Quantitative real-time polymerase chain reaction: Total RNA
was isolated from snap frozen left ventricular tissue by
homogenisation in Trizol (1ml/100 mg tissue) using a bead mill
homogenizer (Precellys 24, Bertin Technol ogies). Insoluble material
was removed from the homogenate by centrifugation, and the
supernatant with 200 pl chloroform was transferred to a phase
lock gel (Eppendorf, Hamburg, Germany) for separation of total
RNA from genomic DNA. After DNase treatment and ammonium
acetate precipitation, total RNA was purified using RNeasy Mini
Kit (Qiagen), and the concentration measured on a NanoDrop
Spectrophotometer (ND 1000). First strand cDNA was synthesised
from 1ug total RNA primed with 4 pl of oligo(dT) using gScript
cDNA SuperMix (QuantaBiosences) in atotal volumeof 20 pl and
subjectedto PCR; 2.5 ul cDNA synthesi stemplate was mixed with
5ul PerfeCtaSY BR Green 2x FastMix (QuantaBiosences), 0.5
UM forward and reverse primers (Gpx1, Gpx 3 and Gpx 4; gPCR
primers assays from SA Biosences) and RNase free water to a
total volume of 10 ul. The gPCR was performed on aRoche Light
Cycler 480. The level of each Gpx mMRNA was analysed and
expressed relative to the housekeeping gene GAPDH using the
Light Cycler, 480 SW software (f"CCAAGGTCATCCATGA
CAACTT, AGGGGCCATCCACAGTCTT; Invitrogen).

Satistical methods: All values are presented as mean plus or
minus standard error of the mean. Significance between groups
was determined with Student’ st-test. P was considered significant
if it waslessthan 0.05.

Results
Animal weight: Therewas no significant difference between the
body weights of any of the diet groups after the feeding period

(Fig.1).

Coronary effluent: Coronary effluent of the RPO group was
significantly increased when compared to the SRC group after
ischaemia(17.62+0.73 ml/minversus 14.14+1.13 ml/min) (Fig. 2).
Therewasno differencein coronary effluent at baseline.

Aortic output recovery: Aortic output recovery of the RPO

supplemented group was significantly higher compared to the
SRC group (47.16+5.46% versus 13.44+6.34%) (Fig. 3).

Animal weight

Weight (g)

460
440
420
400
380
360
340
320
300

SRC RPO

Figure 1. Animal weight (g) at thetime of sacrifice.
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Figure 2. Coronary flow of hearts before and after ischaemia (* P<0.05
for the group versusthe control after ischaemia).
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Figure 3. Aortic output recovery of hearts after ischaemia (* P<0.05
for the group versus the control group).

Phosphorylation statusof ERK 42/44: No significant differences
in ERK 42 phosphorylation between thediet groups or time points
wereobserved (Fig. 4) . ERK 44 phosphorylation wassignificantly
increased in RPO supplemented hearts compared to the SRC
group, at the 20 min perfusion time point (80.39£0.59% versus
76.36x1.18% (P = 0.03)) (Fig. 5). Thismay suggest that dietary
RPO supplementation may have a cardio-protective at baseline,
as ERK is associated with increased cytoprotection. ERK 44
phosphorylation was significantly decreased in the RPO
supplemented group between the 20 min perfusion time point and
the 10 minreperfusiontime point (80.39+0.59% versus 72.05+1.55
%). The 25 min reperfusion time point was also significantly lower
than the 10 min reperfusion time point in the RPO supplemented
group (72.05+£1.55% versus63.92+3.18%) .

120 ERK 42

100

OSRC
= RPO

% Phosphorylation

20 min perf 10minreperf 25minreperf

Figure4. Percentage phosphorylation of ERK42 in cardiac tissue of
each group at 20 min perfusion, 10 min reperfusion and 25 min
reperfusion.
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Figure 5. Percentage phosphorylation of ERK44 in cardiac tissue
of each group at 20 min perfusion, 10 min reperfusion and 25 min
reperfusion. (*P<0.05 for the group versus the control before
ischaemia).

Glutathione peroxidase transcription: GPX 4 expression was
significantly higher in the RPO group compared to the SRC
(1.09+0.23 arbitrary unitsversus0.44+0.89 arbitrary units) (Fig. 6).
GPX1 and GPX3 expression showed no significant differences
between the diet groups (Figs. 7 and 8).

*

14

GPX 4
12
1
08
06
04
02
0
SRC RPO

Figure6. Expression of GPX4 mRNA in cardiac tissue of each
group. (*P<0.05 for the group versus the control group).
* P=0.05
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2
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) .
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Figure7. Expresson of GPX1mRNA incardiactissueof each group.
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Figure 8. Expression of GPX3 mRNA in cardiac tissue of
each group.

Discussion

Theresultsindicate that dietary RPO supplementation was able
to increase functional recovery of hearts after iscahemia/
reperfusion compared to heartsof SRC fed controls. Thisconfirms
results from previous studies which also found improved
functiona recovery in RPO supplemented hearts 3. The significant
increasein coronary flow after ischaemiain the RPO group, when
compared to the SRC group, may indicate that red palm oil was
ableto reducethe vascular effects of ischaemia

Narang et al. 8 found that dietary RPO supplementation was
able to increase GPX and other antioxidant enzyme activity in
myocardial tissue. They suggested that thisincrease wasfollowed
by reduced oxidative stressin an ischaemia/reperfusion model.
We have demonstrated that dietary RPO supplementation
increases the expression of GPX 4 mRNA. Our resultstherefore
suggest that increased GPX activity found by Narang et al. 8 is
dueto upregulation of the GPX 4 gene by RPO supplementation.
Thismay be dueto theincreased amount of antioxidants provided
in the diet by RPO supplementation, which should lead to
improvement of intracellular oxidative stress status 8. It may
therefore be advisable to measure the ratio of glutathione to
reduced glutathioneinthe myocardiumin future studies, in order
to obtain a better understanding of the intracellular oxidative
stress. |n our study we did not perform transcription analysisin
samplesafter ischaemia. |n previous studieswe showed that RPO's
mechanism of protection was maximized after ischaemia. It would
therefore be advisableto analyse GPX transcription after ischaemia.
However, Borchi et al. % reported increased GPX activity inthe
failing human heart with no significant changein mRNA or protein
expression. They suggested that this may take place through post-
tranglational aterations, such astyrosine phosphorylation of the
protein.

Resultsregarding ERK phosphorylation arein agreement with
those of Engelbrecht et al. °. There seems to be no significant
effects of RPO supplementation on ERK phosphorylation early in
reperfusion. The fact that ERK 42 phosphorylation showed
decreased level s of phosphorylation at 25 min reperfusion, when
compared to the SFO supplemented hearts, supports the
suggestion that ERK phosphorylation does not play a role in
RPO mediated protection. Theincreased ERK 44 phosphorylation
in hearts of dietary RPO supplemented rats before ischaemiais
lost during ischaemia, and is therefore probably not involved in
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protection against ischaemialreperfusion injury. Similar studiesin
cholesterol fed ratsmay, however, haveyielded different results'.
Our resultstogether with those of Engelbrecht and et al. 2> show
that RPO supplementation to SRC fed ratsinduced upregulation of
mainly theproteinkinase B/Akt (PK B/Akt) branch of the reperfusion
induced salvage kinase (RISK) pathway. However, further
investigation of ERK phosphorylation before ischaemia may be
needed in order to draw aconclusion.

Conclusions

Our resultsare in agreement with previous studies, showing that
dietary RPO supplementation improves functional recovery at
reperfusion in theisolated perfused rat heart. Furthermore, RPO
supplementation was abletoincrease genetic transcription of GPX 4,
but not GPX 1 and 3. Finally, it is inconclusive whether
phosphorylation of ERK 1/2 plays any significant role in RPO
mediated protection against ischaemia/reperfusion injury.
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