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Strong anti‐neoplastic anthracyclines like daunorubicin (DNR) and doxorubicin (DOX) have high efficacy against systemic neoplasm and 
solid tumours. However, clinically, they cause chronic cardiomyopathy and congestive heart failure. Red palm oil (RPO) supplementation 
can protect the heart against ischemic injury. We therefore hypothesize that supplementation with RPO during chemotherapy may protect the 
heart. 

Control rats received a standard diet, and the experimental group received RPO in addition for 4 weeks. Each group was subsequently 

injected with either saline or DNR over a 12‐day period towards the end of 4 weeks. Hearts were excised and perfused on a working heart 
system. Functional parameters were measured. Tissue samples were collected for analysis of mRNA and protein levels. DNR + RPO 
increased aortic output by 25% (p < 0·05) compared with DNR only. Furthermore, DNR treatment significantly reduced tissue mRNA levels 
of superoxide dismutase 1 (SOD1) and nitric oxide synthase 1 (NOS1) compared with untreated controls. Protein expression of SOD1 
followed the same pattern as mRNA levels. NOS1 protein levels were significantly increased in DNR treated rats when compared with 

untreated controls. In addition, DNR increased phosphorylation of p38 and Jun N‐terminal kinase compared with untreated controls, whereas 
DNR + RPO completely counteracted this activation. DNR + RPO significantly up regulated the protein extracellular signal‐regulated kinase 
1 level compared with DNR only. 

In this model of DNR treatment, RPO is associated with stabilization of important antioxidant enzymes such NOS and SOD, and inhibition 

of the ‘stress’ induced mitogen‐activated protein kinase pathways. Dietary RPO also maintained function, similar to control, in DNR treated 
hearts. Copyright © 2011 John Wiley & Sons, Ltd. 
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INTRODUCTION 

The first anthracyclines (ANTs) were isolated in 1960s from 

the pigment‐producing Streptomyces peucetius and were 
named daunorubicin (DNR) and doxorubicin (DOX).1,36 

Because of their high anti‐neoplastic activity, ANT 
antibiotics are the most widely used agents in oncological 
practice. Their high efficiency has been proven against 
systemic neoplasm such as acute leukaemia as well as solid 
tumours. Unfortunately, their clinical use is hampered by 
their toxicity in healthy tissue, most notably in the form of 
chronic cardiomyopathy and congestive heart failure.42,43

 

The risk of cumulative, toxic cardiomyopathy reduces the 
total dose of these drugs that can be administered and 
thereby reduces their therapeutic potential. Therefore, the 
current working hypothesis is that high enough ANT doses 
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can be administered in combination with cardioprotectors, 
such as red palm oil (RPO). The molecular pathogenesis 

of ANT‐induced cardiotoxicity is highly controversial, 
although oxidative stress induced intramyocardial produc- 
tion of reactive oxygen species (ROS) is generally accepted 
as a strong candidate. This idea was first documented in 
1976 when Myers et al. showed amelioration of ANT 

cardiotoxicity by alpha‐tocopherol.25  It was subsequently 
strengthened  by  the  cardioprotective  effect  of  the  iron‐ 
chelator  dexrazoxane27,  as  well  as  several  studies  with 
transgenic animals  overexpressing physiological antioxi- 
dants.18,30,33,48 RPO is a natural source of antioxidants 
derived from the fruit of the oil palm, containing equal 
amounts of saturated and unsaturated fatty acids such as 
palmitic, oleic, linoleic and linolenic acid. RPO also contains 

a spectrum of antioxidative carotenoids (mainly α‐carotene 
and β‐carotene), lycopenes, pro‐vitamin E (α‐tocopherols 

and α‐tocotrienols) and co‐enzyme Q10.34 Several studies 
have  demonstrated  that  RPO  is  associated  with  better 
recovery and protection of hearts exposed to ischaemia/ 
reperfusion induced stress5,6,20; effects, which most likely 
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can be ascribed to antioxidants, present in the RPO and its 

ability to modulate myocardial nitric oxide‐cyclic guanosine 

monophosphate (NO‐cGMP) signalling. Furthermore, some 
of these studies also demonstrated that dietary supplemen- 

tation with RPO may alter mitogen‐activated protein kinase 
(MAPK) signalling in the heart and thereby offer protection 
against oxidative stress such as ischaemia/reperfusion 
injury.5,20

 

Stahl and Sies31 stated that a cocktail of antioxidants in 
natural occurring compounds have far more profound 
effects because of synergistic actions of the individual com- 
pounds. Therefore, as numerous studies18,25,27,30,33,48  have 

indicated involvement of oxidative stress in ANT‐induced 
cardiotoxicity, we hypothesized that dietary supplementa- 

tion of antioxidant‐rich RPO could offer cytoprotection to 
the heart during a period of DNR treatment. 

 
 

MATERIALS AND METHODS 

Animals 

Male Wistar rats (180–200 g, n = 26) were fed a standard rat 
chow diet (SRC) with free access to water. All experiments 
were approved by the ethics committee at Faculty of Health 
and Wellness Sciences, Cape Peninsula University of 

Technology,  South  Africa  (Ref:  CPUT/HW‐REC  2008/ 
009)  and  conforms  with  the  European  Communities 
Council Directive of 1986 (86/609/EEC) and the United 
States National Institute of Health guidelines. 

 

Experimental protocol 

Two groups of rats were placed on different diets for 4 weeks: 
(1) The first group received SRC diet (SRC = control); (2) the 
second  group  received  SRC  diet  plus  RPO  baking  fat −1 

100 cm KHB. After the stabilization period, the hearts were 
switched to the working heart mode  for 35 min, during 
which aortic output (AO), coronary flow (CF), heart rate 
and aortic pressure was measured every 5 min. At the end of 
the perfusion protocol, hearts were freeze clamped for 
biochemical analysis. 

Quantitative real‐time PCR 

Total RNA isolation. One hundred milligrams of heart 
tissue was homogenized in 1 ml TRIzol (Invitrogen), 
insoluble material removed by centrifugation and the 

supernatant separated in 200‐ml chloroform using phase 
lock gel tubes. After DNase treatment and ammonium 
acetate  precipitation,  the  total  RNA  was  purified  using 
RNeasy Mini Kit (Qiagen), and the concentration was 
measured on a NanoDrop Spectrophotometer (ND 1000). 

 
cDNA synthesis. cDNA was synthesised from 1 µg RNA 
(suitably diluted) mixed with 4 µl qScript cDNA SuperMix 
(Quanta BioSciences) in a total volume of 20 µl. The 
mixture was vortexed, centrifuged and incubated at 25 °C 
for 5 min, 42 °C for 30 min, and 85 °C for 5 min and kept at 

4 °C. A standard curve with 0·03125–0·5 µg total RNA was 
made to control for reverse transcription and polymerase 
chain reaction (PCR) quantification. 

Real‐time quantitative reverse transcriptase‐PCR. The 

2.5‐µl template from the cDNA synthesis (diluted 1:5) was 
mixed with 5 µl PerfeCta SYBR Green FastMix (2×) (Quanta 
BioSciences), 0·5 μM forward and reverse primer (SOD1 and 
NOS1; SABiosciences) and RNase free water to a total 
volume of 10 µl. The quantitative PCR was performed on a 
Roche LightCycler 480 with initial denaturation at 95 °C for 
10 min and the PCR cycling at 95 °C for 1 s followed by 60 °C 

(200 µl day ) (Figure 1). Rats were individually housed in for 30 s (45 cycles). A melting curve was obtained at 95 °C 
order to ensure that they consumed equal amounts of RPO 
supplements and given free access to food and water 
throughout the day. After 4 weeks, each of the groups was 

again divided into two new sub‐groups, where one group 
from each diet either received DNR treatment and the other 
saline injections as control (Figure 1). A DNR dose of −1 

for 5 s followed by 65 °C for 60 s. The samples were then held 
at 97 °C continuously. All samples were normalized to 

glyceraldehyde  3‐phosphate  dehydrogenase  [GAPDH 
(f′CCAAGGTCATCCATGACAACTT, r′AGGGGC- 
CATCCACAGTCTT; Invitrogen)] and analysed using the 
LightCycler® 480 software. 

2 mg kg 
− 

1 mg ml 
body weight was achieved by injecting 0·2 ml of a 
solution of DNR per 100 g of body weight. Each 

 

Western blot analysis 
rat received six doses on alternate days, and evaluation of 
heart function was performed the day after the last injection. 
(All groups contained six rats except for DNR, which 
contained eight). 

The tissue protein was extracted with a lysis buffer contain- 

ing (in mM) Tris 20, p‐nitrophenyl phosphate 20, ethylene 
glycol tetraacetic acid 1, sodium fluoride 50, sodium 
orthovanadate 0·1, phenylmethylsulphonyl fluoride 1, dithio- −1 −1 

Working heart perfusions threitol 1, aprotinin 10 µg ml , leupeptin 10 µg ml . The 
 

After dietary supplementation was completed, rats were 
injected with sodium pentobarbitone solution (euthenase, −1 

tissue  lysates  were  diluted  in  Laemmli  sample  buffer, 
boiled for 5 min, and 10 µg (for kinases) or 50 µg protein 

[for  caspase‐3  and  poly  (adinosine  diphosphate‐ribose) 
50 mg kg ), and their hearts rapidly excised and placed in polymerase] was subjected to electrophoresis. The lysate 

cooled Krebs–Henseleit buffer (KHB), before being 
mounted on a working heart perfusion apparatus by 
cannulating the aorta and pulmonary vein. Retrograde 
aortic  perfusion  was  initiated  and  sustained  for  10 min 
(stabilization period) at a constant perfusion pressure of 

protein content was determined using the Bradford tech- 
nique [18]. The separated proteins were transferred to a 
polyvinylidene fluoride membrane (ImmobilonTM P, 
Millipore). These membranes were routinely stained with 
Ponceau red for visualization of proteins and stripped and 
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Figure 1. Experimental protocol. Rats were divided into four groups and fed a standard rat chow diet (SRC) with or without red palm oil (RPO) 
supplementation for 28 days. During the last 12 days of the feeding protocol, the rats underwent a treatment regime with i.p. injections of either daunorubicin 
(DNR) or saline every other day. At the end of the treatment period, the animals were sacrificed, the hearts excised and mounted onto the working heart 
perfusion set up. Functional data (aortic output, aortic pressure, coronary flow, heart rate) were analysed every 5 min, whereas biochemical data (protein 
regulation, mRNA regulation) were analysed on freeze clamped heart tissue after 30 min of perfusion 

 

 

reprobed with anti‐actin antibody to ensure equal loading. 
Non‐specific binding sites on the membranes were blocked 
with 5% fat‐free milk powder dissolved in Tris‐buffered 
saline‐0·1% Tween 20 (TBST) and then incubated with the 
primary antibodies that recognize phospho‐specific and total 
NOS1, SOD1, extracellular signal‐regulated kinase (ERK) 
p42/p44 (Thr202/Tyr204), p38‐MAPK (Thr180/Tyr182) 
and JNK p54/p46 (Thr183/Tyr185) (all from Cell Signalling 
Technology). Membranes were subsequently washed with 
large volumes of TBST (5 × 5 min), and the immobilized 

antibody conjugated with a diluted horseradish peroxidase‐ 
labelled secondary antibody (Amersham LIFE SCIENCE). 
After thorough washing with TBST, the membranes were 

parametric Kruskal–Wallis test. A value of p ≤ 0·05 was con- 
sidered statistically significant. 

 

RESULTS 

Cardiac function 

Combination of dietary RPO supplementation during anti‐ 
cancer treatment regimen with the ANT DNR improved 
cardiac function in the isolated rat heart (Figure 2A and B). 
The RPO + DNR group had significantly increased AO (25%) 

and CF (26%) compared with DNR‐only‐treated group at 
35 min of perfusion (AO: RPO + DNR 41·7 ± 1·6 ml      −1

 

−1 
covered with enhanced chemiluminescence (ECLTM) detec- versus DNR 31·7 ± 2·3 ml min −1 , p ≤ 0·05) and (CF: RPO + −1 
tion reagents and quickly exposed to an autoradiography DNR 23·7 ± 1·6 ml min versus DNR 17·1 ± 1·4 ml min  , 
film (Hyperfilm ECL, RPN 2103) to detect light emission 

through a non‐radioactive method (ECLTM Western blotting). 

Films were densitometrically analysed (UN‐SCAN‐IT, 
Silkscience), and phosphorylated protein values were cor- 
rected for minor differences in protein loading, if required. All 
blots were scanned at a resolution of 150 dpi. The exact 

outline of each band was demarcated in the UN‐SCAN‐IT 
programme, which takes all aspects of density and dis- 
tribution into account.  The full  experimental range was 
analysed on a particular blot. These analyses were performed 
under conditions where autoradiographic detection was in 
the linear response range. 

 

Statistics 

Values are presented as mean ± standard error of the mean. 
Parameters concerning cardiac functions were analysed by 
ANOVA. Within groups differences were tested by a paired 

Student’s t‐test. Protein phosphorylation  results  were 
tested for group differences by one‐way ANOVA, whereas 
mRNA differences were tested for group difference by non‐ 

p ≤ 0·05). There was no significant difference in heart rate 
between the groups (Figure 2C). 

 

mRNA and protein levels of SOD1 and NOS1 

Oxidative stress induced intramyocardial production of 
ROS is regarded as a dogmatic explanation for the 

pathogenesis of ANT‐mediated cardiotoxicity. To further 
investigate the molecular mechanism behind RPO‐mediated 
improved cardiac function, we analysed the mRNA level of 
two important antioxidant systems (SOD and NOS). DNR 
significantly reduced the mRNA levels of SOD1 by 33% 
and NOS1 by 50% as compared with control (SOD1: DNR 
0·39 ± 0·02 versus control 0·58 ± 0·04, p ≤ 0·05) (NOS1: 
DNR 1·19 ± 0·26 versus control 2·35 ± 0·32, p ≤ 0·05). 
However, RPO diet supplementation completely abolished 

the DNR‐induced mRNA decrease, reversing the mRNA to 
basal level (SOD1: DNR + RPO 0·61 ± 0·04, p ≤ 0·05), 
(NOS1: DNR + RPO 2·75 ± 0·54, p ≤ 0·05). RPO supple- 
mentation on its own gave no significant difference 
compared with control (Figure 3). 
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compared with control ( p < 0·05) (Figure 5). However, 
dietary RPO supplementation completely counteracted 
DNR mediated MAPK activation. Another MAPK family 

member, the ERK, commonly known as a pro‐survival 
kinase, was up regulated in hearts from DNR + RPO rats 
(168 ± 4%) compared  with  the  DNR  group  (126 ± 10%, 
p < 0·05) (Figure 5). RPO (180 ± 5%) also up regulated ERK 
42 significantly compared with control (Figure 5). 

 
 

DISCUSSION 

This study demonstrated that dietary supplementation with 
RPO prior and during DNR treatment stabilized both 
biochemical changes and heart function compared with 
control. DNR treated hearts supplemented with RPO 
resulted in stabilization of mRNA and protein levels of 
SOD1 and NOS1, otherwise decreased by DNR. In 
addition, RPO completely counteracted DNR mediated 
MAPK (p38 and JNK) phosphorylation, whereas signifi- 
cantly activating ERK 42 (see Figure 5). DNR treated hearts 
treated with RPO supplementation displayed improved AO 
and CF when compared with DNR treated hearts. These 
findings show that RPO supplementation may attenuate 
some of the negative effects of DNR treatment. 

− 

The RPO dosage in the current study was 200 µl day per rat 
−1 for a 6‐week period, which is the equivalent of 0·58 mg kg 

da −1 for human beings.5 Serbinova et al.,29
 investigating the 

effect of RPO on ischaemia/reperfusion‐induced injury in rat 
heart, applied the same concentration of RPO as in the current −1 

study (200 µl day ). This dose was previously used in healthy 
 
 
 
 
 
 

Figure 2. After completed feeding and treatment period, ex vivo heart 
function was analysed on the working heart perfusion set up. Red palm oil 
(RPO) diet supplementation significantly increased cardiac function as 
shown by increased aortic output (2A) and coronary flow (2B) compared 

with DNR‐only‐treated group. However, there was no significant difference 
between the groups regarding heart rate (2C). # < 0·05 versus DNR, n = 6. 
DNR, daunorubicin; Ctr, control; BPM, beats per minute 

 
 

The protein levels of SOD1 in the DNR group were 
significantly reduced versus control (87 ± 4% versus 100%, 
p ≤ 0·05). RPO (108 ± 1%) and DNR + RPO (106 ± 1%) 
significantly increased SOD1 compared with DNR treated 

and unhealthy heart models in previous studies in a similar 
dose during 5 weeks of supplementation.5,6,20

 

Anthracyclines, with DNR and DOX  as the classical 
agents, were introduced in the 1960s and have been one of the 
major successes of cancer medicine.1,36 Its cardiotoxic side 
effects were first documented in the early 1970s and have 
been linked to the cumulative drug dose.42,43 Different 
approaches have been evaluated to prevent these cardiotoxic 
side effects, one of them being the limitation of the 

cumulative  dose.  Although  these  dose‐limitations  have 
reduced  incidences  of  ANT‐related  cardiac  events,  they 
have unfortunately not completely eliminated the risk of 
cardiotoxicity.11 In addition, a lower ANT dose may lead to 
a lower cancer response rate. The search for novel 
pharmacological cardioprotectors has been, and still, a very 
competative area of research, but so far only one drug, 
dextrazoxane,  has  been  approved  for  use  in  clinical 

hearts (87 ± 4%) (Figure 4). DNR treatment significantly practice.35
 Finally, several ANT analogues with modifica- 

increased NOS1 protein levels (249 ± 15%) compared with 
control (100%). RPO alone (167 ± 10%) and DNR + RPO 
(184 ± 2%) significantly reduced NOS1 protein levels com- 
pared with the DNR treated group (249 ± 15%) (Figure 4). 

tions in structure or stereochemistry compared with the 
classical drugs have been synthesized and tested, but none of 
these newer ANT analogues have stronger antitumor activity 
than their forerunners, and none has fulfilled the drug 

developer’s expectations of substantially improved cardiac 
46 

Stress‐signalling  pathways safety. The current rationale is to combine classical and 

In the present study, it was observed that DNR induced a 
significant increase in phosphorylation of p38 and JNK 

novel agents to maximize the therapeutic effect in clinical 
practice. In the present study, we used a clinical relevant 
dose of DNR, similar to that of Gausdal et al.10
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Figure 3. After ended perfusion protocol, the heart tissue was freeze clamped and analysed for changes in mRNA level of two important antioxidant proteins. 
Dietary red palm oil (RPO) supplementation significantly increased mRNA levels of superoxide dismutase 1 [SOD1 (3A)] and nitric oxide synthase 1 [NOS1 

(3B)] compared with daunorubicin (DNR)‐only‐treated group. All samples were normalized to glyceraldehyde 3‐phosphate dehydrogenase (GAPDH). * < 0·05 
versus control (Ctr), n = 5  

 

The pathophysiology of ANT‐mediated cardiotoxicity 
has often been linked to ROS formation and promotion of 
myocardial  oxidative  stress,  which  can  be  attributed  to 
increased sensitivity of cardiac tissue towards free radical 
damage due to its highly oxidative metabolism and lower 
amount of antioxidant defence.4,39 In addition, ANTs seem 
to be retained within cardiomyocytes more than other cell 
types,16 may be due to its high affinity for cardiolipin, a 
phospholipid mainly present in mitochondrial membranes 
of the heart.13 ROS was first proposed as a possible role 

player in ANT‐mediated cardiotoxicity in 1976, when Myers 
et al. showed amelioration of ANT cardiotoxicity by vitamin 

E (alpha‐tocopherol) without interference with its effective- 
ness  as  chemotherapeutic  agent.25   Although  vitamin  E, 
vitamin A and carotenoids individually demonstrated 
antioxidant capacity, few reports are available on the effects 
of RPO as an antioxidant protector against oxidative stress in 
the heart. Although RPO consists of both fatty acids and 
antioxidants, it is hypothesized that its cardioprotective 
effects are differential, i.e. antioxidants protect during 
ischaemia and fatty acids during reperfusion.40

 

Hassan and Fridovich15 reported as early as 1981 that 
SOD acts as a catalytic scavenger of superoxide radicals, 
which forms the primary defence against cardiotoxic effects 
of the superoxide radical. Results in our study showed that 
SOD mRNA values were significantly decreased in DNR 
treated hearts when compared with untreated control hearts. 
These results are further confirmed with the expression of 
protein levels of SOD, which was also significantly reduced 
in DNR treated hearts. However, when RPO was added to 

the diet, both mRNA and protein level of SOD was 
maintained at control levels. Attenuation of both mRNA 
and protein levels of SOD was associated with increased 
aortic function in hearts that received RPO and DNR. This 
may suggest that RPO protects by scavenging the superoxide 
molecules that would accumulate as a result of down re- 

gulation of SOD mRNA and protein levels. Esterhuyse et al.7 

found that when RPO was supplemented with choles- 
terol, SOD levels were maintained, suggesting that RPO 
might have scavenged the superoxide, because cholesterol 

increases the superoxide.26 Recent studies have shown that 
RPO has the ability to protect against the consequences of 
myocardial oxidative stress conditions, such as ischaemia/ 

reperfusion injury7 or cholesterol feeding.20 This protection 
induced by RPO was, at least in part, due to alteration of the 

NO‐cGMP signalling pathway. The increase in protein 
levels of NOS1 observed in the DNR treated group in our 
study may lead to increased production of NO. Together 
with the decreased protein levels of SOD, this may cause 
significant accumulation of oxidants.12 When RPO was 
added to DNR treatment, these oxidants may have been 
scavenged by powerful antioxidants in the RPO. The high 

concentration of pro‐vitamins E and A (carotinoids) in RPO 
might have induced protection against detrimental effects of 
DNR on SOD1 and NOS1. Ferdinandy and Schultz8 

showed that NO may be detrimental in the ischaemic heart. 
In the current study, increased NOS1 could have caused an 
increase in NO production.8 The beneficial effect of NO is 
normally directed through cGMP production by guanalyl 
cyclase.  However,  with  an  accumulation  of  superoxide, 
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Figure 4. This figure represents the protein levels of myocardial superoxide dismutase 1 [SOD1 (4A)] and neuronal nitric oxide synthase 1 [nNOS1 (4B)] as 
measured by western blot in hearts freeze clamped at the end of the working heart perfusion protocol. SOD1 and nNOS1 were expressed as percentage of 
control (Ctr = 100%). *p < 0·05 versus control. #p < 0·05 versus daunorubicin (DNR). n =5  

 

because of decreased protein levels of SOD1, it is possible 
that an accumulation of both NO and superoxide could be 
partly responsible for the loss of function in DNR 

hearts.12,26 Increased NOS1 protein levels in the DNR‐ 
treated group are  surprising,  as the  mRNA levels were 
decreased in this group. This may have been a case where 
insufficient time has passed from decreased mRNA  ex- 
pression in order to affect protein expression. 

Previous studies have indicated a contributing role for 
vitamin E and vitamin A in protection against the car- 
diotoxic effects of DNR.25  More recently, Wahab et al.44

 

reticulum.17 It has also been shown that vitamin A may 
offer protection against DNR associated cardiotoxicity, as 

β‐carotene reduced DOX‐induced lipid peroxidation in rat 
liver,41 whereas Tesoriere et al.37 showed significant pre- 

vention of DOX‐induced  cardiomyopathy by vitamin A 
evident from the histopathological pattern observed after 
light microscopy. In addition, it was shown in a survival 
study that pretreatment with 25 IU of vitamin A per 
kilogramme significantly increased the survival rate of the 

animals.37 We therefore suggest that RPO might induce 
protection against the cardiotoxic effects of DNR treatment 

− 

found  that  vitamin  E  (250 mg kg 
− 

day for  15 days) by maintaining the levels of NOS1 and SOD1 at baseline 
increased  total  protein  level  and  glutathione  peroxidase 
and SOD activity as well as decreased malondialdehyde 

(MDA) compared with DOX‐only‐treated group in Ehrlich 
ascites carcinoma‐bearing mice.44 Increasing amount of oral 

values through the action of its fat soluble antioxidants. 
Aortic output in hearts treated with DNR was significantly 

reduced compared with hearts treated with DNR and RPO. 
These results were associated with a significant increase in −1 −1 

vitamin E supplementation (10, 45 and 200 mg kg day   ) activation of both p38 and JNK MAP kinases. Increased p38 
was found to proportionally decrease MDA production and 
increase SOD activity in red blood cells in DOX treated 
mice.38 This was substantiated with evidence that vitamin E 
attenuated the decreases in body and heart weight, and 
myocardial contractility as well as changes in ECG 

parameters compared with idarubicin‐only‐treated group. 
In addition, vitamin E blocked idarubicin‐induced swelling 
of  mitochondria  and  reduced  dilation  of  sarcoplasmic 

and JNK activation is normally associated with reduced 
cardiac function and apoptosis in an ischaemia/reperfusion 
perfused rat heart model.24,45 Supplementation with RPO 
was able to prevent this increase  in  activation  of  p38 
and JNK with DNR treatment. It has been reported by 
several independent researchers that classical ANTs induce 
apotosis/injury with concomitant activation of p38 and 
JNK pathways in primary neonatal cardiomyocytes,19,28,49
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Figure 5. Phosphorylation status of myocardial p‐p38 (5A), phosphorylated Jun N‐terminal kinase [p‐JNK (5B)] and phosphorylated extracellular signal‐ 
related kinase 1/2 [p‐ERK1/2 (5C)] in hearts subjected with treatment with daunorubicin (DNR) and red palm oil (RPO). Total β‐actin indicates equal loading. 
Densometric analysis of phosphorylated immunoblots expressed in arbitrary units (AU) where phosphoproteins were expressed as a ratio of total protein with 
control (Ctr = 100). *p < 0·05 versus control. #p < 0·05 versus DNR. $p < 0·001 versus RPO. n =5  

 

in the rat myeloblast cell line H9c2,2 
in vivo after a single 

−1 19 

ERK1/2 and hence induction of endogenous antioxidant 
47 

dose of DOX (15 mg kg   ) or after DOX treatment over a enzymes. Xiang et al. put forward the first evidence that 

2‐week period.23 Furthermore, attenuation of ANT‐mediated 
apoptosis/injury is often associated with inhibition of either 
p38 and/or JNK as seen with the use of the antioxidant, 

probucol,23 and the p53 inhibitor, pifithrin‐α.2 

Another distinct MAPK family member is the ERKs, 
which are activated through several different signals, 
including growth factors, cytokines, virus infection, ligands 

for heterotrimeric G protein‐coupled receptors, transforming 
agents and carcinogens. The ERKs are often regarded as pro‐ 
survival  kinases,  and  many  papers  propose  that  ERK 
activation is involved in cardioprotective pathways induced 
by different cardioprotectors. ERK activation was shown to 

be involved in the pro‐survival pathway by which PGE2 

prevents  myocardial  apoptosis  induced  by  DOX.9   Han 

et al.14 suggest that Naringenin‐7‐O‐glucoside could prevent 
DOX‐induced cardiotoxicity in myocytes via activation of 

ERK signalling was activated by dexrazoxane, the only 
cardioprotective agent in clinical use (in vivo). The protective 

effect of ICl,vol inhibitors that prevent DOX‐induced 
apoptosis in primary rabbit cardiomyocytes has also been 
shown to be dependent on the activation of ERK.3 It was also 

found that the therapeutic effect of granulocyte colony‐ 
stimulating factor against DOX‐induced cardiomyopathy in 
mice  functions  via  the  restoration  of  ERK  activation.21

 

Furthermore, Oleyethanolamide improved cardiac function 
in DOX mediated cardiomyopathy in rats and in vitro studies 

suggested that Ras‐ERK activation is involved in this 
protection.32 On the contrary, some researchers introduce 

ERK activation as part of ANT‐induced cardiotoxicity per se 
as seen both in H9c2 cells (Lou et al. 2005;2,9) and rat 
neonatal cardiomyocytes.22  In addition, Lou et al. (2005) 
describe early phosphorylation of ERK1/2 in the early stage 
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of DOX‐induced cardiomyopathy in rats. However, they 
also postulate an explanation for these contradicting obser- 
vations regarding ERK where a transient increase in ERK1/2 
at a shorter interval indicate an early adaptive response, 
whereas failure of this response correspond with heart failure 
(Lou et al. 2005). 

We clearly demonstrated that RPO improved the 
biochemical profile of hearts treated with DNR through 
involvement of antioxidants and the MAPK pathways. This 
was associated with unchanged function in DNR treated and 
RPO supplemented animals when compared with control. 
Therefore, circumstantial evidence may indicate a possible 
role for RPO to be used together with DNR treatment. 
However, clarification is needed on dosage of DNR and 
RPO, as well as duration of perfusion experiments. 
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