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Abstract:  Problem statement: The objective of the study was to evaluate the effect of Red Palm Olein 
(RPO) and Palm Olein (PO) on lipid profile and antioxidant enzyme in normal and stressed rat. 
Approach: Thirty six Sprague Dawley male rats which were randomly divided into six groups of 6 rats 
per group (tree normal groups and three stressed groups) were treated with 15% of RPO and PO for four 
weeks. Results: The results at 4 weeks of treatment showed a decline in Low Density Lipoprotein 
Cholesterol (LDL-C) level at RPO and PO for normal and stressed groups compared to the control group. 
The High Density Lipoprotein Cholesterol (HDL-C) level increased in RPO and PO of the normal and 
stressed groups. There was significant decreased (p≤0.05) in the TC in RPO normal group for 4 weeks of 
treatment compared to the control group while the TC in PO was within the normal range and increased 
in stressed group. After 4 weeks of treatment the study indicated that there was no significant (p≥0.05) 
effect on antioxidant enzyme (superoxide dismutase) in stressed rat liver but there was a significant 
decreased (p≤0.05) on catalase in stressed rat liver. Conclusion: These results could be due to the high 
content of vitamin E (tocopherols and tocotrienols) and β-carotene in red palm olein. 
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INTRODUCTION 

 
 Psychological atherosclerotic lipid profile with 
oxidation of lipids. This turn plays a significant role in 
the development of Atherosclerotic Heart Disease 
(AHD) (Benson and Devi, 2009). Vitamin E, a 
naturally occurring antioxidant, is found in abundance 
in the environment. It is an essential fat-soluble vitamin 
and is considered a generic name describing 
bioactivities of two of its derivatives, tocopherol and 
tocotrienol. Tocopherol has a saturated hydrocarbon 
side chain whereas tocotrienol possesses three 
unsaturated carbon chains. The biological activity of 
vitamin E is believed to be due to its antioxidant action 
to inhibit lipid peroxidation in biological membranes by 
scavenging the peroxyl chain reaction (Azlina et al., 
2005; Dauqan et al., 2011). Vitamin E is known to have 
scavenger effect on reactive oxygen species and a 
stabilizing effect on damaged cell membrane (Azlina et 
al., 2005; Dauqan et al., 2011).  
 The exposure to stress situations can stimulate 
numerous pathways, leading to increased production of 
oxygen free radicals Free radicals generate a cascade 

producing lipid peroxidation. Lipid peroxidation is one 
of the main events induced by oxidative stress. Lipid 
peroxidation can produce a range of enzymatically 
damaging consequences Extensive lipid peroxidation is 
shown to cause membrane disorganization, by 
peroxidizing mainly the polyunsaturated fatty acids and 
phospholipids leading to alterations in the ratio of 
polyunsaturated fatty acids to other fatty acids. Thus, 
lipid peroxidation is considered as a serious 
consequence of free radical toxicity leading to profound 
changes in the membrane structure and function that 
may even cause cellular death (Nayanatara et al., 2005). 
Previous studies have indicated that stress stimulated 
numerous pathways leading to increased levels of free 
radicals (Liu et al., 1996; Kashif et al., 2003; 2004; 
Akpinar et al., 2008). Toxic free radicals have been 
implicated as important pathologic factors in 
cardiovascular diseases. Oxidative stress arises when 
the balance between pro-oxidants and antioxidants is 
shifted toward the pro-oxidants (Torres et al., 2004). 
 A stressful condition leads to the excessive 
production of free radicals which results in oxidative 
stress an imbalance in the oxidant per antioxidant 
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system. Generation of free radicals is an integral feature 
of normal cellular functions in contrast to excessive 
generation and/or inadequate removal of free radical 
results in destructive and irreversible damage to the cell 
(Srikumar et al., 2007). Under normal conditions, there 
is a natural defense system provided by several 
enzymes such as Superoxide Dismutase (SOD), 
Catalase (CAT) and Glutathione Peroxidase (GSH-Px) 
which performs a vital role for detoxification of free 
radicals. The use of antioxidant rich food or antioxidant 
food supplements became immensely popular since 
many diseases have been associated with oxidative 
stress (Akpinar et al., 2008). Therefore the objective of 
this research was to investigate the effect of Red Palm 
Olein (RPO) and Palm Oil (PO) on lipid profile and 
antioxidant enzyme in normal and stressed rat after 4 
weeks of treatment. 
 

MATERIALS AND METHODS 
 
Instruments: The following instruments were used in 
this study: (i) High-speed homogenizer (DI18 basic, 
IKA, Germany) (ii) centrifuge (Eppendorf 5810 R, 
Germany) (iii) UV-Visible spectrophotometer (Hitachj 
U-1800 single, Germany), (iv) A Reflotron (ROCHE, 
10007908, Germany), (v) A centrifuge (KUBOTA 
2010, Malaysia) with speed 3000 r.p.m at room 
temperature for 10 min.  
 
Chemicals: Sodium hydrogen phosphate (Na2HPO4), 
potassium dihydrogen phosphate (KH2PO4), EDTA 
(Ethylenediaminetetraacetic acid), sodium carbonate 
(Na2CO3), anhydrouse copper sulphate (CuSO4 5H2O), 
Folin reagent were obtained from Sigma (USA). 
Hydrogen pyroxide (H2O2), sodium potassium tartrate, 
NaOH, cacodylic acid ((CH3)2AsO2H) and Pyrogallol 
(C6H6O3) were from Merck (Germany). 
 
Experimental diets: The Evaluated Red Palm Olein 
(RPO) samples consist of carotenes (576 ppm), vitamin 
E (>800 ppm) and free fatty acids (0.045%) provided 
by Carotino SDN BHD company and Palm Olein (PO) 
(Seri Murni) was obtained commercially. The test diet 
was prepared by mixing RPO with normal commercial 
rat pellet to contain 15% of the Red Palm Olein (RPO) 
and Palm Olein (PO). The 15% diet was prepared by 
adding 15 g RPO and PO to 85g rat pellet and mixed 
manually and the diets were then left to absorb the oils 
at room temperature overnight and stored at 20°C 
before the feeding trial was conducted.  
 
Animals: Thirty six Sprague Dawley male rats each 
weighing between 175-240 g and approximately 80 

days old were obtained from the animal house of the 
Faculty of Science and Technology, Universiti 
Kebangsaan Malaysia. They were randomly divided 
into six groups of 6 rats per group and were treated with 
15% of RPO and PO for 4 weeks. Rats in control group 
were given normal rat pellet only while in treated 
groups were fed ad libitum with15% of additional RPO 
and PO were given. At the end of the experiment, after 
4 weeks of treatment the feeding of rats was stopped 
and the rats were fasted for 18 h. They were 
anesthetized usinsg chloroform. Blood samples were 
collected from post vena cava and transferred into 
EDTA tubes immediately and the liver was removed 
immediately and was washed it with NaCl solution. It 
was stored at -80°C until analyzed. 
 
Experimental conditions:   Normal (N) group: Rats 
were maintained under standard laboratory conditions 
and fed with respective diet till the completion of the 
experiment. For Stress (S) group rats were restrained by 
placing them in individual nylon plastic bag for 3 h/day 
for one week before killing. Under these conditions rat 
were fed with respective diet, till the completion of the 
experiment. 
 
Lipid analysis of the blood: Total Cholesterol (TC) 
and Triglyceride (TG) were measured by strips with 
reflotron-machine using 32 µL−1 whole blood. High 
Density Lipoprotein Cholesterol (HDL-C) was 
determined by strips (Roche, Germany) with reflotron-
machine using 32 µL−1 plasma blood. Plasma blood 
was prepared using a centrifuge (KUBOTA 2010, 
Malaysia) with speed 3000 r.p.m at room temperature 
for 10 min to remove red blood cells and recover 
plasma. Low Density Lipoprotein Cholesterol (LDL-C) 
was calculated from TC, HDL-C and TG values using 
the Friedwald equation. 
 LDL (mg/dL) = Total Cholesterol-HDL 
Cholesterol-Triglycerides/5 (Puavilai and 
Laoragpongse, 2004). All analyses were completed 
within 24 h of sample collection. 
 
Determination of Catalase (CAT) activity: Enzyme 
activity of catalase (EC.1.11.1.6) was determined based 
on Aebi’s method (1984). Catalase activity was 
measured at 22°C by monitoring the decomposition of 
hydrogen peroxide. The reaction mixture consisted of 
2.0 mL of the liver homogenate suspended in phosphate 
buffer (50 mM, pH 7.0) and 1.0 Ml−1 of hydrogen 
peroxide solution (30 mM). The absorbance was 
recorded for 2 m. at 240 nm immediately after adding 
hydrogen peroxide solution. Catalase activity was 
expressed as moles of hydrogen peroxide 
reduced/min/mg protein. 
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Fig. 1: Protein standard curve 

 
Determination of Superoxide Dismutase (SOD) 
activity: Activity superoxide dismutase (EC.1.6.4.2) 
was assayed based on the method of Marklund and 
Marklund (1974). Superoxide dismutase activity was 
determined at 22°C by using the pyrogallol. The 
reaction mixture consisted of 50 mM of cacodylic acid 
buffer pH 8.2, containing 1mM EDTA, 300 µL−1 of 
liver homogenate, 300 µL−1 of 0.2 mM pyrogallol. The 
absorbance was recorded for 3 minutes at 420 nm 
immediately after adding the pyrogallol solution. 
Superoxide dismutase activity was expressed as units of 
SOD/minute/mg protein.  

 
Determination of protein concentrations: Protein 
concentrations were determined based on the Lowry 
method of Waterborg (2002). To 0.1 mL−1 of sample or 
standard was added 0.1 mL−1 of 2 N NaOH and 
hydrolyze at 100°C for 10 min in a heating block or 
boiling water bath. The hydrolysate was cooled to room 
temperature and added 1 mL of freshly mixed complex-
forming reagent. Let the solution stand at room 
temperature for 10 min. After that, 0.1 mL of Folin 
reagent was added using a vortex mixer and let the 
mixture stand at room temperature for 30-60 min (do 
not exceed 60 min). The absorbance was recorded at 
750 nm if the protein concentration was below 500 µg 
mL−1 or at 550 nm if the protein concentration was 
between 100 and 2000 µg mL−1. Figure 1 showed the 
standard curve of absorbance which was plotted as a 
function of initial protein concentration and used it to 
determine the unknown protein concentrations. 

 
Statistical analysis: Results were expressed as mean 
values ± SEM (n = 6). Means of six samples were 
compared by Analysis Of Variance (ANOVA). 
Significant differences between means were determined 
by Tukey’s least different significant difference 
(p≤0.05). The software used was MINITAB® (14.20). 

RESULTS 
 
Effect of RPO and PO on blood lipid profile: Figure 
2 shows the results of TC, TG, HDL-C and LDL-C 
levels in blood samples of normal and stressed rats that 
were treated with 15% of RPO and PO for 4 weeks of 
treatment.  After 4 weeks, there was no significant 
difference (p≥0.05) in TC level between control group 
and 15% RPO and PO of normal group but there was a 
significant increased (p≤0.05) in 15% PO stressed 
group compared to PO and control stressed group. This 
could be due to the fact that RPO is rich in antioxidant 
particularly β-carotene and vitamin E.  The results of 
TG level in blood samples of normal and stressed rats 
that were no significant difference (p≥0.05) between 
control group and 15% RPO and PO of normal and 
stressed groups. The HDL-C level in blood samples of 
normal and stressed rats was significant difference 
(p≤0.05) between control group and 15% RPO and PO 
normal groups while there was no significant difference 
(p≥0.05) between control group and 15% RPO and PO 
stressed groups. The results of LDL-C level in blood 
samples of normal and stressed rats that were treated with 
15% of RPO and PO for 4 weeks of treatment showed 
there was no significant difference (p≥0.05) between 
control group and 15% RPO and PO normal groups but 
there was significant difference (p≤0.05) between control 
group and 15% RPO and PO stressed groups.  
  Figure 3 shows the results of GOT and GPT level 
in blood samples of normal and stressed rats that were 
treated with 15% of RPO and PO for 4 weeks of 
treatment.  After 4 weeks, there was no significant 
difference (p≥0.05) in GOT level between control 
group and 15% RPO normal group whereas there was 
significant difference (p≤0.05) between control group 
and 15% PO normal group. The GOT level was 
significantly lower (p≤0.05) in 15% RPO and PO 
stressed groups than the control group. The results of 
GPT level were significantly lower (p≤0.05) GPT level 
in 15% RPO and PO of normal and stressed groups than 
the control group.  
 
Effect of RPO and PO on liver antioxidant enzymes: 
Figure 4 shows the results of CAT and SOD activity in 
liver samples of normal and stressed rats that were 
treated with 15% of RPO and PO for 4 weeks of 
treatment.  After 4 weeks, there was no significant 
difference (p≥0.05) in CAT activity between control 
group and 15% RPO and PO normal groups. There was 
a significant decreased (p≤0.05) in CAT of control 
group and 15% RPO stressed group but CAT was 
significantly higher (p≤0.05) in 15% PO stressed group 
than the control group.  
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Fig. 2: (A) The Total Cholesterol (TC) in normal and stressed rats fed with red palm olein and palm olein for 4 

weeks. Bars are mean ±SEM (n = 6), different alphabet an each bar indicate significant different (p≤0.05). (B) 
The Triglyceride (TG) in normal and stressed rats fed with red palm olein and palm olein for 4 weeks. Bars 
are mean ±SEM (n = 6), different alphabet an each bar indicate significant different (p≤0.05).  (C) The High 
Density Lipoprotein (HDL-C) in normal and stressed rats fed with red palm olein and palm olein for 4 weeks. 
Bars are mean ±SEM (n = 6), different alphabet an each bar indicate significant different (p ≤0.05). (D) The 
Low Density Lipoprotein (LDL-C) in normal and stressed rats fed with red palm olein and palm olein for 4 
weeks. Bars are mean ±SEM (n = 6), different alphabet an each bar indicate significant different (p≤0.05) 

 

   
 (a) (b) 

 
Fig. 3: (A) The Glutamate Oxaloacetate Transaminase (GOT) in normal and stressed rats fed with red palm olein 

and palm olein for 4 weeks. Bars are mean ± SEM (n = 6), different alphabet an each bar indicate significant 
different (p≤0.05).   (B) The Glutamate Pyruvate Transaminase (GPT) in normal and stressed rats fed with 
red palm olein and palm olein for 4 weeks. Bars are mean ± SEM (n = 6), different alphabet an each bar 
indicate significant different (p≤0.05) 
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Fig. 4: (A) The catalase (CAT) activity in normal and stressed rats fed with red palm olein and palm olein for 4 

weeks. Bars are mean ±SEM (n = 6), different alphabet an each bar indicate significant different (p≤0.05). (B) 
The Superoxide Dismutase (SOD) in normal and stressed rats fed with red palm olein and palm olein for 4 
weeks. Bars are mean ±SEM (n = 6), different alphabet an each bar indicate significant different (p≤0.05) 

 
The results of SOD activity in liver samples were  
significantly lower (p≤0.05) SOD in 15% RPO and PO 
of normal and stressed groups than the control group.  
 

DISCUSSION 
 
 Nowadays, people cannot escape from a busy and 
complex lifestyle. Society should also be aware that 
they are often faced with the daily problems that can lead 
to stressful situations if they do not deal with a clever 
way. Stress or in everyday language is called pressure, is 
a common phenomenon that is often experienced by 
individuals in their daily lives. Among the conditions that 
can lead to stress conditions is a heavy workload, 
conflicts in relationships, serious financial problems and 
so on (Azlina et al., 2011).  Stress is known to bring 
negative impact on the mind and body. Exposure to 
repeated or prolonged stress can lead to excessive 
exposure to stress hormone that increases the risk of 
various health problems (Kelly et al., 2008). 
 The antioxidant defense systems in the body can 
only protect the body when the amount of the free 
radicals is within the normal physiological level. But 
when this balance is shifted towards more of free 
radicals increasing their burden in the body either due 
to environmental condition or produced within the body 
and it leads to oxidative stress which may result in 
tissue injury and subsequent diseases (Aher et al., 
2011). Table 1 showed the effect of different RPO and 
PO on body weight of normal and stressed rats.  The 
body weight increased in each group compared with 
control groups. The means that the increased in body 
weight of rats could be attributed to the high total body 
fat content in the groups fed with different 
concentrations of RPO in comparison with control 
groups. Current study observed that the results of the 
body weight of normal rat increased more than stressed 
rats during the period of treatment and this indicates 
that stress leads to lower body weight. 

Table 1: The mean ± SEM values of body weight (n = 6) 
 Normal rats  Stressed rats 
 --------------------------------------- ---------------------------------------- 
 Body weight Body weight Body weight Body weight  
Groups before treatment after treatment before treatment after treatment 
Control 219.6±6.15b 329.4±9.9a 204.9±8.43b 261.1±27.5a 
RPO 212±6.14 b 310.1±11.3a 208.6±6.06b 286.7±24.1a 
PO 211±4.66 b 317.5±5.18a 204.6±7.15b 306.8±5.3a 

 
 Coronary Artery Disease (CAD) is the most 
common form of heart disease. Fatty deposits called 
plaques, composed of cholesterol and fats, build 
upon the inner wall of the arteries. The rupture of 
these lipid-laden plaques and exposure of substances 
that promote platelet activation and thrombin 
generation result in thrombus, which interrupts blood 
flow. This condition leads to an imbalance between 
oxygen supply and demand and if this imbalance 
exceeds, it results in Myocardial Infarction (MI) or 
heart attack (Surekha et al., 2007). 
  Blood lipids as a whole participate as a key 
intermediate in atherogenesis (Aruj et al., 1994). 
Results of this study showed an increased level of TC in 
rat fed with PO stressed group. The treated groups 
under stress conditions showed a rise in the level of TC 
in PO group, but did not increase the level of 
cholesterol in the red palm oil stressed group. This 
finding were similar to that of Benson and Devi (2009) 
who reported that the TC levels has not shown 
significant decrease under stress conditions. The reason 
is that red palm oil is rich in vitamin E and beta-
carotene, while palm oil contains vitamin E. There are 
many studies on the role of oxidative stress but these 
studies were in the etiology of type 2 diabetes, gastric, 
brain lipid peroxidation or DNA damage while there are 
very few oxidative stress studies in blood lipid profile 
and not under the same conditions of the current study. 
 The replacement of saturated fatty acids with 
Polyunsaturated Fatty Acids (PUFA) has been 
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recommended over the last few years as dietary change 
that would lower serum cholesterol and assist in 
preventing the development of atherosclerosis. 
However, inclusion of PUFA in the diet increases the 
risk for lipid oxidation and causes oxidative damage 
through free radical chain reaction in cellular and 
subcellular membranes. Vitamin E a fat-soluble vitamin 
is a major antioxidant responsible for terminating free 
radical chain reactions that result from the oxidation of 
PUFA (Shireen et al., 2008). The ROS thus produced 
can then attack the double bonds in polyunsaturated 
fatty acids, inducing lipid peroxidation which may 
result in more oxidative cellular damage to the 
membrane lipids, Feeding experiments using various 
animal models have highlighted that red palm oil is 
beneficial to health by reducing oxidative stress 
(Oguntibeju et al., 2010).   Palm oil is rich in 
monounsaturated fatty acids, antioxidant and vitamins 
and is widely used as oil in diet in many parts of the 
world. PO has been reported to have beneficial effects 
in oxidative stress association and arterial thrombosis 
and hypertension (Karaji-Bani et al., 2006).  Red palm 
oil contains equal proportion of saturated and 
unsaturated fatty acids such as oleic acid, linolenic acid, 
palmitic acid, linoleic acid, stearic acid and arachidic 
acid. It is known to be the richest source of carotenoids 
in terms of provitamin A equivalents that is α and β- 
carotenes (Oguntibeju et al., 2010). 
 Abdel-Rahman (2011) showed that 
supplementation of vitamin E for 3 weeks improved the 
picture of oxidative stress in diabetic rats as evidenced 
by a significant (p<0.05) reduction in triglycerides and 
in LDL cholesterol and significant increase in HDL 
cholesterol. Antioxidant vitamins C and E and beta-
carotene have the potential to prevent or retard 
atherogenesis by inhibiting oxidation of Low-Density 
Lipoprotein (LDL) cholesterol (Singh et al., 1995). 
Vitamin E is considered as the standard antioxidant to 
which other compounds with antioxidant activities are 
compared, especially interms of its biological activity 
and clinical relevance. A part from these carotenoids 
such as beta‐carotene (Aher et al., 2011). Duthie and 
Bellizzi (1999) reported that oxidation of LDL is an 
important event in the development of vascular disease 
and that antioxidants which inhibit LDL oxidation can 
prevent or inhibit disease progression. 
 The activities of Glutamate Oxaloacetate 
Transaminase (GOT) and Glutamate Pyruvate 
Transaminase (GPT) are cytosolic marker enzymes 
reflecting hepatocellular necrosis as they are released 
into the blood after cell membrane damage. Ji et al. 
(2006) reported that the activities of GOT and GPT in 
the circulation as indicators of liver damage. The effect 

of oxidative restraint stress on GOT and GPT results in 
this study was not in agreement with  Devaki et al. 
(2010) who found that GPT and GOT increased. 
Devaki’s study differed from this study in type of 
feeding which was standard rat chow and tap water ad 
libitum.  Devaki et al. (2010) used male Wistar rats. Ji 
et al. (2006) reported that the enzyme activities of 
GOT, GPT and LDH of diabetic rats were also 
decreased in diabetic rats treated with four different 
plant extracts. 
 The finding of this study were similar to that of 
Benson and Devi (2009) who reported that the CAT 
activity in RPO group has shown significant decrease  
compared to PO and RPO groups under stress 
conditions.  Many studies emphasize the important role 
of Reactive Oxygen Species (ROS) in the pathogenesis 
of various liver diseases (Percival, 1998; Tanikawa and 
Torimura, 2006; Bekheet et al., 2009). Stress is known 
to increase oxidative stress in the major organs 
including the liver (Azlina et al., 2011).  Vitamin E is a 
major antioxidant vitamins found in the cell and can 
prevent cell damage through its activity as a free radical 
chain breaker (Aher et al., 2011). Free radicals have 
been implicated in the etiology of large number of 
major diseases. They can adversely alter many crucial 
biological molecules leading to loss of form and 
function. Such undesirable changes in the body can lead 
to diseased conditions. Antioxidants can protect against 
the damage induced by free radicals acting at various 
levels (Aher et al., 2011). β-Carotene has received 
considerable attention in recent times as a putative 
chain-breaking biological antioxidant and its ability to 
interact with free radicals such as peroxyl radicals and 
to scavenge and quench singlet oxygen is well 
documented (Farombi and Britton, 1999). Defense 
mechanisms against free radical-induced oxidative 
damage include the catalytic removal of free radicals 
and reactive species by factors such as Catalase (CAT), 
Superoxide Dismutase (SOD) and reduction of free 
radicals by electron donors such as vitamin E 
(tocopherol and tocotrienol) (Limon-Pacheco and 
Gonsebatt, 2009). 
 

CONCLUSION 
 
  The Total Cholesterol (TC) and Triglyceride (TG) 
were within the normal range with RPO and PO normal 
rat for duration of treatment while under stress 
condition the PO group has shown increase in TC level 
compared to RPO and control groups.  However, the 
HDL-C increased in RPO and PO of normal group but 
it was within normal range under stress condition. In 
contrast, the results of LDL-C decreased with RPO and 
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PO of stressed group compared to the control group. 
However, rats treated with 15% RPO and PO for 4 
weeks showed a decreased in GOT and GPT under 
normal and stress condition. These results could be due 
to the high content of vitamin E (tocopherols and 
tocotrienols) and β-carotene in red palm olein. 
Treatment with 15% RPO and PO diets did not affect 
the CAT level after 4 weeks of treatment under normal 
condition while there was decreased in CAT level with 
RPO and increased with PO under stress conditions.  
Additionally, the results in RPO group showed that 
higher SOD activity compared to PO and control 
groups under normal conditions while there were no 
significant difference (p≤0.05) in SOD between the 
control group and treated groups under stress 
conditions. 
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