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The objective of this study was to evaluate the effect of different concentrations of red palm olein (RPO)
on antioxidant enzymes activity of rat liver. Seventy eight (78) rats were randomly divided into thirteen
(13) groups of 6 rats per group and treated with different concentrations of RPO (5, 10 and 15%) for 2, 4
and 8 weeks. Rats in the control group were given normal rat pellet only, while those in treated groups,
5, 10 and 15% of additional RPO were given. After 2, 4 and 8 weeks of treatment, the catalase (CAT)
activity results showed that there was no significant difference (P20.05) between the control group and
the treated groups. The mean value of the catalase activity after 2 weeks in control group for 5, 10, and
15% were 1328, 1612, 1298 and 1270 U/mg, respectively. For superoxide dismutase (SOD), there was no
significant difference (P=20.05) between the control group and treated groups after 2 and 8 weeks of
treatment but there was significant difference (P<0.05) in the 15% RPO group after 4 weeks.
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INTRODUCTION

Palm oil is the only vegetable oil available in the world
market in appreciable quantities that are rich in toco-
trienols and have been reported to be natural inhibitors of
cholesterol synthesis (Edem, 2002; Radhika et al., 2003).
The tocopherols and tocotrienols promote an
antithrombotic state by reducing platelet aggregation and
modulating prostanoid synthesis, and the tocopherols are
important minor components of oils and fats because of
their antioxidant properties (Che et al., 2005). Red palm
oil (RPO) is extracted from the oil palm (Elaeis guineenis)
fruit and the red colour is derived from the high content of
alpha- and beta-carotenes, which can make up 0.08%
(w/w) of the crude oil (Monica et al., 2006). Several
studies have illustrated that RPO is a rich cocktail of lipid-
soluble antioxidants such as carotenoids (a- and f-
carotene, lycopenes), vitamin E (in the form of a-, -, &-
tocotrienols and tocopherol) (Spinnler, 2003; Oguntibeju
et al.,, 2010). The first step is the formation of a lipid
radical by the abstraction of a hydrogen atom by an
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initiating radical and the most susceptible substrates for
this radical attack in biomembranes are the
polyunsaturated fatty acids (PUFAs) containing two or
more double bonds (Kevin et al.,, 1984). Antioxidant
enzymes such as superoxide dismutase (SOD), an
important radical superoxide scavenger and play an
important role in cell protection (Zullyt et al, 2007).
Therefore, these enzymes are very good biochemical
markers of stress and their increased activity may attest
to a potential for remediation (Malgorzata and Edward,
2003; Edem and Akpanabiatu, 2006). Catalase is a
common enzyme found in nearly all living organisms
which are exposed to oxygen, where it functions to
catalyze the decomposition of hydrogen peroxide to
water and oxygen (Chelikani et al., 2005). Catalase has
one of the highest turnover numbers of all enzymes; one
molecule of catalase can convert millions of molecules of
hydrogen peroxide to water and oxygen per second
(David, 2004). Hydrogen peroxide is a harmful by-product
of many normal metabolic processes to prevent damage;
it must be quickly converted into other less dangerous
substances. To this end, catalase is frequently used by
cells to rapidly catalyze the decomposition of hydrogen
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peroxide into less reactive gaseous oxygen and water
molecules (Geatani et al., 1996; Ohkawa et al., 1979).
Superoxide dismutase (SOD, EC 1.15.1.1) is a class of
enzymes that catalyzes the dismutation of superoxide
into oxygen and hydrogen peroxide (McCord and
Fridovich, 1988; Anuradah and Chatterjee, 1988). SOD is
an enzyme that is found ubiquitously in oxygen
metabolising organisms. The substrate of superoxide
dismutase is the superoxide radical anion which is
generated by the transfer of one electron to molecular
oxygen. It is responsible both for direct damage of
biological macromolecules and for generating other
reactive oxygen species (ROS). SODs keep the
concentration of superoxide radicals in low limits and
therefore play an important role in the defense against
oxidative stress (lan et al., 2005). SOD catalyzes the
dismutation of two superoxide radicals to O2 and H202
(Yazar and Tras, 2001). Therefore, the objective of this
study was to investigate the effect of different
concentrations of red palm olein (RPO) on antioxidant
enzymes of rat liver fed with RPO until 8 weeks of
growth.

MATERIALS AND METHODS

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).

Sodium hydrogen phosphate (Na;HPO.), potassium dihydrogen
phosphate (KH.PO.), EDTA (Ethylenediaminetetraacetic acid),
sodium carbonate (NaxCQOgz), anhydrouse copper sulphate (CuSO,
5H,O) and Folin reagent were obtained from Sigma (USA).
Hydrogen pyroxide (H20), sodium potassium tartrate, NaOH,
cacodylic acid ((CHs)2AsO2H) and pyrogallol (CeHsO3z) were from
Merck (Germany). Oil samples evaluated consist of carotino® red
palm olein provided by carotino SDN BHD company. The test diet
was prepared by mixing RPO with normal commercial rat pellet to
contain 5, 10 and 15% of the RPO. The 5% diet was prepared by
adding 5 g RPO to 95 g rat pallet, and mixed manually and the diets
were then left to absorb the RPO at room temperature overnight
and stored at 20°C before the feeding trial was conducted. Similar
process was conducted with 10, and 15% RPO.

Seventy eight (78) Sprague Dawley male rats each weighing
between 170 and 250 g and approximately 80 days old were
obtained from the animal house of the Faculty of Science and
Technology, Universiti Kebangsaan Malaysia. The rats were fed ad
libitum with commercial rat's food containing 5, 10 and 15% red
palm oil. At the end of the experiment, after 2, 4 or 8 weeks of
treatment, the feeding of rats was stopped and the rats were fasted
for 18 h. They were anesthetized using chloroform. The liver was
removed immediately and was washed with NaCl solution. It was
stored at -8°C until analyzed.

Sample preparation

A 0.2 g sample of liver was cut into small pieces by scissors. Tissue
was suspended in 2 ml of 50 mM phosphate buffer (pH 7.4)
containing 1% triton, and was homogenized using a mixer at top
speed for 3 min afterwards, the homogenate was centrifuged at
20000 g for 25 min. In this process, the temperature was main-

tained at 4°C during the homogenization process.

Determination of catalase (CAT)

Enzyme activity 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 of hydrogen peroxide
solution (30 mM). The absorbance was recorded for 2 min at 240
nm immediately after adding hydrogen peroxide solution. Catalase
activity was expressed as moles of hydrogen peroxide reduced/
min/mg protein.

Determination of SOD

Activity of 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 Tris-cacodylic acid
bufffer at pH 8.2, containing 1 mM EDTA, 300 pl of liver
homogenate and 300 pl of 0.2 mM pyrogallol. The absorbance was
recorded for 3 min at 420 nm immediately after adding the
pyrogallol solution. Superoxide dismutase activity was expressed
as units of SOD/minute/mg protein.

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

Figure 1 shows the results of CAT activity at different
concentrations of RPO (5, 10 and 15%) for different times
(2, 4 and 8 weeks) of treatment. After 2 weeks, there was
no significant difference (P=0.05) between the control
group and 10 and 15% concentrations of RPO, while at
5%, there was an increased in the catalase activity. At 4
weeks, there was no significant difference (P=0.05)
between the control group and different concentration
groups (5, 10 and 15%) of RPO. At 8 weeks, there was
no significant difference between the control group and
5% group, while at 10 and 15% there was decrease of
the catalase activity and there was no significant
difference (p=0.05).

Figure 2 shows the results of SOD activity at different
concentration of RPO (5, 10 and 15%) for different times
(2, 4 and 8 weeks) of treatment. After 2 weeks, there was
an increased in SOD activity at 5% as compared to the
control group, while there was a decrease in SOD activity
at 10 and 15% groups when compared to 5% RPO
group. However, there was no significant difference
(P=0.05) among these groups. On the contrary, at 4
weeks, the SOD activity increased with increasing duration
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Figure 1. Mean (n = 6) of CAT in rat liver sample was at A (2 weeks), B (4 weeks) and C (8 weeks). There was no
significant different (P=0.05) between control group and rat liver treated with different concentrations of red palm olein

(RPO).

duration of treatment in all concentrations as compared to
the control group. There was no significant (P=0.05)
increase in SOD activity at 15% concentration of RPO. At
8 weeks, there was no significant difference (P=0.05)
between the control group and all the treatment groups of
RPO, except that there was decrease in SOD activity at
15% of RPO.

DISCUSSION

Antioxidants form an important part of a cell defence
against free radical damage. Antioxidant enzymes, in
particular, constitute a major part of this defence (Arunabh
et al., 2003; Edem, 2009). It is evident from earlier work
that different concentrations of RPO have differential
effects on the activities of antioxidant enzymes (Zullyt et
al., 2007).

The results from this study, after 2, 4 and 8 weeks,
showed that under sedentary conditions, ad libitum
feeding of RPO showed no significant difference in the
level of the catalase in the control group and different
concentration groups (5, 10, and 15%) of RPO treatment.
Mazlan et al. (2002) reported that the catalase is the
slowest of the earlier mentioned antioxidant enzymes to
respond to an increased level of free radicals. Therefore,
after 4 weeks, the activity of SOD was significantly
increased (P<0.05) in 15% of RPO dietary group as
compared to the control group but the increase in the
10% of RPO dietary group was not statistically significant.
On the other hand, the decrease in 15% of RPO after 2
and 8 weeks was not statistically significant.

Results from the antioxidant enzyme determinations
showed that basal SOD level were higher in 15% RPO
group after 4 weeks of treatment, confirming the earlier
reports of Mazlan et al. (2002) that showed that supple-
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Figure 2. Mean (n = 6) of SOD rat liver samples at A (2 weeks), B (4 weeks) and C (8 weeks). Different alphabets within the

same period indicate significant different (P<0.05).

mentation with a-tocopherol increased the level of SOD.
This enzyme scavenges free radicals and prevents
oxidative damage. The results of this study showed that
15% of RPO which contain -carotene and vitamin E for
4 weeks may enhance the antioxidant enzyme (SOD)
defence system but recent study observed that SOD level
decreased in 15% after 8 weeks of treatment.

Antioxidant enzymes, such as SOD play a major role in
removing the ROS (Malgorzata and Edward, 2003).
Similar to the reported case of Mazlan et al. (2002), this
study found that two weeks period in which this experi-
ment was carried out may be insufficient to observe any
change in the activity of this enzyme. However, this study
found that SOD activity level decreased with increase of
the period to 8 weeks of 15% RPO treatment. In addition
to this, Yazar and Tras (2001) reported that prior
induction of ROS could cause an increase intracellular
SOD activity. Hence, first induction of ROS may cause

changes in SOD activity and then SOD activity may
return to the normal level. SOD enzyme, together with
CAT, protects cells against damage caused by free
radicals and hydro or lipoperoxides (Suleyman et al.,
2007; Surapaneni and Vishnu, 2009). These results thus,
suggest that a combination of carotenoids and vitamin E
(tocopherol and tocotrienol) in the RPO has an important
role in the protection against free radical damage. Red
palm oil contains the highest concentration of tocotrienols
when compared with other vegetables or plants and the
tocotrienols can be 40 to 60 times more potent as anti-
oxidant than tocopherols (Jacques et al., 2008). Inherent
antioxidant defense systems consisting of enzymes, such
as CAT and SOD, and antioxidant nutrients may
participate in coping with oxidative stress. As antioxidant
enzymes have an important role in the protection
against free radical damage, a decrease in the activities
or expression of these enzymes may predispose tissues



to free radical damage (Jaya et al., 1998).

Conclusion

This study shows that there was no significant difference
in the level of catalase in the control group and different
concentrations of the groups of RPO treatment, but after
4 weeks at 15%, RPO enhanced the SOD activity level in
liver rat. It can be concluded that the effect of different
concentrations of RPO appear to depend on the different
period of treatment.

ACKNOWLEDGEMENTS

This work was supported by the Third World Organization
for Women in Science (TWOWS) and was funded by
UKM-GUP-NBT-27-103 and UKM-HEJIM-Industri-16-
2010. We gratefully thank the University of Kebangsaan
Malaysia for their technical assistance.

REFERENCES

Aebi H (1984). Catalase in vitro. Meth Enzymol. 105: 121-126.

Anuradah N, Chatterjee IB (1988). Assay of superoxide dismutase
activity in animal tissues. J. Biosci. 13(3): 305-315.

Arunabh B, Richard AL, Aparna K, Khaliquz Z, Dongxu S, Gabriel F
(2003) Effect of dietary n-3 and n-6 oils with and without food
restriction on activity of antioxidant enzymes and lipid peroxidation in
livers of cyclophosphamide treated Autoimmune-Prone NZB/W
female Mice. J. Am. Coll. Nutr. 22(5): 388-399.

Chelikani P, Ramana T, Radhakrishnan TM (2005). Catalase: A
repertoire of unusual features. Indian J. Clin. Biochem. 20(2): 131-
135. (The year in the work does not correspond with year in
reference)

Che Man YB, Ammawath W, Mirghani MES (2005). Determining a-
tocopherol in refined bleached and deodorized palm olein by Fourier
transform infrared spectroscopy. Food Chem. 90: 323-327.

David S (2004) PDB Molecules of the Quarter: DNA ligase, capases, &
catalase. RCSB PDB Newsletters, 23: 1-8.

Edem DO (2002). Palm oil: Biochemical, physiological, nutritional,
hematological and toxicological aspects: A review. Plant Foods Hum.
Nutr. (57): 319-343.

Edem DO, Akpanabiatu Ml (2006). Effects of palm oil-containing diets
on enzyme activities of rats. Pak. J. Nutr. 5(4): 301-305.

Edem DO (2009). Haematological and histological alterations induced in
Rats by Palm Oil-Containing Diets. Eur. J. Sci. Res. 32: 405-418.

Farshad A, Fereydoun S, Sara M, Mahmoud D, Abbas R, Maryam C
(2007). Age-related alterations in lipid peroxidation and activities of
erythrocyte cytoprotective enzymes in women. Arya Atherosclerosis
J. 3:81-86.

Geatani G, Ferraris A, Rolfo M, Mangerini R, Arena S, Kirkman H
(1996). Predominant role of catalase in the disposal of hydrogen
peroxide within human erythrocytes. Blood, 87(4): 1595-1599.

Glenn FV, Christine CW (1988). Inhibiton of adriamycin-promoted
microsomal lipid peroxidation by B- carotene, a-tocopherol and retinol
at high and low oxygen partial pressures. FEBS. J. 238(2): 353-356.

Daugan et al. 4655

lan WB, Anne KK, Vladimir ML, Elena VB, Mark JF, James AB, Keith
SW, Anthony JW (2005). Structures of two superoxide dismutases
from Bacillus anthracis reveal a novel active centre. Acta Crystallogr.
F. 61: 621-624.

Jaya TV, Poomchai A, Neera S, Gabriel F (1998). Effects of dietary n-6
and n-3 lipids on antioxidant defense system in livers of exercised
rats. J. Am. Coll. Nutr. 17: 586-594.

Jacques VR, Adriaan JE, Anna-Mart E, Eugene FT (2008). Health
benefits of a natural carotenoid rich oil: A proposed mechanism of
protection against ischaemia/reperfusion injury. Asia Pac. J. Clin.
Nutr. 17: 316-319

Kamat PJ, Devasagayam TPA (1995). Tocotrinols from palm oil as
potent inhibitors of lipid peroxidation and protein oxidation in rat brain
mitochondria. Neurosci. Lett. 195: 179-182.

Kevin C, Rahamw B, Keith |, Trevofr S (1984). Lipid peroxidation and
lipid antioxidants in normal and tumor cells. Toxicol. Pathol. 12: 235-
239.

Marklund S, Marklund G (1974). Involvement of the superoxide anione
radical in the autoxidation of pyrogallol and convenient assay for
superoxide dismutase. Eur. J. Biochem. 47: 469-474.

Malgorzata K, Edward AGD (2003). Antioxidant enzymes in paraquat
and cadmium resistant cell lines of horseradish. Biol. Lett. 40(1): 61-
69.

Mazlan M, Abd Halim F, Mat Top G, Wan Z (2002). Effect of vitamin E
on plasma malondialdehyde, antioxidant enzyme levels and the rates
of wound closures during wound healing in normal and diabetic rats.
Asia Pac. J. Clin. Nutr. 11: 448-451.

McCord JM, Fridovich | (1988). Superoxide dismutase. Free Radic. Biol.
Med. 5: 363-369.

Monica O, Ingrid V, Noel WS (2006). Household usage of and recipe
creation with condiment sauces based on red palm oil: Exploring the
potential for targeted micronutrient delivery to different family
members. J. Oil Palm Res. 18: 181-188.

Oguntibeju OO, Esterhuyse AJ, Truter EJ (2010). Possible role of red
palm oil supplementation in reducing oxidative stress in HIV/AIDS
and TB patients: A Review. Res. J. Med. Plant. 4(3): 188-196.

Ohkawa H, Nobuko O, Kunio Y (1979). Assay for lipid peroxides in
animal tissues acid reaction. Anal. Biochem. 95: 351-358.

Radhika MS, Bhaskaram P, Balakrishna N, Ramalakshmi BA (20083).
Red palm oil supplementation: A feasible diet-based approach to
improve the vitamin A status of pregnant women and their infants.
Food Nutr. Bull. 24: 208-217.

Suleyman K, Handan G, Yeter D, Nihatmert M, Hakkiyoruk I, Tevhide S
(2007). Studies on serum a-tocopherol, seleniumlevels and catalase
activities in lambs with white muscle disease. Bull. Vet. Inst. Pulawy,
51:281-284.

Surapaneni KM, Vishnu PV (2009). Lipid peroxidation, glutathione,
ascorbic acid, vitamin E, antioxidant enzyme and serum
homocysteine status in patients with polycystic ovary syndrome. Biol.
Med. 1(3): 44-49.

Spinnler BAJ (2003). A place for palm fruit oil to eliminate vitamin A
Deficiency. Asia Pac. J. Clin. Nutr. 12(3): 369-372.

Yazar E, Tras B (2001). Effects of fluoroquinolone antibiotics on hepatic
superoxide dismutase and glutathione peroxidase activities in healthy
and experimentally induced peritonitis mice. Revue de Medecine
Veterinaire, 152: 235-238.

Zullyt BZ, Ricardo GA, Dailen G, NelsonMerino FHR, Silvia MC, Yaima
AG, Siegfried S (2007). Antioxidant mechanism is involved in the
gastroprotective effects of ozonized sunflower oil in ethanol-induced
ulcers in rats. Mediat. Inflamm. 10: 1-6.



