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ABsTRACT 

Antioxidant status and liver histopathology in male rats fed with different doses of red palm oil (RPO) were investigated. Liver and 

plasma ferric reducing antioxidant power (FRAP), total glutathione (GSHt) in the red blood cells (RBC) as well as catalase (CAT), 

glutathione peroxidase (GPx) and superoxide dismutase (SOD) activities in the RBC and liver were determined. Our results showed 

no significant differences (p>0.05) in both liver and plasma FRAP and RBC GSHt in the RPO fed groups when compared with the 

control group. CAT activities significantly increased (p<0.05) at both 2 ml and 4 ml RPO groups in both the liver and RBC. GPx 

activities in the RBC significantly (p<0.05) increased at 2 ml and 4 ml RPO when compared with the control group. RPO did not 

significantly increase SOD in the RBC while its activities were increased in the liver. There were no histopathological alterations 

in the liver of RPO fed groups when compared with the control rats. In conclusion, red palm oil could up-regulate the levels of 

antioxidant enzymes and hence, its dietary consumption could help to boost antioxidant status in the body and thus promote 

overall well-being. 
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INTROduCTION 

Red palm oil (RPO) comes from the fruit of the oil palm (Elaeis 

guineensis), originating from the rain forest region of West Af- 

rica, used mainly for cooking and it is one of the economically 

viable products for export for many years[1]. Red palm oil is dis- 

tinctive as compared to other dietary fats in that palm oil con- 

tains the highest known concentrations of natural antioxidants, 

especially provitamins A carotenes and vitamin E[2]. Caroten- 

oids such as alpha and beta- carotenes are precursors of vitamin 

A that are converted into vitamin A in vivo[1]. Dietary antioxi- 

dants which include nutrient antioxidants are chain breaking 

antioxidants and at the same time with enzyme antioxidants, 

scavenge the reactive oxygen species (ROS) and reactive nitro- 

gen species (RNS) within physiological limits[3]. The carotenoid 

in crude palm oil is considered to be about 15 times more than 

in carrots and it plays an important role by acting as biological 

antioxidants, protecting cells and tissues from the damaging ef- 

fect of free radicals[4]. 

The antioxidant properties of tocotrienols in palm oil bring 

many benefits to the human body such as preventing skin ag- 

ing, prevention of fat oxidation, reduction of blood pressure as 

well as having anti-cancer activities[4]. Palm oil is beneficial by 

reducing blood pressure and thrombotic tendency of platelets 

while offering protection against oxidative damage of the liver 

and other organs[5]. Palm oil is oxidatively stable owing to a fatty 

acid composition with low polyunsaturation and high antioxi- 

dant content[6]. The bioavailability of palm oil nutrients is excel- 
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lent as the fat soluble vitamins are embedded in the oil medium. 

Consumption of food containing phytochemicals with potential 

antioxidant properties could lessen the risk of human disease[7]. 

Antioxidant defence mechanisms involve both enzymatic and 

non-enzymatic strategies which include vitamins A, C, and 

E, glutathione and enzymes such as superoxide dismutase, 

catalase, glutathione peroxidase, and glutathione reductase[8]. 

They act synergistically with each other and against different 

types of free radicals[8]. The antioxidant enzymes are very good 

biochemical markers of stress and their elevated activity may 

confirm a potential for remediation[9,10]. The study was carried 

out to investigate if graded doses of red palm oil could be well- 

tolerated and potentially confer effective antioxidative benefits 

following its dietary intake in male Wistar rats. 

 

MATERIALs ANd METhOds 

Animal care 

Male Wistar rats (195-240 g) were obtained from Stellenbosch 

University, Tygerberg, South Africa and used throughout the 

study. The study was conducted after obtaining Ethical Com- 

mittee Clearance from Cape Peninsula University of Technology 

(CPUT/HAS-REC 2010/A002). The rats were individually housed 

in a well controlled environment set at 22°C ± 2°C with 50% ± 

5% humidity and a 12-h hour light cycle. They were randomly 

placed in four groups. Group 1 (n=5) received no supplementa- 

tion and served as the control while groups 2 (n=6), 3 (n=6) and 

4 (n=6) received 1ml, 2 ml and 4 ml red palm oil (RPO) respec- 
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tively. Each group of rats was allowed free access to water and 

standard rat chow (SRC) for seven weeks. Carotino palm fruit 

oil from Malaysia at different doses (1 ml, 2 ml and 4 ml) was 

added to the standard rat chow daily diet of the experimental 

animals for seven weeks. At the end of the seven weeks, all the 

animals were sacrificed after overnight fasting. Blood samples 

were collected from the abdominal aorta into appropriate tubes 

Plasma total polyphenols determination 

The plasma was deproteinised using 0.5 M perchloric acid 

(PCA) (1:1 v/v). Folin-Ciocalteu method was used to determine 

the total plasma polyphenol according to the method of Single- 

ton et al.[16]. Briefly, the reaction was initiated by the addition of 

125 μl of Folin reagent (0.2 N) and 100 μl of sodium carbonate 

(7.5% Na2CO ) to 25 μl of sample into a clear 96-well micro- 
and then centrifuged to obtain the serum, plasma and red blood 

3 

plate. A blue colour was formed and measured at 765 nm after 
cells for biochemical analysis. The liver was removed, frozen in 

liquid nitrogen and stored at -80°C until analysis. 

Antioxidant enzymes assay 

The activities of antioxidant enzymes in the liver and red blood 

cells were determined. Liver homogenates (10% w/v) were pre- 

pared in a phosphate buffer, centrifuged at 10,000 g (4°C) for 

10 mins and the supernatant kept at -80°C for enzyme analyses. 

Catalase (CAT) activity was determined spectrophotometrically 

at 240 nm by monitoring the decomposition of H2O2 and ex- 

pressed as μmole H2O2/min/μg protein according to the method 

of Aebi[11] while superoxide dismutase (SOD) activity was de- 

termined by the method of Crosti et al.[12] modified for a micro- 

plate reader at 490 nm and expressed as the amount of protein 

(μg) required to produce a 50% inhibition of auto-oxidation 

of 6-hydroxydopamine. Glutathione peroxidase (GPx) activity 

was measured spectrophotometrically (340 nm) by the method 

of Ellerby and Bredesden[13] and expressing activity as nmoles 

NADPH/min/μg protein. 

Ferric reducing antioxidant power (FRAP) assay 

The ferric reducing antioxidant power was determined using 

the method described by Benzie and Strain[14]. Ten (10)μl of the 

plasma and liver homogenates was mixed with 300μL FRAP 

reagent in a 96-well clear plate. The FRAP reagent was a mix- 

ture (10:1:1, v/v/v) of acetate buffer (300 mM, pH 3.6), tripyridyl 

triazine (TPTZ) (10 mM in 40 mM HCl) and FeCl3.6H2O (20 

mM). After incubation at room temperature for 30 min, the plate 

was read at a wavelength of 593 nm in a Multiskan Spektrum 

plate reader (Thermo Fisher Scientific). Ascorbic acid (AA) was 

used as the standard and the results expressed as μmol AAE/L 

for plasma and μmol AAE/g tissue for liver homogenates. 

Total glutathione, total protein, albumin and globulin analysis 

Total glutathione level (GSHt) in the red blood cells (RBC) 

was determined according to the method of Asensi et al.[15]. 

The sample was deproteinised using 5% metaphosphoric acid 

(MPA) solution. Briefly, 50μl of the samples was added to plate 

wells, 50μl of 5, 5'-dithiobis-2-nitrobenzoic acid (DTNB) was 

added, followed by 50μl of glutathione reductase. The reac- 

tion was initiated by addition of 50μl of nicotinamide adenine 

dinucleotide phosphate (NADPH) to a final volume of 200μl. 
The change in absorbance was monitored at 412 nm for 5 min 

and levels of total glutathione (GSHt) calculated using pure glu- 

tathione as standard and expressed as μmol/mg protein. Total 

protein and albumin levels in the serum were measured with 

kits using an automated chemistry analyzer (Easy RA Medical, 

USA) according to manufacturer`s instructions. Globulin level 

was determined by using the formula (Globulin = Total protein 

– Albumin). 

2 hr incubation at room temperature in a Multiskan Spectrum 

(Thermo Electron Corporation – USA). Gallic acid as the stand- 

ard and the result expressed as mg/L GA. 

Histopathological evaluations 

At the end of the treatment, animals were sacrificed to collect 

the liver. The organ was blotted to remove excess blood, fixed 

in 10% neutral formalin, trimmed and processed for paraffin 

embedment and 5 μm thick of tissue sections were stained with 

haematoxylin and eosin. Histopathological evaluations of the 

liver were examined using light microscopy at 20x magnifica- 

tion. 

Statistical analysis 

Data were expressed as the means ± standard deviations. Sig- 

nificant differences between mean values of different groups 

were determined by one-way analysis of variance (ANOVA) 

with MedCalc software. Data not normally distributed was log 

transformed and analyzed using the Kruskal-Wallis one-way 

ANOVA on ranks hypotheses. Differences were considered 

significant at p<0.05. 

 

REsuLTs 

Figures 1 (a-c) indicate the activities of CAT, GPx and SOD in 

the liver and red blood cells of rats fed with different doses of 

red palm oil. There was a significant (p<0.05) increase in the 

activities of CAT in both the liver and RBC at 2 ml and 4 ml 

in comparison to the control group. Similarly, RPO at all the 

 
 

Table 1: Nutritional Composition of Carotino Red Palm Oil. 
 

 Per 100 ml 

Energy 

Total Fat 

Monounsaturates 

Polyunsaturates 

Saturates 

Trans fat 

Natural Carotenes 

Beta Carotene  

Alpha Carotene 

Other Carotenes 

Natural Vitamin E 

19.5% Tocopherols 

80.5% Tocotrienols 

Cholesterol, Sodium 

Protein, Carbohydrate, Dietary Fibre 

Co- Enzyme Q10 

3400 KJ 

92 g 

43 g 

12 g 

37 g 

0 g 

46 mg 

22 mg 

17 mg 

7.3 mg 

74 mg 

 
 
 

0 mg 

0 g 

4.0 mg 

The table shows the nutritional composition (per 100 ml) as adapted from the nutritional 

label of the Carotino Palm Fruit Oil from Malaysia. 
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Figure 1a: Effect of dietary red palm oil on the activity of CAT in the liver and red blood cells. 
(*) Indicates significant difference from control group at p<0.05 

 

 
Figure 1b: Effect of dietary red palm oil on the activity of GPx in the liver and red blood cells. 

(*) Indicates significant difference from control group at p<0.05 

 

 
Figure 1c: Effect of dietary red palm oil on the activity of SOD in the liver and red blood cells. 

(*) Indicates significant difference from control group at p<0.05 

 

different doses used in this study, significantly elevated the ac- 

tivity of RBC GPx while liver GPx activity showed no significant 

(p>0.05) increase when compared with the control rats. SOD 

activity was not significantly (p>0.05) increased in the RBC 

while there was significant (p<0.05) increase in the liver at 

1 ml and 4 ml RPO. 

Figures 2 (a-d) indicates the histopathology of the liver of rats. 

The histopathology of the liver of control group and groups fed 

with 1ml, 2 ml and 4 ml RPO showed normal structures. 

Table 2 indicates the effects of different doses of red palm oil on 

plasma and liver FRAP status, RBC GSHt, protein, albumin and 

globulin. There were no significant (p>0.05) effects of red palm 

oil on the levels of FRAP, GSHt, protein, albumin and globulin 

when compared with the control group. 

dIsCussION 

Antioxidants are substances that, when present in foods at low 

concentrations compared with that of an oxidizable substrate, 

clearly delay or prevent the oxidation of the substrate[17]. Anti- 

oxidant actions have been ascribed to different mechanisms 

such as prevention of chain initiation, decomposition of per- 



  

 
 

 
 

Figure 2: (a) The histopathology of the liver of the control group (b) The histopathology of the liver at 1ml RPO (c)The histopathology of the 

liver at 2ml RPO (d) The histopathology of the liver at 4ml RPO. 

 

oxides, reducing capacity and radical scavenging[18,19]. They 

are believed to play an important role in the defence system 

to counteract ROS which are involved in the pathophysiology 

of the aging process in the body[20]. The combined effect of 

dismutase is a protective enzyme that can selectively scavenge 

the superoxide anion radical by catalyzing its dismutation to 

hydrogen peroxide[32,33]. 

Catalase breaks down hydrogen peroxide (H2O2) to water and 
carotenoids, tocopherols, tocotrienols and 50% unsaturation 
of the fatty acids gives palm oil a higher oxidative stability as 

molecular oxygen while GPx reduces H2O2 to water at the cost 

compared to other vegetable oils[21,22]. Palm oil is a key source 

of vitamin E (having both tocopherols and tocotrienols)[23]. 

of oxidation of reduced glutathione (GSH)[34]. Hydrogen perox- 

ide, a weak oxidizing agent inactivates a few enzymes directly 
[19] 

Oguntibeju et al.[24] reported that the connection between nutri- by oxidation of essential thiol (-SH) groups . The present study 

tion and health in oxidative stress has created more research 

interest in red palm oil. Tocotrienols have powerful neuropro- 

tective, anti-cancer and cholesterol lowering properties that are 

frequently not shown by tocopherols[25]. Reduced risk of cancer, 

cardiovascular disease and age-related macular degeneration 

has been linked with dietary intake of carotenoids, even though, 

the overall evidence is inconsistent[26,27]. It has been suggested 

that a combination of carotenoids and vitamin E (tocopherols 

and tocotrienols) present in RPO plays a vital role in protecting 

against free radical damage[10]. 

The FRAP assay is reproducible and linearly related to the mo- 

shows that red palm was able to elevate the activities of some 

antioxidant enzymes in the experimental rats. The activities of 

liver catalase at 2 ml and 4 ml RPO and RBC GPx at 4ml RPO 

were increased. SOD was significantly increased in the liver at 

1 ml and 4 ml RPO. The no significant difference in the liver 

SOD at 2 ml RPO could be due to the physiological conditions 

of the animals in the group. The results suggest that RPO could 

up-regulate the activity of these enzymes at the extracellular 

level and can potentially help the body to fight against oxidative 

stress mediated diseases. Narang et al.[35] also showed a signifi- 

cant rise in myocardial SOD, CAT and GPx activities in rats fed 
[36] 

lar concentration of the antioxidant[28]. It measures the sample`s with palm olein oil. In a similar vein, Oguntibeju et al. has 

ability to reduce the intense blue ferric tripyri-dyltriazine com- 

plex to its ferrous form, thereby changing its absorbance[14,29]. 

The reducing capacity of a compound could be used as an 

important indicator of its possible antioxidant activity[19]. Our 

results showed that red palm oil did not alter the plasma FRAP 

status and total polyphenols levels in the experimental animals. 

The reason could be related to the fact that no disease condi- 

tion was induced in the animals during the time of this study. 

Oxidative stress has been linked to cardiovascular diseases, 

cancer, and other chronic diseases that account for the majority 

of deaths[30]. SOD, CAT, and GPx are considered to be the most 

important endogenous enzymes in protecting oxidatively chal- 

lenged tissues as they exhibit synergistic interactions by protect- 

ing each other from specific free radical attacks[31]. Superoxide 

also reported a significant increase in the activities of SOD, CAT 

and glutathione reductase (GR) in rat erythrocytes following di- 

etary supplementation with red palm oil. However, the mecha- 

nism by which red palm oil could induce antioxidant enzymes 

is still unknown. Possible mechanism by which components of 

red palm oil act at the molecular and cellular levels could be as 

a result of their roles in the gene expression and regulation of 

the antioxidant enzymes. Reduced glutathione is a major non- 

enzymatic and intracellular antioxidant that acts as reducing 

agent for the elimination of H2O2 and lipid hydroperoxide with 

the action of GPx and glutathione S-transferases (GST)[34,37]. The 

present study did not show any significant difference in the level 

of total glutathione in the RBC of palm oil fed rats when com- 

pared with the control group. 

 
Table 2: Effect of different doses of red palm oil on FRAP status, GSHt, total protein, albumin and globulin levels in the of rats. 

 

 
RPO dosage 

FRAP 

µmol/L µmol/g tissue 

 

Gsht 

µmol/mg protein 

 
Total Protein g/L 

 
Albumin g/L 

 
Globulin g/L 

 

0 ml 

Plasma Liver RBC Serum Serum Serum 

274.92 ± 95.62 1.16 ± 0.29 0.060 ± 0.02 58.47 ± 3.26 34.67 ± 0.82 23.79 ± 3.12 

1 ml 362.83 ± 21.77 0.90 ± 0.17 0.044 ± 0.02 58.67 ± 1.98 35.24 ± 1.13 23.43 ± 1.69 

2 ml 274.46 ± 97.62 1.22 ± 0.14 0.059 ± 0.02 55.17 ± 2.15 33.92 ± 1.29 21.24 ± 1.01 

4 ml 282.33 ± 53.79 1.36 ± 0.32 0.058 ± 0.02 57.39 ± 2.89 34.08 ± 0.51 23.31 ± 2.94 

(*) Indicates significant difference from control group at p<0.05 
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Proteins have long been regarded as a principal target for oxi- 

dants due to their abundance in biological systems[38]. In this 

study, no significant differences in the levels of total protein, 

albumin and globulin in comparison to the normal control rats 

were shown. Albumin has numerous important physiological 

and pharmacological functions such as transportation of metals, 

fatty acids, cholesterol, bile pigments, and drugs[39]. It represents 

the key and predominant antioxidant in plasma, a body com- 

partment known to be exposed to continuous oxidative stress[39]. 

Albumin concentrations could be found enhanced in sites of 

inflammation, for the protein to exert its multiple antioxidant 

properties[39,40]. Albumin, bound to bilirubin efficiently inhibited 

lipid oxidation and the antioxidant activity is likely due to an 

interaction of bilirubin with -tocopherol incorporated within 

lipoproteins[41]. In this study, the histhopathological evaluations 

of the liver in all the groups revealed normal liver architecture 

which consists of an enormous interanastomosing network of 

parenchyma liver cells (hepatocytes) arranged in single-cell 

thick plates separated by vascular sinusoids. 

In conclusion, dietary intake of RPO may confer a wide variety 

of beneficial health effects and the different dosages of RPO 

used in this study did not cause any undesirable alterations in 

the biochemical parameters of RBC and liver of the rats. It can 

be suggested that the increased activities of antioxidant en- 

zymes is as a result of the inducing effect of RPO in the supple- 

mented diet of the rats. Due to the fact that oxidative stress has 

been implicated in the development of various diseases such 

as diabetes, cardiovascular diseases, cancer, HIV/AIDS, further 

studies are required to explore the antioxidant potentials of red 

palm oil as well as the mechanism by which red palm oil could 

induce the activation of antioxidant enzymes. 
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