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Abstract: The aim of the present study was to investigate the effects of Moringa oleifera seed oil against 

acetaminophen-induced liver injury. 24 male Wistar albino rats were distributed into four treatment groups of 

six animals each and treatment lasted for ten days. Group1 animals were the Controls while the group2 animals 

received acetaminophen dosage (1g/Kg body weight) only on the tenth day. Group3 animals received oral 

administration of Moringa oleifera seed oil (2ml/kg weight) also for 10days prior to being treated with 

acetaminophen (1g/kg body weight) on the tenth day. Group4 animals were administered only with the seed oil 

for ten days. Plasma activities of liver marker enzymes ALT and ALP were significantly lower (p<0.05) in 

animals pre-treated with Moringa oil, compared with those treated with only acetaminophen. Likewise, oral 

pre-treatment with the oil resulted in a marked reduction in the severity of liver injury, with hepatic MDA 

formation significantly lower (p<0.05) in group3 animals compared with those in group2. Furthermore, 

histological examination of the liver tissues revealed changes consistent with the reported biochemical findings. 

These results suggest that Moringa oleifera seed oil contains natural antioxidants which are believed to mediate 

its hepatoprotective effects.    
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I.        Introduction 
Liver is the largest organ of the human body weighing approximately 1500g, and is located in the upper 

right corner of the abdomen on top of the stomach, right kidney and intestines and beneath the diaphragm [1]. 

The liver is prone to xenobiotic-induced injury because of its central role in xenobiotic metabolism, its portal 

location within the circulation, and its anatomic and physiologic structure [2]. Due to the important role the liver 

plays in biotransformation of drugs and toxins, drug-induced hepatotoxicity should be a major concern in drug 

development and chronic drug therapy [1]. Hepatotoxicity can be characterized into two main groups, each with 

a different mechanism of injury: hepatocellular and cholestatic [3]. A hepatocellular pattern is marked by 

isolated or predominant elevations of serum transaminases [4]. On the other hand, cholestatic injury is 

characterized by predominantly initial alkaline phosphatase level elevations that precede or are relatively more 

prominent than increases in the levels serum transaminases [1]. Generally mixed type of injuries, involving both 

hepatocellular and cholestatic mechanisms, occurs [5].  

Chemical agents that cause liver injury are otherwise called hepatotoxins.  Main patterns of liver injury 

during hepatotoxicity may include zonal necrosis, hepatitis, cholestasis, steatosis, granuloma, vascular lesions, 

neoplasm and veno-occlusive diseases [1]. Hepatotoxicity and drug-induced liver injury also account for a 

substantial number of compound failures, highlighting the need for drug screening assays, such as stem cell-

derived hepatocyte-like cells, that are capable of detecting toxicity early in the drug development process [6]. 

More than 900 drugs have been implicated in causing liver injury [7] and this is the most common reason for a 

drug withdrawal from the market.  

Acetaminophen is a widely used analgesic and antipyretic drug [8], usually well-tolerated in prescribed 

dose but overdose is the most common cause of drug-induced hepatotoxicity worldwide [1]. The drug 

Acetaminophen is commonly known as paracetamol. Damage to the liver is not due to the drug itself, but to a 

toxic metabolite, N-acetyl-p-benzoquinone imine (NABQI), which is produced by cytochrome P-450 enzymes 

in the liver [9]. These drug-metabolizing enzymes detoxify many xenobiotics but activate the toxicity of others 

[10]. An overdose of the analgesic drug acetaminophen can lead to severe liver injury in humans and in 

experimental animals; although the mechanism of this injury is still not entirely clear [10]. According to Singh 

et al. [1], the toxic metabolite NAPQI (otherwise called NABQI) forms a covalent adduct with mitochondrial 

proteins having thiol groups and plasma membrane proteins involved in calcium homeostasis. Disruption of 

calcium homeostasis may result in the activation of many membrane damaging enzymes like ATPases, 

phospholipases, proteases and endonucleases, disruption of mitochondrial metabolism and ATP synthesis and 

damage of microfilaments used to support cell structure [1].  

Drug-induced injury to hepatocytes and bile duct cells can lead to cholestasis; this in turn causes 

intrahepatic accumulation of toxic bile acids and excretion products, which promotes further hepatic injury [10]. 
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Liver injury can be diagnosed by certain biochemical markers like alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline phosphatase (ALP) and bilirubin [1]. The elevation of serum activities of 

hepatocellular enzymes ALT, AST and ALP is a reflection of their increased passage into the serum from 

damaged liver cells [11]. Serum alkaline phosphatase increases to some extent in most types of liver injury [12]. 

Bile acids account for this increase: they induce alkaline phosphatase synthesis and exert a detergent effect on 

the canalicular membrane, allowing leakage into serum [13, 14]. The highest concentrations are observed with 

cholestatic injuries [15].  

Significant amount of evidence has pointed to the potential involvement of oxidative stress in 

acetaminophen toxicity [16]. For instance, toxicity of acetaminophen was reportedly decreased after the 

administration of encapsulated superoxide dismutase (SOD) in the rat [17]. It is therefore against this backdrop 

that lipid peroxidation has been suggested to play a key role in the pathophysiology of acetaminophen-induced 

liver injury, but the exact mechanism remains yet unraveled. Malondialdehyde (MDA) is one of the most 

frequently measured biomarkers of oxidative stress in an organism.  

The use of and search for drugs and dietary supplements derived from plants have accelerated in recent 

years [18]. Medicinal properties of plants have also been investigated in the light of recent scientific 

developments throughout the world, due to their potent pharmacological activities, low toxicity and economic 

viability, when compared with synthetic drugs [19]. Therefore, owing to its vast medicinal potentials, Moringa 

oleifera plant has recently gained much attention. Although native to South Asia (particularly India), Moringa 

oleifera plant is now widely cultivated across Nigeria and almost the entire West African sub-region. Moringa 

oleifera is the best known of the thirteen species in the genus Moringa of Family Moringaceae; these are 

Moringa oleifera, M. arborea, M. borziana, M. concanensis, M. drouhardii, M. hildebrandtii, M. longituba, M. 

ovalifolia, M. peregrine, M. pygmaea, M. rivae, M. ruspoliana and Mstenopetala [20]. Moringa oleifera is 

coming to the forefront as a result of scientific evidence that Moringa is an important source of naturally 

occurring phytochemicals and this provides a basis for future viable developments [21].  

Almost all the parts of this plant: root, bark, gum, leaf, fruit (pods), flowers, seed and seed oil have 

been used for various ailments in the indigenous medicine of South Asia, including the treatment of 

inflammation and infectious diseases along with cardiovascular, gastrointestinal, hematological and hepatorenal 

disorders [22]. The healing properties of Moringa oil have been documented by ancient cultures [21]. So far, the 

hepatoprotective efficacy of Moringa oleifera seed oil has remained largely under-exploited, hence the need for 

intensive research in order to justify earlier evidences in this regard. The main objective of this study was 

therefore to evaluate the protective effect of Moringa oleifera seed oil against acetaminophen-induced 

hepatotoxicity in Wistar albino rats. 

 

II.        Materials and Methods 
2.1   Experimental Animals 

A total of 24 male albino rats (Wistar, 150-180g) purchased from Animal Science Department of the 

University of Ibadan (Nigeria) were divided into four (4) groups: Control, Acetaminophen, 

Acetaminophen+Moringa oil, and Moringa oil-treated; each group contains six animals. The animal house was 

kept under standardized conditions and the animals had free access to food (grower’s mash) and distilled water 

for two weeks before treatments commenced. 

 

2.2   Moringa Seed Oil (Extract) 

The Moringa oil taken as the extract was obtained from Millenium Quality Oil Factory, Gombe, 

Gombe State, Nigeria. 

 

2.3   Treatment Regimen 
          GROUP                DOSAGE ADMINISTERED 

 1.   Control             - 

 2.   Acetaminophen Only 1g Acetaminophen/kg body weight once (on the 10th day) 

 3.   Acetaminophen + Oil 2ml of Moringa oil/Kg body weight for 10 days and administration of Acetaminophen 

(1ml/Kg) once (after 12 hrs on the 10th day) 

 4.   Oil Only 2ml of Moringa oil/Kg body weight for 10 days 

 

The animals were sacrificed 24 hours after the tenth day treatment; blood samples were collected via 

cardiac puncture into lithium heparin anticoagulant bottles for plasma biochemical assays. Liver tissues were 

also excised and preserved for histological analysis. 
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2.4   Preparation of Liver Tissue Homogenates for Biochemical Assays 

The liver tissue of each rat was homogenized in 5ml normal saline solution with the aid of mortal and 

piston. The solution was poured into a labeled test tube and centrifuged at 3000ppm for 15minutes. The 

supernatant was collected and stored at 4
0
C in a refrigerator.  

 

2.4.1   Determination of Hepatic Malondialdehyde (MDA) Level 

MDA, a product of lipid peroxidation, when heated with 2-thiobarbituric acid (under acidic condition) 

forms an orange-pink colour product which has a maximum absorbance at 535nm. The assay method of Beuge 

and Aust [23] was adopted.  

Procedure: 

 0.5ml of tissue homogenate was pipetted into test tubes (to aid heating).  

 A stock solution of  trichloroacetic acid (TCA), thiobarbituric acid (TBA) and Hydrochloric acid (HCl) 

containing 15g TCA, 0.375g TBA and 0.25N HCl was prepared. 

 2ml of TBA-TCA-HCl reagent was added to the various tubes.  

 The tubes were vigorously shaken and heated for fifteen minutes in a water bath at 100
0
C, then allowed 

to cool.  

 The various solutions were centrifuged and the supernatant were collected.  

 The absorbance of the orange-pink coloured product was read at 535nm. 

 

2.4.2   Determination of Hepatic Superoxide Dismutase (SOD) Activity 

The assay of SOD in the liver was determined by the method of Misra and Fredovich [24].  

Procedure: 

 An aliquot, 0.4ml of the diluted supernatant of the tissue homogenate was added to 5ml of 0.05M 

carbon buffer, pH 10.2 to equilibrate in the spectrophotometer and the reaction started by the addition 

of 0.6mls of freshly prepared 0.3mM epinephrine as the substrate to the buffer supernatant mixture, 

which was quickly mixed by inversion.  

 The reference cuvette contains 5ml of the buffer, 0.6mls of the adrenaline and 0.4mls of distilled water. 

The increase in absorbance at 480nm due to the adrenochrome formed was monitored every 30seconds 

for 120seconds.  

 One unit of SOD activity was given as the amount of SOD necessary to cause 50% inhibition of the 

oxidation of epinephrine to adrenochrome during 60seconds. 

 

2.4.3   Determination of Catalase (CAT) Activity 

Catalase enzyme prevents the accumulation of H2O2 by converting it to H2O2 by converting it to H2O 

and O2. Potassium permanganate is a powerful oxidizing agent that can decompose certain compounds. KMnO4 

decomposes hydrogen peroxide through the following reaction [25] 

            H2O2      2H2O + O2 

            5H2O2 + 2KMnO4 + 3H2SO4   K2SO4 + 2MnSO4 + 8H20 + 5O2 

 0.5ml aliquot of the liver homogenate was added to ice cold tubes.  

 Reaction was started by adding 5ml of 30mM H2O2.  

 Tube contents mixed thoroughly by inversion. Reaction was stopped after 3minutes with 1ml of 6M 

H2SO4.  

 7ml of 0.01M potassium permanganate (KMnO4) added and absorbance read at 480nm within 30-60 

seconds. 

 

2.5   Biochemical Assays of Hepatic Marker Enzymes in Plasma 

Plasma activities of hepatic marker enzymes, aspartate transaminase (AST), alanine transaminase 

(ALT), and alkaline phosphatase (ALP) were all assayed using kits procured from Randox Laboratories Ltd. 

London, United Kingdom. 

 

2.6   The Histology of the Liver
 

Procedure: 

 After sacrificing the rats, the liver of each rat was dissected out, trimmed into sizes and fixed in 10 

formaline for 24hrs. 

 5-6 drops of glycerol was diluted with about 10-15 ml of water and mixed well. 

 A drop of this mixture was placed on a clean slide and spread evenly over the upper sides of the slide. 

 The upper surface of the slide was flooded with distilled water and it was thus ready for use. 

 Using a moist brush the specimen was put on the slide and the slide allowed to dry at a temperature of 

about 45-50
0
C. 
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 Incubated at 37
0
C to dry for twelve hours and it was stained using heamatoxylene and eosine method. 

 The specimen was then placed properly before putting the cover slip on it, after which it was viewed 

under the microscope. 

 

2.7   Statistical Analysis of Experimental Data 

SPSS package (version 17 for Windows) was used to carry out all the statistical analyses, and the 

experimental data were analyzed by applying a one way Analysis of Variance (ANOVA) method to test the 

mean differences observed among the four groups.  

 

III.       Results 
Table1 reports the hepatic MDA levels, SOD, and Catalase activities observed in the controls and the 

various treatment groups. Hepatic MDA levels increased significantly in the CCl4-treated animals over those of 

the Control group (p<0.05).  

The plasma activities of hepatic marker enzymes ALT, AST, and ALP were determined in the animals, 

and the results are presented in Table2. Significant increases (p<0.05) in both ALT and ALP activities were 

found in the CCl4-treated animals as against those in the Control group.    

The figures (1-4) clearly reveal the treatment-related histological changes observed on microscopic examination 

of liver tissues obtained from the rats in the various groups. 

 

Table1. Comparison of Hepatic MDA Concentrations, SOD, and Catalase Activities among the Various 

Treatment Groups. 
 

              Assay 

1 

Control 

2 

Acetaminophen Only 

3 

Acetaminophen+Oil 

4 

Moringa Oil 

Only 

MDA (mmole/g) x 

10-2 

3.60±0.44a 5.00±0.50b 2.9±0.12a 2.8±0.18a 

SOD (unit/mg) x10-1 14.54±1.82a 17.42±1.30a 12.19±0.77a 14.20±1.47a 

Catalase (unit/ml) x 

10-2 

88.92±0.17a 88.78±0.31a 88.82±0.14a 88.78±0.09a 

Mean ±Standard Error of mean, at p˂ 0.05 

 

Table2. Comparison of Levels of Plasma activities of Hepatic Marker Enzymes ALT, AST,   and ALP 

among the Various Treatment Groups. 

 
 

      Assay 
1 

    Control 
2 

Acetaminophen Only 
3 

Acetaminophen+ Moringa 

Oil 

4 

Moringa Oil Only 

ALT (U/L) 37.67±7.78a 132.20±2.10b 88.50±3.76c 44.33±2.39a 

AST (U/L) 42.33±8.59a 59.67±5.45a 56.33±3.36a 39.67±5.93a 

ALP (IU/L) 4.42±1.25a 21.91±1.21b 13.93±1.37c 5.48±0.64a  

Mean ±Standard Error of mean, at p˂ 0.05 

 

 
Fig 1 Control group Liver histological section: Normal histological appearance. At higher magnification 

(x40) the nucleus appears distinct. 
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Fig 2. Acetaminophen only (Group 2): Liver histological section reveals extensive necrotic changes in the 

hepatocytes. 

 

 
Fig 3. Acetaminophen + oil treated group: Liver section showing mildly congested venules. 

 

 
Fig 4. Moringa seed oil treated group: Liver section showing normal cellular architecture; no remarkable 

changes in comparison with the Control. 
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IV.       Discussion 
Natural remedies from traditional plants are seen as effective and safe alternative treatments for 

hepatotoxicity [26], especially caused by foreign agents. Studies on Moringa oleifera plant most of which were 

centered on the hepatoprotective activity of its leaves, flowers, roots and seeds are widely documented in 

literature [8, 27, 28, 29]. The present study focused mainly on the medicinal effect of Moringa oleifera seed oil 

against acetaminophen-induced hepatotoxicity.  

As reported in Table 2, significantly lower plasma ALT and ALP activities were found in animals pre-

treated with the Moringa oil (group 3) compared with those that received only acetaminophen (group2); this 

supports findings from previous studies on the Moringa oleifera plant [11, 26]. These results however indicate 

the potential ability of Moringa oleifera seed oil to significantly attenuate liver injury caused by acetaminophen 

toxicity by protecting the integrity of liver cells, thus leading to lower levels of activity of both marker enzymes 

in plasma.  

The liver plays a central role in the maintenance of systemic lipid homeostasis and is especially 

susceptible to ROS damage [26], which probably explains why hepatic MDA was significantly raised in the 

acetaminophen-intoxicated animals in group 2 (Table 1) compared with the animals pre-treated with Moringa 

oil. The observed hepatic MDA elevation in the group 2 animals (Table 1) adds to previous reports [30], and is 

an indication of enhanced lipid peroxidation, clearly demonstrating the hepatotoxicity of the xenobiotic 

acetaminophen. Liver tissue contains a relatively high content of polyunsaturated fatty acids (PUFAs), which 

are sensitive to peroxidative damage [31]. Moringa oleifera seed oil is therefore believed to possess a strong 

antioxidant effect which could help preserve the hepatocellular membrane integrity from the xenobiotic-induced 

damage. The consumption of this oil may provide health benefits in terms of hypocholesterolemic effects (due 

to the presence of phytosterols) and scavenging of free radicals in the body (due to the presence of tocopherols, 

phenolics and carotenoids) [32]. 

The various changes observed in liver tissues of the animals as revealed by histological examinations 

(Figures 1-4) lend considerable support to the biochemical evidences reported in this study. 

 

V.         Conclusion 
Evidences from this study indicate that Moringa oleifera seed oil is potentially effective as a therapy in 

treatment of xenobiotic-induced liver disorders. It is however believed that this hepatoprotective action of the oil 

is mediated by its natural antioxidant components made up of tocopherols, phenolics and carotenoids. 
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