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Original Research Article 1 

ANTIOXIDANT PROPERTIES OF MORINGA OLEIFERA OIL AND 2 

ANACARDIUM OCCIDENTALE OIL ON CADMIUM INDUCED LIVER 3 

DAMAGE IN ADULT WISTAR RATS. 4 

Abstract 5 

Background: Cadmium is one of the most toxic heavy metals found in the environment 6 

and exposure of the liver to cadmium has been shown to cause hepatic dysfunction in 7 

addition to the oxidative damage it causes to cells. This study was aimed at investigating 8 

the combined effects of Moringa oleifera oil and Cashew nut oil on cadmium-induced liver 9 

damage in wistar rats.  10 

Methods: Thirty-five (35) wistar rats (80-180grams) of both sexes were used for the study. 11 

The rats were randomly selected and divided into seven (7) groups of five rats each. Group 12 

A received 5ml of 0.9% w/v (PH 7,4) phosphate buffer single dose intraperitoneally; group 13 

B received 3.5mg/kg  3CdSO4.8H2O intraperitoneally; group C received 100mg/kg Vit C 14 

and 300mg/kg Vit E orally; group D received 100mg/kg Vit C and 300mg/kg Vit E orally 15 

and 3.5mg/kg Cd intraperitoneally; group E received 3.5mg/kg  Cd and 40mg/kg Moringa 16 

oleifera seed oil orally; group F received 3.5mg/kg  Cd intraperitoneally and 40mg/kg 17 

Cashew nut oil orally and group G received 3.5mg/kg Cd intraperitoneally, Moringa 18 

oleifera seed oil and Cashew nut oil 20mg/kg each.  19 

Results: Histochemical studies carried out showed that Cadmium significantly increased 20 

the activities of the antioxidant defense system enzymes at p≤ 0.05 such as MDA, GPx and 21 

Catalase and reduced the activities of SOD at p≤ 0.05 when compared with the Group A 22 
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control rats which thus suggests the generation of free radicals and the treated groups also 23 

significantly increased the activities of the antioxidant defense system enzymes such as 24 

MDA, GPx and Catalase at p≤ 0.05 when compared with the control group. This suggests 25 

that both Moringa oleifera oil and Cashew nut oil extracts helped to restore the activities of 26 

the antioxidant defense system. 27 

Conclusion: These show ameliorative effect of Moringa oleifera seed oil and Cashew nut oil on 28 

Cadmium induced liver damage.  29 

Key words: Histochemical, Antioxidants, Moringa oleifera, Anacardium occidentale, Oxidative 30 

stress, Liver, Cadmium. 31 

Introduction 32 

Cadmium is one of the most toxic metal ions of our environment bound in the air, food and water 33 

[17].It is found in foods (such as vegetables, grains and cereals) and also produced as a 34 

byproduct of zinc and lead mining and smelting [28]. Cadmium metal is used mainly as an 35 

anticorrosive, electroplated onto steel. Cadmium sulfide and selenide are commonly used as 36 

pigments in plastics. Cadmium compounds are used in electric batteries, electronic components 37 

and nuclear reactors [8][15]. It is absorbed by most tissues of the body and becomes more 38 

concentrated in the liver and kidney It is slowly excreted from the body and has a biological life 39 

span of 17-30 years [14]. It has been associated with cancers of the lung, prostate, pancreas, and 40 

kidney [16]. Moringa oleifera is the most widely cultivated species of a monogeneric family, the 41 

Moringaceae, which is native to the sub-Himalayan tracts of India, Pakistan, Bangladesh and 42 

Afghanistan [11]. It is a perennial softwood tree with timber of low quality, but which for 43 

centuries has been advocated for traditional, medicinal and industrial uses [9]. Leaves are 44 
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longitudinally cracked, 30-75 cm long main axis and its branch jointed, glandular at joints, 45 

leaflets are glabrous and entire [11][19]. The leaflets are finely hairy, green and almost hairless 46 

on the upper surface, paler and hairless beneath, with red-tinged mid-veins, with entire (not 47 

toothed) margins, and are rounded or blunt-pointed at the apex and short-pointed at the base 48 

[11][19]. The twigs are finely hairy and green. Flowers are white, scented in large axillary down 49 

panicles, pods are pendulous, ribbed, seeds are 3-angled [11][19]. Moringa seed oil (yield 30-50 

40% by weight), also known as Ben oil, is a sweet non-sticking, non-drying oil that resists 51 

rancidity. It has been used in salads, for fine machine lubrication, and in the manufacture of 52 

perfume and hair care products [30]. Anarcardium occidentale is a native of Brazil and the 53 

Lower Amazons. The cashew has been introduced and is a valuable cash crop in the Americas, 54 

the West Indies, Madagascar, India and Malaysia [7]. Anacardium occidentale L. grows well in 55 

the tropical, is a multipurpose tree of the tropics which attains a height of about 15m. They grow 56 

on relatively dry soil in nature but in cultivation grow in tropical rain forest. Tyman and Morris 57 

[31] described the composition of Cashew Nut Shell Liquid (CNSL).The economic importance 58 

of this special tree is such that while the tree is native to Central and South America, it is now 59 

widely distributed throughout the tropics, particularly in many parts of Africa and Asia. The 60 

Cashew tree will tolerate a wide range of condition including drought and poor soil, but cannot 61 

withstand cold frost. The major producing countries of Cashew are Tanzania, India, 62 

Mozambique, Srilanka, Kenya, Madagascar, Thailand, Malaysia, Indonesia, Nigeria, Senegal, 63 

Malawi and Angola. World Bank data estimates that 97% of production is from wild trees and 64 

only 3% is from established plantations [26]. Gibbon et al., [10] reported that many trees are 65 

found growing wild and that the plant germinates poorly, those that are cultivated are propagated 66 

by seed which are planted at a rate of 2-3 per hole due to poor germination rates. The 67 
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commercial that phytochemicals activity importance of cashew is due to its richness in nutrient 68 

of CNSL. that constitutes of 47% fat, 21% protein and 22% carbohydrate, vitamins and all 69 

essential amino acids especially thiamine (Ohler,1979) [24]. It is not a triglyceride and contains a 70 

high proportion of phenolic compound. It is used in industry as a raw material for brake lining 71 

compounds, as a water proofing agent, a preservative and in the manufacturing of paints and 72 

plastics. It is toxic and corrosive to the skin. An edible oil can be extracted from cashew nuts but 73 

no evidence of it being carried out commercially has been found. The ability of cashew apples to 74 

supply and fortify the nutritional requirement for vitamin C, particularly in Africa was reported 75 

by Akinwale [2]. Cashew apple juice has been found to contain the highest amount of vitamin C 76 

(203.5mg/100ml) of edible portion and when the cashew apple was blended with other tropical 77 

fruits it boosted their nutritional quality. The importance of the Cashew Nut Kernel Oil and 78 

Cashew Nut Shell Liquid (CNSL) cannot be overemphasized. The fat of nut is completely 79 

natural and unprocessed which is best for the body. It is especially rich in Linoleic acid (Omega-80 

3) and is least damaging to heart and arteries. It constitutes about 47% of the total weight of the 81 

nut. Nuts often produce oil half their weight. Cashew has what is called the ‘good fat. Cashew 82 

has the right combination of fat and the ratio of saturated to monounsaturated and 83 

polyunsaturated is 1:2:1 which is ideal for human consumption. The relative abundance of 84 

monounsaturated fatty acids in cashew nut is conducive to the promotion of good health and that 85 

the relative abundance of fat in cashew nut in no way poses a nutritional risk [1].                                                         86 

It has been reported that continuous exposure and intoxication of liver to different types of 87 

exogenous compounds on a daily basis may lead to hepatic dysfunction [21]. This study was 88 

aimed at investigating the combined effects of Moringa oleifera oil and Cashew nut oil on 89 

cadmium-induced liver damage in wistar rats.  90 
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Materials and Method 92 

 Plants Extract preparation 93 

2330g of Moringa seed was purchased from Mararaba market in Nasarawa State. The oil was 94 

extracted using the following procedures. The husks were removed from the seeds and they were 95 

heated inside an oven at a temperature of 400C and were pounded using a mortar and pestle in 96 

order to separate the chaff from the seeds. The seed extract was then grinded into powder using a 97 

grinding mill. The powdered extract of Moringa oleifera was dissolved in 466ml of water at 98 

ambient temperature for two days and was later filtered. The aqueous extract was then poured 99 

into molten mesh and was placed on an oil extractor machine [34]. The Anacardium occidentale 100 

nut oil was removed at high temperature and pressure. 2000g of Cashew nut was purchased from 101 

Kuchikau in Nasarawa state. The oil was extracted using the following procedure. The nuts were 102 

heated inside an oven at a temperature of 400C and were grinded into powder using a grinding 103 

mill. The extract was poured into a molten mesh and placed in an oil extractor machine. The oil 104 

was removed at high temperature and pressure and both oil extract were kept at room 105 

temperature [34]. 106 

Drug Preparation 107 

The Cadmium Sulphate Solution (3CdSO4.8H2O) was prepared by dissolving 9.9198mg of 108 

Cadmium Sulphate salt (CdS) in 5ml of 0.9% w/v (PH 7.4) Phosphate buffer. The Ascorbic acid 109 

(Vitamin C) was prepared by dissolving 5mg of Vitamin C in 10ml of 0.9% w/v Phosphate 110 

buffer. The Vitamin E (Alpha Tocopherol) was prepared by dissolving 6mg of Vitamin E in 111 

20ml of olive oil. 112 
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Experimental animals: 113 

Thirty five (35) wistar rats weighing between 80g-180g were used for this research work. The 114 

rats were randomly selected into seven (7) groups as follow A, B, C, and D, E, F and G each 115 

group containing five rats. They were kept in the animal house of Bingham University, Nigeria 116 

and given feed and water ad libitum. All experimental investigations were done in compliance with 117 

humane animal as stated in the “Guide to the care and use of Laboratory Animals Resources”. National 118 

Research Council, DHHS, Pub. No NIH 86 – 23 [35] and in accordance with ethical approval of the 119 

Anatomy Department, Bingham University, Karu, Nigeria.  120 

Chemical and Extract Administration; 121 

   Moringa oleifera of 0.32ml (40mg/kg) and Cashew nut seed oil, 0.16ml (20mg/kg) each of 122 

Moringa oleifera seed oil and Cashew nut oil, 0.8ml (100mg/kg) of Vitamin C, O.3ml of 123 

Vitamin E (300mg/kg) and 5ml of 0.9% w/v of (PH 7.4) Phosphate buffer were administered 124 

orally to the experimental rats according to their individual groups for a period of four (4) weeks 125 

using a 2ml syringe with an oral cannular at the tip. The administration was done by holding the 126 

rats with a glove using the left hand in such a way that the neck region was being held so that the 127 

rats would be stable while the extracts were being administered orally. The treatment was done 128 

every morning after which the animals were fed.  129 

Animal Treatment 130 

The animals were treated as shown below in the table 131 

        Table 1: Number of Animals in each group and Dosage of treatment given: 132 

Groups Number of Animals Dosage 
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A 5 5ml of 0.9% w/v Phosphate 
buffer per kg  

B 5 3.5mg/kg  Cadmium only 

C 5 100mg/kg Vitamin C (0.8ml) and 
300mg/kg Vitamin E (0.3ml) 

D 5 100mg/kg Vitamin C (0.8ml) and 
300mg/kg (0.3ml) Vitamin E + 
3.5mg/kg Cd 

E 5 3.5mg/kg Cadmium+ 40mg/kg 
Moringa oleifera seed oil 
(0.32ml)  

F 5 3.5mg/kg Cadmium+ 40mg/kg 
Cashew nut oil (0.32ml)   

G 5 3.5mg/kg Cadmium+ Moringa 
oleifera seed oil + Cashew nut oil 
20mg/kg each (0.16ml each). 

 133 

 Control Groups 134 

The animals were grouped into three control groups which are; the normal control (A), 135 

the negative control (B) and the positive control (C). The Normal Control Group (A) 136 

received 5ml of 0.9% w/v Phosphate buffer orally for a period of four (4) weeks. The 137 

Negative Control Group (B) was induced intraperitoneally with 3.5mg/kg 3CdSO4.8H2O. 138 

The Positive Control Group (C) received 100mg/kg (0.8ml) Vitamin C and 300mg/kg 139 

(0.3ml) Vitamin E orally for a period of four (4) weeks. 140 

 Prophylactic Treatment Group 141 

The animals in Group D were the prophylactic group that received 100mg/kg (0.8ml) 142 

Vitamin C and 300mg/kg (0.3ml) Vitamin E for a period of four (4) weeks followed by 143 

intraperitoneal injection of 3.5mg/kg body weight 3CdSO4.8H2O . The rats were then 144 

sacrificed after 24 hours. 145 
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Therapeutic Treatment Groups 146 

The animals in Groups E, F and G were the therapeutic control group. The animals in 147 

each group were injected intraperitoneally with 3.5mg/kg 3CdSO4.8H2O. After 48 hours 148 

of the injection, the animals in Group E and F received 40mg/kg body weight of Moringa 149 

oleifera Seed Oil and Cashew Nut Oil for a period of four (4) weeks. The animals in 150 

Group G received 20mg/kg each (0.16ml each) of both Moringa oleifera Seed oil and 151 

Cashew nut oil.   152 

Animal Sacrifice  153 

The animals were sacrificed twenty four (24) hours through cervical dislocation after which food 154 

and water had already being withdrawn from them. The animals were laid in a supine position on 155 

the dissecting board, the two hind limbs were held and the tail was pulled until a sound was held 156 

which indicated that the animal was dead. The thoracic and abdominal cavities were exposed 157 

adequately by using a surgical blade to make a midline incision through the skin of the 158 

abdominal wall from the xiphisternum to the pubic symphisis. After the abdominal cavity had 159 

been adequately exposed, the liver was removed and immersed in sucrose for biochemical 160 

analysis and homogenized thereafter. They were then processed for histochemical analysis. The 161 

supernatants obtained were used to carry out by first principle methods with the use of appropriate salts 162 

for enzyme activities such as superoxide dismutase (SOD) [36], Glutathione Peroxidate (GPx) [38], 163 

Malondialdehyde (MDA) [38] and Catalase [37] spectrophotomerically with the use of spectrophotometer. 164 

Statistical Analysis 165 
Data were expressed as Mean ± Standard Error of Mean (S.E.M), One- Way ANOVA using Medical software 166 
packages to determine the level of significance P < 0.05 (95% CI) was taken as the significant level. 167 

 168 

 169 
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 170 

RESULT  171 

Table 2: HISTOCHEMICAL ANALYSIS FOR ENZYME ASSAY RESULTS 172 

(ANTIOXIDANT DEFENSE SYSTEM ENZYMES) 173 

 174 

GROUP MDA(10-8 

units/mg) 

Mean±  SEM 

GPx (µmoles/mg) 

Mean± SEM 

SOD (units/min) 

Mean± SEM 

CAT 

(µmoles/mg) 

Mean± SEM 

A 1.8±0.22 0.41±0.01 2.8±0.20 1.36±0.03 

B 4.13±0.37* 0.74±0.07* 2.4±0.40 2.25±0.20* 

C 4.16±0.49* 0.69±0.03* 1.2±0.20* 1.89±0.11* 

D 3.63±0.13* 0.69±0.03* 1.2±0.49* 2.16±0.09* 

E 3.25±0.06* 0.47±0.01* 0.6±0.24* 1.30±0.02* 

F 4.32±0.56* 0.57±0.07 1.2±0.49* 1.65±0.22 

G 8.05±1.75* 0.34±0.04 1.6±0.24* 1.01±0.11* 

The Mean± the Standard Error of Mean (SEM) of antioxidant enzymes for Oxidative Stress 175 

Markers in the Liver at p<0.05 Significant Level at 95% Confidence Interval. * indicates 176 

statistical significance when compared with the normal control values 177 

Discussion 178 

Lipid peroxidation is one of the main manifestations of oxidative damage, which plays an 179 

important role in the toxicity of many xenobiotics [3][27].The prevention of lipid peroxidation is 180 
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essential for all aerobic organisms and so the organism is well equipped with antioxidants that 181 

directly or indirectly protect cells against the adverse effects of xenobiotics, carcinogens and 182 

toxic radicals [13]. The Groups C, D, E, F and G showed an increased in the level activity of 183 

MDA in the liver tissue supernatant, which was significant at p < 0.05 when compared with 184 

Group A rats. This means that the combined antioxidant properties of the drugs and both plants 185 

oil extract of Moringa oleifera seed oil and Cashew nut oil were able to mop up the free oxygen 186 

radicals which were generated by Cadmium. This thus confirms the reports made by [23] that 187 

antioxidants have shown protection functions against cadmium induced toxicity in different 188 

animal models where their supplementation reduced Reactive Oxygen Species (ROS) levels and 189 

lipid peroxidation.  190 

 Group B showed a significant increase in the level of activity in the liver supernatant when 191 

compared with Group A at p ≤ 0.05. This means that free oxygen radicals were generated by 192 

cadmium in the liver. This thus confirms the suggestion made by [29] that increased 193 

accumulation of Cd in the liver induces lipid peroxidation and increases the production of 194 

malondialdehyde (MDA). 195 

  Glutathione peroxidase converts H2O2 and/or other lipid peroxides to H2O and hydroxyl lipids 196 

and in the process glutathione is converted to oxidized glutathione (GSSG).  It has been well 197 

established that glutathione peroxidase also plays a vital role in reducing the risk of oxidative 198 

stress [18][20]. The Groups C, D and E showed showed a statistically significant increased 199 

activity in the liver tissue when compared with group A at p ≤ 0.05 significant Level and there 200 

was also an increase in group F even though it was not statistically significant. This shows that 201 

the reactive oxygen species generated by cadmium were mopped up by the combined activities 202 

of the antioxidants present in the drugs and Moringa oleifera seed oil. This agrees with the 203 
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suggestion made by [6] that antioxidant molecules are mainly free radical scavengers are thought 204 

to play a crucial role in counteracting free radical induced damage to macromolecules  by 205 

reducing the peroxide concentrations and repairing oxide membranes.  206 

   The superoxide dismutase is a primary antioxidant enzyme and is essential to the organism to 207 

fight against oxidative effects of free radicals [18][20]. The Groups C, D, E, F and G showed a 208 

statistically significant decreased activity in the liver tissue when compared with Group A at P≤ 209 

0.05 Significant levels. This means that combined action of the antioxidants present in the drugs 210 

and both oil extracts of Moringa oleifera seed oil and Cashew nut oil were able to efficiently 211 

combat the free Oxygen radicals which were generated by Cadmium. This therefore confirms the 212 

suggestion made by [5] that supplementation of antioxidants reduced ROS levels, enzymatic and 213 

non-enzymatic components of antioxidant defence system.   214 

Catalase is a scavenger enzyme which is present in the peroxisomes of nearly all aerobic cells 215 

and preserves to protect the cell from the toxic effects of by H2O2 catalyzing its decomposition 216 

into molecular oxygen and water without the production of free radicals. Catalase is one of the 217 

most important antioxidant enzymes which cleave the toxic H2O2 substrate into water. One 218 

molecule of catalase can convert millions molecules of into H2O2water and oxygen per second 219 

[12]. The Groups B, C, D and E showed an increased level of activity in the liver homogenate, 220 

which was significant at p ≤ 0.05 when compared with group A and there was an increase in 221 

CAT activities in group F which was not significant at p ≤ 0.05. This implies that the activity of 222 

Catalase was increased in the liver by the combined action of the antioxidants present in the 223 

drugs and in both oil extracts of Moringa oleifera seed oil and Cashew nut oil in order to 224 

efficiently scavenge the free radicals which were generated [6]. 225 

 226 



12 

 

References 227 

[1] Achal (2002). Cashew: Nutrition and medicinal value. Colarado state University, pp: 159-228 

165. 229 

[2] Akinwale, T. O. (2000). Cashew apple juice: its use in fortifying the nutritional quality of230 

 some tropical fruits. Eur Food Res Technology, 211:205-207. 231 

[3] Anane, R and Creppy, E.E. (2001). Lipid peroxidation as pathway of aluminium232 

 cytotoxicity in human skin fibroblast cultures: prevention by superoxide dismutase and 233 

catalase and vitamins E and C. Hum Exp Toxicol, 20: 477-481. 234 

[4] Beyersmann, D and Hechtenberg S. (1997). Cadmium, gene regulation, and cellular 235 

signalling in mammalian cells. Toxicol Appl Pharmacol, 144:247–261. 236 

    [5] Beytut, E., Yuce, A, Kamiloglu, N.N and Aksakal M. (2003). Role of dietary vitamin E in 237 

cadmium-induced oxidative damage in rabbit’s blood, liver and kidneys. Int J Vitam Nutr 238 

Res, 73: 351-5. 239 

[6] Flora, S.J.S. (2002) Lead in the Environment: Prevention and Treatment. J. Environ. Biol.240 

 23:29- 44.  241 

[7] Frankel, E. (1991). Poison ivy, Poison oak, Poison sumac and their relative pistachios:242 

 Mangoes and Cashew. The Boxwood Press Pacific Grove CA, 2:15-16. 243 

[8] Friberg, L., Nordberg, G.F, Vouk, V.B. eds. (1986). Handbook of the toxicology of metals.244 

 Vol. II. Amsterdam, Elsevie; pp. 130–184. 245 

 246 



13 

 

[9] Fulgie, L.J. (1999). The Miracle Tree: Moringa oleifera: Natural Nutrition for the247 

 Tropics. Church World Service; pp 172 248 

[10] Gibbon, D and Pain, A. (1981). Crops of the drier regions of the tropics. Longman249 

 Singapore publications Ltd, pp 66-67. 250 

[11] Gupta, R.K. (2010). Medicinal & Aromatic Plants”. CBS publishers & distributors, 151 -251 

152. 252 

[12] Habig WH, Pabst MJ, and Jakpby WB (1974). Glutathione-S-transferases. J.Boil. Chem;253 

 249:7130-7139.  254 

[13] Halliwell, B., Gutteridge, J.M.C. (1999). Free Radicals in Biology and Medicine. 3rd ed.255 

 New York: Oxford University Press. 256 

[14] Hideaki, S., Yasutake, A, Hirashima, T, Takamure, Y, Kitano, T, Waalkes, M.P and 257 

Imamura, Y. (2008). Strain difference of cadmium accumulation by liver slices of inbred 258 

Wistar-Imamichi and Fischer 344 rats. Toxicology in Vitro, 22; 338-343. 259 

[15] IARC (1976) Cadmium, nickel, some epoxides, miscellaneous industrial chemicals and260 

 general considerations on volatile anaesthetics. Lyon, International Agency for261 

 Research on Cancer, pp. 39–74. 262 

[16] IARC, International Agency for Research on Cancer, Beryllium, cadmium, mercury, and263 

 exposures in the glass manufacturing industry (1993). In: International Agency for264 

 Research on Cancer Monographs on the Evaluation of Carcinogenic Risks to265 

 Humans. IARC Scientific Publications Lyon, 58:119–237. 266 

[17] Lin S, Sandow M, Decandido S, Waslien C, Naughton B(1992). The effect of vitamin D3 267 

and 1, 25- dihydroxy vitamin D3 on the toxic symptoms of cadmium exposed rats. Nutr.268 

 Res; 12:1393. 269 



14 

 

 [18] McCord, J.M and Fridovich, I. (1969). Superoxide dismutase an enzymatic function for270 

 erythrocuprein (haemocuprein). J. Biol. Chem. 244: 6049-6055. 271 

[19] Nadkarni, K.M. (2009). Indian Materia Medica. Bombay Popular Prakashan, Vol.I: 811- 272 

816. 273 

[20] Nissen, H.P and Kreysel H.W.A (1983). Superoxide dismutase in human semen. Klin274 

 Wochenschr, 61 (1): 63-65  275 

[21] Nithya, N., Chandrakumar, K, Ganevan, V and Senthilkumar, S (2012). Efficacy of276 

 Momordica charantia in attenuating abnormalities in cyclophosphomide277 

 intoxicated rats. J. Pharmacol. Toxicol. 7(1): 38-45. 278 

[22] Ochi, T., Takahashi, K and Ohsawa, M. (1987). Indirect evidence for the induction of a 279 

prooxidant state by cadmium chloride in cultured mammalian cells and a possible 280 

mechanism for the induction. Mutat. Res. 180:257–266. 281 

 [23] Ognjanovic, B.I., Pavlovic, S.Z, Maletic, S.D, Zikic R.V, Stajn A.S, Radojicic R.M, Saicic 282 

Z.S, and Petrovic V.M. (2003). Protective influence of vitamin E on antioxidant defense 283 

system in the blood of rats treated with cadmium. Physiol Res, 52:563-70. 284 

[24] Ohler, J.G (1979). Cashew. (Koninklijk Instituut voor de Tropen: Amsterdam, 285 

Netherlands.). p. 260. 286 

[25] Ros, J.P.M and Slooff W, eds. (1987). Integrated criteria document. Cadmium. Bilthoven,287 

 National Institute of Public Health and Environmental Protection (Report No.288 

 758476004). 289 

[26] Rosengarten, F, (1984). The book of edible nuts (5th edition). Walker and Co New York,290 

 pp 45. 291 



15 

 

  [27] Stohs, S.T., and Bagchi. D (1995). Oxidative mechanism in the toxicity of metal ions”.292 

 Free Rad Biol Med, 18; 321-36. 293 

[28] Stohs, SJ, Bagchi, D., Hassoun, E., and Bagchi, M (2000). Oxidative mechanisms in the 294 

toxicity of chromium and cadmium ions. J Environ Pathol Toxicol Oncol; 19(3): 201–213. 295 

[29] Tandon, S.K., Singh, S, Prasad, S, Khandekar, K, Dwivedi, V.K, Chatterjee, M and Mathur, 296 

N. (2003). Reversal of cadmium induced oxidative stress by chelating agent, antioxidant or297 

 their combination in rat. Toxicol Let, 145: 211-217, 2003. 298 

[30] Tsaknis, J.V and Spiliotis (1999). Quality changes of Moringa oleifera, variety Mbololo299 

 of Kenya, seed oil during frying. Grasas y Aceites, 50(1): 37-48.  300 

[31] Tyman, J. H. P., and Morris, L. J.  (1989). Composition of cashew nut shell liquid. Journal 301 

of chromatography.  27:287-288. 302 

[32] Ware, GW, ed. (1989). Cadmium. US Environmental Protection Agency Office of303 

 Drinking Water health advisories. Reviews of Environmental Contamination and304 

 Toxicology, 107:25–37. 305 

[33] Webb, M., and In: Brown, S.S. (Ed.) (1977). Clinical Chemistry and Chemical Toxicology 306 

of Metals. Elsevier, Amsterdam; pp: 51–64. 307 

[34] Ugwu Okechukwu P C, Nwodo Okwesili F C, Joshua Parker E, Bawa Abubakar, Ossai 308 

Emmanuel C and Odo Christian E (2013). Phytochemical and Acute Toxicity Studies of Moringa 309 

Oleifera Ethanol Leaf Extract. Int. J. LifeSc. Bt & Pharm. ISSN 2250-3137 www.ijlbpr.com Vol. 310 

2, No. 2. 311 

[35] National Research Council, DHHS, Pub. No NIH 86 – 23 (1985). Guide to the care and use of 312 
Laboratory Animals Resources 313 



16 

 

[36] Nwanjo, H.U. (2010). Free radicals scavenging potential of the aqueous extract of Viscum 314 

album (Mistletoe) leaves in diabetic wistar rats pancreatic islet. In Internet Journal of Nutrition 315 

and Wellness. 316 

[37] Cho U.H. and J.O. Park. (2000). Mercury-induced oxidative stress in tomato seedlings Plant Sci. 317 

156: 1-9. 318 

[42] Noctor, G. and C.H. Foyer. (1998). Ascorbate and glutathione: keeping active oxygen under 319 

control. Annals of Reviews of Plant Physiology Plant Molecular Biology 49: 249-279. 320 

 321 
 322 

 323 

 324 

 325 


