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ABSTRACT 
 

Background: Cadmium is a carcinogenic agent in humans, and therefore, a cancer causing 
substance. In the body it is extensively circulated, but it is bound mainly to erythrocytes. Though 
cadmium binds to various macromolecules and proteins in the body, it is not well metabolized. 
Cadmium intensifies oxidative damage in the nervous system (and various other organ systems) 
thereby causing harm. The damage results from an increase in production of reactive oxygen 
species and inhibition of antioxidant enzymes as shown by previous researches. This study 
investigated possible effects of Carica papaya as an antioxidant in the damage of the brain caused 
by cadmium.  
Methods: Thirty Wistar rats weighing between 120 g-180 g of both sexes were divided into six 
groups of five animals each and used in this study. Six groups were induced intraperitoneally with a 
single dose of 3.5 mg/kg body weight of cadmium sulphate. Two out of these six groups were 
treated with high and low doses of Carica papaya, 250 mg/kg and 400mg/kg body weight 
respectively for the period of four weeks. After sacrifice, enzyme assays were carried out on the 
tissue supernatant homogenates. 
Results: The investigation showed that MDA level of activities decreased in the prefrontal cortex 
supernatant of groups 1, 2 and 6 animals and an increase in the MDA level of activities were 
observed in groups 4 and 5 rats which was significant at p<0.05. There was a decrease in catalase 
activities in groups 2 and 3 rats, also, an increase in CAT activities in groups 4 and 5 rats, the 
decrease was significant in groups 2 and 3 animals as compared with the control group 1 rats. GST 
activities decreased in groups 2, 3, 4, 5 and 6 rats and the decreased activities were significant at 
p<0.05 when compared with control group 1 animals. Progressive increase in the superoxide 
dismutase was observed in groups 1, 2, 3, 4, 5 and 6 rats and this increase in activities was found 
significant at p<0.05 in groups 4, 5 and 6 rats when compared with the control group 1 rats. 
Conclusion: The present study has justified the ameliorative properties of Carica papaya in 
scavenging the free oxygen radicals and supplement the cellular antioxidant systems. 
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1. INTRODUCTION 
 

The brain is the control center for registering 
sensations, correlating them with one another 
and with stored information, making decisions, 
and taking actions. The adult brain consists of 
four major parts: brain stem, cerebellum, 
diencephalon, and cerebrum. The brain stem is 
continuous with the spinal cord and consists of 
the medulla oblongata, pons, and midbrain. 
Posterior to the brain stem is the cerebellum. 
Superior to the brain stem is the diencephalon, 
which consists of the thalamus, hypothalamus, 
and epithalamus. Supported on the diencephalon 
and brain stem is the cerebrum, the largest part 
of the brain [1,2]. 
 
The prefrontal cortex (frontal association area) is 
an extensive area that lies anterior to the 
precentral area in the anterior portion of the 
frontal lobe that is well-developed in primates, 
especially humans. It includes the greater parts 
of the superior, middle, and inferior frontal gyri; 
the orbital gyri; most of the medial frontal gyrus; 
and the anterior half of the cingulate gyrus 
(Brodmann areas 9, 10, 11, and 12). Large 

numbers of afferent and efferent pathways 
connect the prefrontal area with other areas of 
the cerebral cortex, the thalamus, the 
hypothalamus, limbic system, cerebellum and the 
corpus striatum [3]. It is an area of the cortex that 
is capable of associating experiences that are 
necessary for the production of abstract ideas, 
judgment, emotional feelings, and personality [4]. 
 
Cadmium is a heavy metal, a member of group 
IIb in the periodic table of elements. It is a non-
essential trace element, naturally occurring in 
Zinc and Lead ores and in some rock phosphate 
fertilizers [5,6,7]. Industrial uses of the metal and 
agricultural activities have now led to its 
widespread dispersion at trace levels into the 
environment and human foodstuffs [8, 9, 10]. 
Cadmium is a major health problem, mostly 
because of its long half-life (15 to 20 years) and 
persistence in the environment and a variety of 
tissues [11]. Generally, cadmium binds strongly 
to organic matter where it will be immobile in soil 
and be taken up by plant life, eventually, entering 
the food supply [12]. It has been reported, that 
Cd mostly increases inhibition of complexes II 
and III of the mitochondrial electron transfer 
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chain in the liver, brain and heart tissue. It has 
been concluded that an early exposure of Cd 
may produce alterations in the development of 
different lipids, which may produce CNS 
dysfunctions with a possibility of being 
manifested even in later life [13]. 
 
Inhibition of the cellular antioxidant defense 
causing oxidative stress is a mechanism of 
action of cadmium. Short-term exposure to 
cadmium has been revealed to decrease the 
activities of almost all of these antioxidant 
enzymes in vitro and in vivo, whereas with more 
elevated doses and extended exposure also 
enhancement of activities was found, probably 
because of adaptive induction of genes. The 
decrease in the activity and/or intracellular levels 
of antioxidants caused by cadmium, together 
with the generation of radicals that are produced 
during normal metabolism, may explain the 
increase in lipid peroxidation and DNA damage 
in cells [14]. 
 
Membranes of neurons contain numerous 
phospholipids, made up of polyunsaturated fatty 
acid esters, which are very responsive to attacks 
by ROS, resulting in a chain reaction which 
produces lipid peroxidation and causes extensive 
damage to neuronal membrane. It is well 
established that oxidative stress is closely 
associated to the pathology of a range of 
neurodegenerative diseases, including age-
associated disorders [15,16,17].  
 

Carica papaya (family Caricaceae) originated in 
Central America. Papaya is a rapid-growing, 
semi-woody plant found in tropical regions. The 
means of reproduction of pawpaw is quite 
complex. The plants are male, hermaphrodite, or 
female [18]. Pawpaw fruits are rich in antioxidant 
nutrients like carotene, vitamin C, vitamin B, 
flavonoids, folate, panthotenic acids and minerals 
such as potassium and magnesium, the fruit is 
also a good source of fibre. The extract of Carica 
papaya is also known to have antioxidant 
properties [19]. It aids in the prevention of colon 
cancer. Beta carotene which helps to mop up 
free radicals that cause various forms of cancer, 
thereby preventing, is found in papaya. Studies 
have shown that it also helps to prevent the 
occurrence of diabetic heart disease [20].  
 

In Australia, it is believed in some quarters that 
several cancer diseases can improve after 
drinking papaya leaf extract. Papaya is used in 
tropical folk medicine. According to Reed [21], 
papaya latex is very much useful for curing 

dyspepsia and is externally applied to burns and 
scalds. A diet that includes papaya fruit has been 
observed to lessen oxidative stress and change 
lipid profiles [22]. Consequently, the threats of 
diseases such as cancer and cardiovascular 
diseases, which result from the activities of free 
radicals, are reduced [22]. The nutritional values 
of papaya help to prevent the oxidation of 
cholesterol. Papaya is rich in iron and calcium; a 
good source of vitamins A, B and E and an 
excellent source of vitamin C (ascorbic acid). 
Many of the metabolites from these medicinal 
plants especially flavonoids exhibited potent 
antioxidant activity in vitro and in vivo [23, 24, 
25]. The objective of this current study was to 
evaluate the antioxidant properties of Carica 
papaya extract in cadmium induced prefrontal 
cortex toxicity through a critical measurement of 
antioxidant enzymes activities in the brain tissue 
such as superoxide dismutase, catalase, MDA 
and GST. 

 
2. METHODS 
 

2.1 Preparation of Extract 
 
A fresh mature unripe Carica papaya (pawpaw) 
fruit weighing 1518 g was collected in April 7

th
,  

2014 and was purchased from Kuchikau town, 
Nasarawa state, Nigeria, and taken to the 
Biology Department of Bingham University, 
Nigeria for authentication. It was peeled and the 
seeds discarded. The regimen was cut into 
pieces and 1000 g was weighed. The weighed 
regimen powderwas then percolated in 1000ml of 
distilled water. The mixture was left to soak for 
72 hours (3 days) at room temperature. After the 
72 hours, it was sieved and the residue was 
weighed. The weight of the residue was 570 g, 
and the supernatant was 1150 ml. The 
supernatant was then stored in the refrigerator till 
when it was needed at three (3) days after 
regimen preparation [26].  
 

2.2 Experimental Animals 
 

30 male Wistar rats weighting between 120 g-
180 g were used for this research work. The rats 
were randomly selected into six groups as follow 
1, 2, 3, 4, 5 and 6, each group containing five 
rats. They were kept in the animal house of 
Bingham University, Nigeria and given water and 
feed twice daily. Their beddings were changed 
routinely to maintain a conducive environment for 
the rats. The treatment for the various groups 
was administered orally. All experimental 
investigations were done in compliance with 
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humane animal use as stated in the “Guide to the 
care and use of Laboratory Animals Resources”. 
National Research Council, DHHS, Pub. No NIH 
86–23 [27] and in accordance with ethical 
approval of the Anatomy Department, Bingham 
University, Karu, Nigeria. 
 

2.3 Administration of Chemical and 
Treatment 

 
The cadmium stock solution was made by 
dissolving 10 mg of Cadmium sulphate salt in            
5 ml of 0.9% w/v phosphate buffer. The  
cadmium stock solution was administered         
intraperitoneally in doses corresponding to               
the weight of the rats using 1 ml insulin         
syringes.  

 
2.4 Procedure of Animal Sacrifice 
 
The rats were sacrificed through euthanasia via 
stonig gun (it is used to make wild animals 
unconscious for observation or treatment as the 
case may be, mostly in the field of zoology and 
vetinary medicine). The skulls were dissected 
and the brain tissues were removed. The brain 
tissues were submerged in sucrose solution. The 
brain tissues for biochemical analysis were 
placed in 5% sucrose solution, centrifuged at 
4000 rpm for 10 minutes and the supernatant 
collected. The supernatants obtained were used 
to carry out by first principle methods with the 
use of appropriate salts for enzyme activities 
such as superoxide dismutase (SOD) [28], 
Glutathione S-transferase (GST) [29], 
Malondialdehyde (MDA) [29] and Catalase [30] 
spectrophotomerically with the use of 
spectrophotometer. 

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

 
3. RESULTS AND DISCUSSION 
 
This present study shows that cadmium caused 
a significant decrease in malondialdehyde (MDA) 
activity in Groups 2, 3 and 6 animals’ brain tissue 
which was significant at P < 0.05 and an 
increase in MDA activities was also observed in 
groups 4 and 5 rats but were not significant at P 
< 0.05. It also produced a resultant decrease 

glutathione S-transferase (GST) in groups 2, 3, 
4, 5 and 6 animals and catalase (CAT) activities 
was observed to decrease in groups 2 and 6 
rats, which was increased in groups 3, 4 and 5 
animals, while superoxide dismutase (SOD) 
activity increased across groups 2, 3, 4, 5 and 6 
rats, though these increments were only 
significant at P < 0.05 for animals in group 5 and 
6. Ognjanović [31] reported a significant increase 
in lipid peroxidation in animals exposed to 
cadmium.  Superoxide dismutase (SOD) and 
catalase (CAT) activities were also reported to be 
decreased (P < 0.05 and P < 0.005) in the same 
experiment, whereas glutathione S-transferase 
(GST) increased. 
 
The enzyme activities of GST and Catalase 
increased in group 3, treated with vitamins C and 
E, compared to their activities in groups of rats 
induced only with cadmium. This suggests that 
the vitamins have protective action against free 
radicals. Previous researches have shown that 
non enzymatic antioxidant components which 
consists of molecules such as alpha tocopherol 
(Vit. E), ascorbic acid (Vit. C), glutathione and 
beta-carotene that react with activated oxygen 
species and thereby prevent the propagation of 
free radical chain reactions [32]. Whereas, there 
was a significant decrease (P < 0.05) in MDA 
activity and there was a significant increase at P 
< 0.05 in SOD activity. 
 
In group 4 animals treated with high dose of 
Carica papaya, there was significant increase in 
the activities of MDA, SOD and CAT, while there 
was a significant decrease in enzyme activity of 
GST. This is in agreement with previous studies 
which reported that, Carica papaya contains 
antioxidant phytochemicals, such as vitamin C, 
betacarotene, lycopene and vitamin E all of 
which act as antioxidants and subsequently 
decrease the need forexternal consumption of 
these antioxidant enzymes to combat oxidative 
stress [33,34,35,36,37]. In an earlier study, the 
presence of alkaloids, flavonoids, saponin, 
tannin, anthraquinones, and anthacyanosides in 
Carica papaya extract was reported [38]. Also, 
previous independent studies have reported that 
the protective actions of hepatoprotective 
medicinal plants are mediated by their flavonoids 
or alkaloids components or by their combination 
via antioxidant and free radicals scavenging 
activities [39]. The presence of these active 
biological principles may thus be accounting for 
the biological effect of Carica papaya extract and 
could be via antioxidant and/or free radicals 
scavenging activities. Group 5 rats treated with 
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Fig. 1. Bar chart showing MDA and catalase enzyme activity in the prefrontal cortex of 
wisterrats 

*indicates statistically significant mean difference when the value is compared to the control at p<0.05. NS 
indicates no significance 

 

 
 

 
 

Fig. 2. Bar chart showing GST and superoxide dismutase enzyme activity in the prefrontal 
cortex of wistarrats 

*indicates statistically significant mean difference when the value is compared to the control at p<0.05. NS 
indicates no significance 
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low dose of Carica papaya also                             
showed significant increase in SOD,                         
also a non-significant increase in MDA and CAT 
activities and a significant decrease in GST 
activity. 
 

Metabolites and enzymes scavenging reactive 
oxygen species (ROS) are part of the protective 
mechanism employed by living organisms to 
protect themselves from deleterious effects of 
ROS. Studies have shown that the activities of 
antioxidant enzymes such as superoxide 
dismutase (SOD), ascorbate peroxidase                 
(APX) and catalase have been affected by 
cadmium [40,41,42,43,44]. Under normal 
conditions, free radicals are formed in minute 
quantities and are rapidly scavenged by               
natural cellular defense mechanisms               
comprising of enzymes like low dose of Carica 
papaya also showed significant increase in SOD, 
also a non-significant increase in MDA and CAT 
activities and a significant decrease in GST 
activity. 
 

Metabolites and enzymes scavenging reactive 
oxygen species (ROS) are part of the protective 
mechanism employed by living organisms to 
protect themselves from deleterious effects of 
ROS. Studies have shown that the activities of 
antioxidant enzymes such as superoxide 
dismutase (SOD), ascorbate peroxidase (APX) 
and catalase have been affected by                   
cadmium [40,41,42,43,44]. Under normal 
conditions, free radicals are formed in minute 
quantities and are rapidly scavenged by                
natural cellular defense mechanisms comprising 
of enzymes like low dose of Carica papaya               
also showed significant increase in SOD, also a 
non-significant increase in MDA and CAT 
activities and a significant decrease in GST 
activity. 
 

Metabolites and enzymes scavenging                  
reactive oxygen species (ROS) are part of the 
protective mechanism employed by living 
organisms to protect themselves from deleterious 
effects of ROS. Studies have shown that the 
activities of antioxidant enzymes such as 
superoxide dismutase (SOD), ascorbate 
peroxidase (APX) and catalase have been 
affected by cadmium [40,41,42,43,44]. Under 
normal conditions, free radicals are formed in 
minute quantities and are rapidly scavenged by 
natural cellular defense mechanisms comprising 
of enzymes like  superoxide dismutase (SOD), 
glutathione peroxidase (GPx), glutathione 
reductase (GR), and catalase (CAT) and others 
[32]. The activity of antioxidant enzymes such as 

CAT, SOD, and GST, can vary depending                      
on the intensity and duration of the                            
chemical stress applied to the organism in 
addition to the susceptibility of the exposed 
species [32]. 
 
Phenolics found in plants and their products             
have established significant interest over the 
years because of their probable ability to prevent 
lipid peroxidation, characterized by                           
MDA production, and diseases associated with it 
[45]. 
 
There was significant decrease in MDA, SOD, 
GST and CAT enzyme activities of animals in 
group 6 animals.    
 

4. CONCLUSION 
 
It can be ascertained that Carica papaya 
contains antioxidant constituents that might help 
to supplement cellular enzyme complex activities 
in brain tissue. It can then be said that Carica 
papaya has bioactive constituents that can help 
to scavenge reactive oxygen species generated 
by cadmium, and as a result prevent oxidative 
stress and cellular damage. 
 

CONSENT 
 
Not applicable because experiments were 
carried out on animal models andall experimental 
investigations were done in compliance with 
humane animal use as stated in the “Guide to the 
care and use of Laboratory Animals Resources”. 
National Research Council, DHHS, Pub. No NIH 
86 – 23 [27] and in accordance with ethical 
approval of the Anatomy Department, Bingham 
University, Karu, Nigeria. 
 

ETHICAL APPROVAL 
 
As per international standard or university 
standard, written approval of Ethics committee 
has been collected and preserved by the 
author(s). 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Eroschenko, Victor P. Difiore’s Atlas of 
histology with functional correlations (11th 



 
 
 
 

Akpan et al.; EJMP, 23(3): 1-9, 2018; Article no.EJMP.22753 
 
 

 
7 
 

ed.) Philadelphia: Lippincott Williams & 
Wilkins; 2008. 

2. Tortora GJ, Derrickson B. Principles of 
Anatomy and Physiology. (12th ed.) USA: 
Wiley and sons; 2009. 

3. Porter R. The cerebral cortex and control 
of movement performance. In M. Swash 
and C. Kennard (eds.), Scientific Basis of 
Clinical Neurology. Edinburgh: Churchill 
Livingstone. 1985;19. 

4. Snell RS. Clinical Neuroanatomy, 7th 
Edition. Philadelphia: Lippincott Williams & 
Wilkins; 2010. 

5. World Health Organization. Evaluation of 
certain food additives and contaminants. 
Thirty-third Report of the Joint FAO/WHO 
Expert Committee on Food Additives. 
WHO Technical Report Series. 
1989;776:28-31. Geneva: WHO. 

6. Resource Sciences Managing Cadmium in 
Agriculture and Food. Canberra, Australia: 
Bureau of Resource Sciences; 1997. 

7. McLaughlin MJ, Singh BR (editors) 
Cadmium in soils and plants. In 
Developments in Plant and Soil Sciences. 
1999;85:1-7.   

8. Galal-Gorchev H. Dietary intake, levels in 
food and estimated intake of lead, 
cadmium    and mercury. Food Additives 
and Contaminants. 1993;10:115-128. 

9. Australia New Zealand Food Authority. The 
Australian Market Basket Survey 1996. 
Melbourne, NSW: Information Australia; 
1998 

10. Food and Agriculture Organization/World 
Health Organization Codex Alimentarius 
Commission. Discussion Paper on 
Cadmium, Joint FAO/WHO Food 
Standards Programme. Rome: FAO; 1998. 

11. Agency for Toxic Substances and Disease 
Registry (ATSDR). Toxicological profile for 
cadmium. Atlanta (USA): ATSDR; 2012. 

Available:http://www.atsdr.cdc.gov/toxprofil
es/ tp5.pdf 

12. Agency for Toxic Substances and Disease 
Registry (ATSDR). Public Health 
Statement: Cadmium. Division of 
Toxicology and Human Health Sciences. 
Atlanta, USA; 2012. 

Available:http://www.atsdr.cdc.gov/toxprofil
es/tp5-c1-b.pdf 

13. Gupta A, Shukla GS. Ontogenic profile of 
brain lipids following perinatal exposure to 

cadmium. Journal of Applied Toxicology. 
1996;16(3):227-33. 

14. Waisberg M, Joseph P, Hale B, 
Beyersmann D. Molecular and cellular 
mechanisms of cadmium carcinogenesis. 
Toxicology. 2003;192 95–117 

15. Koudinov A, Kezlya E, Koudinova N, 
Berezov T. Amyloid-beta, tau protein, and 
oxidative changes as a physiological 
compensatory mechanism to maintain cns 
plasticity under alzheimer’s disease and 
other neurodegenerative conditions. 
Journal of Alzheimers Disease. 2009; 
18:381e400. 

16. Jellinger KA. Recent advances in our 
understanding of neurodegeneration. 
Journal of Neural Transmission. 2009; 
116:1111e62. 

17. Radak Z, Hart N, Sarga L, Koltai E, Atalay 
M, Ohno H. Exercise plays a preventive 
role against Alzheimer’s disease. Journal 
of Alzheimers Disease. 2010;20:777e83. 

18. Bruce S, Peter CA. Handbook of 
environmental physiology of fruit crops. 1st 
Ed. 2008;217. 

19. Haramaki N, Marcocci L, D’Anna R, Liang-
Jun Yan-HirotsuguKobuchi, Packer L. 
Fermented papaya preparation 
supplementation: Effect on oxidative stress 
to isolated rat hearts. Biochemical and 
Molecular Biology Interviews. 1995;36(6): 
1263-1268. 

20. Aravind G, Bhowmik D, Duraivel S, Harish 
G. Traditional and Medicinal Uses of 
Carica papaya. Journal of Medicinal 
Plants. 2013;1(1): 7-15. 

21. Reed CF. Information summaries on 1000 
economic plants. Typescripts submitted to 
the USDA; 1976. 

22. Krishna KL, Paridhavi M, Patel JA. Review 
on nutritional, medicinal and 
pharmacological properties of Papaya 
(Carica papaya). Natural Product 
Radiance. 2008;7(4):364-373. 

23. Usoh IF, Akpan EJ, Etim EO, Farombi EO. 
Antioxidant actions of dried flower extracts 
of Hibiscus sabdariffa L on Sodium 
arsenite-induced oxidative stress in rats. In 
Pakistan Journal of Nutrition. 2005;4:135-
141. 

24. Sofidiya MO , Odukoya OA, Familoni OB, 
Inya-Agha ST. Free radicals scavenging 
activity of some Nigerian medicinal plant 



 
 
 
 

Akpan et al.; EJMP, 23(3): 1-9, 2018; Article no.EJMP.22753 
 
 

 
8 
 

extracts. In Pakistan Journal of Biology 
and Science. 2006;9:1438-1441. 

25. Nwanjo HU. (Free radicals scavenging 
potential of the aqueous extract                            
of Viscum album (Mistletoe) leaves in 
diabetic wistar rats hepatocytes. In                
Internet Journal of Nutrition and Wellness; 
2007. 

26. Oduola T, Idowu TO, Bello IS, Adeniyi FA, 
Ogunyemi EO. Haematological response 
to intake of unripe Carica papaya fruit 
extract and the isolation and 
characterization of caricapinoside: A new 
antisickling agent from the extract.  Asian 
Journal of Pharmaceutical and Clinical 
Research. 2012;5:77-81. 

27. National Research Council, DHHS, Pub. 
No NIH 1985;86–23. Guide to the care and 
use of laboratory animals resources. 

28. Nwanjo HU. Free radicals scavenging 
potential of the aqueous extract of Viscum 
album (Mistletoe) leaves in diabetic 
wistarrats pancreatic islet. In                          
Internet Journal of Nutrition and Wellness; 
2010. 

29. Noctor G, Foyer CH. Ascorbate and 
glutathione: Keeping active oxygen under 
control. Annals of Reviews of Plant 
Physiology Plant Molecular Biology. 1998; 
49:249-279. 

30. Cho UH, Park JO. Mercury-induced 
oxidative stress in tomato seedlings Plant 
Sci. 2000;156:1-9. 

31. Ognjanović BI, Marković SD, Pavlović SZ, 
Žikić RV, Štajn AŠ, Saičić ZS. Effect of 
chronic cadmium exposure on antioxidant 
defense system in some tissues of rats: 
Protective effect of selenium. Physiological 
Research. 2008;57:403-411. 

32. Ballesteros ML, Wunderlin DA, Bistoni MA. 
Ecotoxicology of Environmental Safety. 
2009;72:199. 

33. Amer J, Goldfarb A, Rachmilewitz EA, 
Fibach E. Fermented papaya preparation 
as redox regulator in blood cells of beta-
thalassemic mice and patients. Phytother 
Res. 2008;22(6):820-828. 

34. Looze Y, Boussard P, Huet J, 
Vandenbussche G, Raussens V, Wintjens 
R. Purification and characterization of a 
wound-inducible thaumatin- like protein 
from the latex of Carica papaya. 
Phytochemistry. 2009;70(8): 970-978. 

35. Azarkan M, Wintjens R, Looze Y. 
Detection of three wound-induced proteins 
in papaya latex. Phytochemistry. 2004; 
65(5):525-534. 

36. Gouado I, Schweigert FJ, Ejoh RA, 
Tchouanguep MF, Camp JV. Systemic 
levels of carotenoids from mangoes and 
papaya consumed in three forms                   
(juice, fresh and dry slice). European 
Journal of Clinical Nutrition. 2007; 
61(10):1180-1188. 

37. Anuar NS, Zahari SS, Taib IA, Rahman 
MT. Effect of green and ripe Carica papaya 
epicarp extracts on wound healing and 
during pregnancy. Food Chemical 
Toxicology. 2008;46(7):2384-2389. 

38. Adeneye AA, Olagunju JA, Banjo AAF, 
Abdul SF, Sanusi OA, Sanni OO, 
OsarodionBA, Shonoiki OE. The Aqueous 
Seed Extract of Carica papaya Linn. 
Prevents Carbon Tetrachloride Induced 
Hepatotoxicity in Rats. Int. J. of Applied 
Res. in Natural Products. 2009;2(2):19- 32. 

39. Adeneye AA, Olagunju JA, Elias SO, 
Olatunbosun DO, Mustafa AO, Adeshile 
OI, Ashaolu AO, Laoye TA, Bamigboye 
AO, Adeoye AO. Protective activities of the 
aqueous root extract of Harungana 
madagascariensis in acute and repeated 
acetaminophen hepatotoxic rats. Int J of 
Applied Res in Natural Products. 2008;3: 
29-42. 

40. Shaw BP. Effects of mercury and cadmium 
on the activities of antioxidative enzymes 
in the seedlings of Phaseolus aureus.  
Biology of Plants. 1995;37:587-596. 

41. Lozano-Rodriguez E, Hernandez LE, 
Bonay P, Carpena- Ruiz RO. Distribution 
of cadmium in shoot and root tissues of 
maize and pea plants: Physiological 
disturbances. Journal of Experiments in 
Botany. 1997;48:123-128.  

42. Gallego SM, Benavides MP, Tomaro ML. 
Effect of heavy metal ion excess on 
sunflower leaves: evidence for involvement 
of oxidative stress. Plant Sciences. 1996; 
121:151-159. 

43. Chaoui A, Mazhoudi S, Ghorbal MH, El 
Ferjani E. Cadmium and zinc induction of 
lipid peroxidation and effects on 
antioxidant enzyme activities in bean 
(Phaseolus vulgaris L.). Plant Sci. 
1997;127:139-147. 

 



 
 
 
 

Akpan et al.; EJMP, 23(3): 1-9, 2018; Article no.EJMP.22753 
 
 

 
9 
 

44. Wu F, Zhang G, Dominy P. Four                   
barley genotypes respond differently                   
to cadmium: Lipid peroxidation and 
activities of antioxidant capacity. 
Environmental Experiment of Botany. 
2003;50:67-78. 

45. Francis M. Awah, Andrew W. Verla. 
Antioxidant activity, nitric oxide Scavenging 
activity and Phenolic contents of Ocimum 
grastissimum leaf extract. Journal of 
Medicinal Plants Research. 2010;4(24): 
2479-2487. 

_________________________________________________________________________________ 
© 2018 Akpan et al.;This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/24603 


