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Abstract 
The effect of different concentrations of Citrullus colocynthis seed and pulp aqueous extracts on some important 

oxidative stress parameters [Ascorbic acid (AA), Reduced glutathione (GSH), Malondialdehyde (MDA)] were 

determined. The activities of Superoxide dismutase (SOD), Catalase (CAT) and Lactate dehydrogenase (LDH) 

of albino rats were assayed. Protein status such as albumin, globulin and total protein were also determined 

using standard methods. Thirty-five albino rats weighing 156-186g were divided into seven groups of five rats 

each. Different doses (100, 200 and 400mg/kg body weight per day) of Citrullus colocynthis seed and pulp 

aqueous extracts were orally administered daily to Groups 2-4 and 5-7 respectively, while Group1 (Control) 

received only 0.5ml of distilled water for a total treatment period of 28 days. Results of the study indicate that 

there was a significant (p<0.05) reduction in the concentrations of AA and GSH as the concentrations of the 

extracts increased, in contrast to the concentration of MDA when compared to the control. There was a 

significant (p<0.05) increase in the activities of SOD and CAT when compared to the control. However, there 

was no significant (p>0.05) effect on the activity of LDH as well as the concentrations of protein status 

(albumin, globulin and total protein) when compared to the control. The results revealed that AA, GSH, MDA, 

SOD and CAT were responsive to the administration of aqueous seed and pulp extracts of Citrullus colocynthis, 

and the effects were concentration-dependent. 
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Introduction 
Traditional medicines support well over 80% of the population in developing countries especially in the rural 

areas [1]. Available evidence suggests that even in urban areas which are well served by modern healthcare 

facilities, a good number of people rely on herbal supplements to meet some of their health needs [2], Medicinal 

plants have been used for decades before the advent of orthodox medicine for the treatment of many illnesses. 

Various plant parts such as leaves, flowers, stem barks, roots, seeds, fiber, pulp and fruits have all been used as 

constituents of herbal medicines. The medicinal values of these plant parts lie in their phytochemical 

compositions, which produce definite physiological action on human body [3]. 

Citrullus colocynthis, a member of the Cucurbitaceae family is known as Bitter Apple in English language, 

Hindal in Arabic, and Abujahl melon in Persian. The extract of the fruit is called Colocynthine due to its 

extreme bitter taste. The known compounds found in Citrullus colocynthis include glycosides, alkaloids, and 

flavonoids [4]. A number of plant secondary metabolites including Cucurbitacins, flavonoids, caffeic acid 

derivatives, terpenoids and phenolic compounds have previously been reported from this plant [4]. However, 

unknown compounds may also contribute to its therapeutic reputation. The Curcurbitacins (highly oxygenated 

tetracyclic glycosides) have a broad range of applications due to their wide spectrum of biological activities [5]. 

They are found mainly in plants belonging to the Cucurbitaceae family, but have also been found in several 

other families of the plant kingdom [5]. 

 In folk medicine, Citrullus colocynthis is widely used by rural inhabitants as a purgative, anti-diabetic, anti-

neoplastic, anti-rheumatic, and anti-allergic agent [5].  Although, the whole fruit is often used for the treatment 

of the aforementioned diseases, but some particular parts of the fruit are also used for specific purposes. One of 

such example is the traditional application of the dried pulp and seed extract of Citrullus colocynthis for the 

treatment of constipation and diabetes [6];[7]. Despite the wide therapeutic potentials attributed to this fruit, the 

development of complications during treatment is not uncommon. Some adverse effects include bloody diarrhea 

and toxic colitis. They are responsible for Citrullus colocynthis classification as a toxic plant, where it is 

considered among the top ten [7]. Interestingly, most of the studies on the toxic effects of this medicinal plant 

were performed on the whole fruit extract (colocynthine). Since different parts of the fruit, such as the pulp or 

the seed, are claimed to exert different therapeutic effects, it is reasonable to suggest that a particular therapeutic 

benefit, or toxic side effect could be attributed to one part of the fruit, and not another. Citrullus colocynthis is 

known to increase peristaltic movement of the gut, and cause diarrhea. Given the varied ethno-medicinal uses of 

Citrullus colocynthis when used singly or in combination with other plants, the present study evaluated the 

effect of the seed and pulp aqueous extracts of the plant on oxidative stress parameters of albino rats. 
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Materials and Methods 
Collection, Identification and Preparation of Plant Extracts 

The fruit of Citrullus colocynthis used for this work was bought at Ekeonuwa Market, in Owerri Municipal 

Council, Imo State Nigeria. The plant was identified by Mr. Francis Iwueze of the Department of Forestry and 

Wildlife, School of Agricultural Technology, Federal University of Technology, Owerri. The seeds of Citrullus 

colocynthis were carefully removed from the fruit rinds, and air-dried. After drying to constant weight for few 

days, the seed and pulp were ground into fine powder using a mechanical homogenizer. The fruit pulps were 

carefully removed from the epicarp and air-dried. The extracts of the ground seed and pulp were made as 

follows: A 100g portion of the ground seed and pulp of Citrullus colocynthis was each soaked in 500ml of water 

for 24h, filtered and then exhaustively extracted with the aid of soxhlet extractor (Gallenkamp, England). The 

solvent from each extract was then distilled off in a distillatory and evaporated to dryness at 40 
0
C. The solid 

extract was each placed in a sterile container, labeled and stored at 4
O
C in a refrigerator from where portions 

were taken and prepared for the study. 

 

 

 
   Slide 1: The fruit of Citrillus colocynthis                             Slide 2: The seeds and pulp of Citrillus 

                                                                                          colocynthis.. 

 

 Animal Handling: Thirty-five (35) male albino rats, weighing 156-186g used for the study were purchased 

from the Animal Unit, Abia State University, Uturu, Abia State, Nigeria. The animals were treated and handled 

humanely in accordance with the standard principle of the laboratory animal care of the National Institute of 

Health [8]. They were supplied with feed and water ad libitum. 

Animal Grouping and Treatment: The animals were divided into seven groups of five (5) rats in each cage 

according to their relative body weights. The weights of the rats before the administration of feeds were 

recorded. The animals were allowed to acclimatize to the laboratory environment for one (1) week on a regular 

water and feed. After acclimatization, each group was administered with their respective concentrations. Rats in 

Group 1 (Control) were orally administered with 0.5ml distilled water (the vehicle) while those in Groups 2 to 4 

and Groups 5 to 7 were administered the same volume of Citrullus colocynthis seed and pulp extracts, 

respectively, at 100, 200 and 400 mg/kg body weight/day, for a period of 28 days.  

Collection of Blood Samples: After 28 days, the rats were anesthetized by exposure to dichloromethane vapor 

in covered transparent plastic container. Incisions were then made into the thoracic regions and blood collected 

by cardiac puncture using 5ml hypodermic syringe and needle. The blood samples were dispensed into sterile 

sample bottles, allowed to clot and centrifuged at 3000 rpm for 10 min. The serum was separated using 

micropipette and used for the various parameters 

Estimation of Oxidative Stress parameters: Ascorbic acid concentration was determined by the method of [9]. 

Reduced glutathione (GSH) concentration was determined by the method of [10]. Lipid peroxidation was 

estimated by determining the concentration of malondialdehyde (MDA) produced spectrophotometrically using 

the method of [11]. Catalase (CAT. E.C.1.11.1.1.) activity was assayed for by measuring spectrophotometrically 

at 570 nm the rate of decomposition of hydrogen peroxide (H2O2) over a period of 30 min (at 1 min interval) as 

described by [12]. Superoxide dismutase (SOD, E.C.1.15.1.1.) activity was assayed according to the method of 

[13]. Lactate dehydrogenase (E.C.1.1.1.27.) activity was assayed using standard procedures as described in the 

assay kit of Randox laboratories Ltd United Kingdom. 

 Determination of Protein Status: Serum protein concentration was determined according to the method of 

[14]. The concentration of serum albumin and globulin were determined according to the method of [15]. 
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Statistical Analysis: All data generated were expressed as mean ± standard deviation and analyzed for statistical 

significance by using one-way Analysis of Variance (ANOVA). Values were considered significance at p < 0.05 

followed by Turkey post-Hoc test. 

 

Results and Discussion 
The concentration or activity of an antioxidant may be increased or reduced under chemical stress, depending on 

the intensity and duration of stress applied, as well as the susceptibility of exposed species [16]. The results 

obtained in this study reveal the extent to which the oxidative parameters measured were affected by the 

administration of seed and pulp aqueous extracts of Citrullus colocynthis.  

The ascorbic acid concentrations of the treated rats are presented in Table 1. Ascorbic acid is a potent water-

soluble antioxidant capable of scavenging/neutralizing an array of reactive oxygen species such as hydroxyl, 

alkoxyl, peroxyl, superoxide anion, hydroperoxyl radicals and reactive nitrogen radicals such as nitrogen 

dioxide, nitroxide and peroxy nitrate at very low concentration [17]. In addition, ascorbic acid can regenerate 

other antioxidants such as α- tocophenoxyl, urate and β-carotene radical from their radical species [16]. Thus, 

ascorbic acid acts as a co-antioxidant for α-tocopherol by converting α-tocopheroxy radical to α-tocopherol and 

helps to prevent the α-tocopheroxy radical-mediated peroxidation reaction. Oral administration of aqueous seed 

and pulp extracts of Citrullus colocynthis significantly (p<0.05) reduced the mean concentration of ascorbic acid 

of the albino rats when compared to the control. This is in agreement with the findings of [18], who reported a 

substantial reduction in serum ascorbic acid concentration in albino rats fed different concentrations of ground 

seeds of Picralima nitida in contrast to that of the control rats. The observed significant (p<0.05) reduction in 

ascorbic acid concentration due to administration of aqueous seed and pulp extracts of Citrullus colocynthis 

could be attributed to the involvement of ascorbic acid in reactions with reactive species, thereby reducing its 

concentration  [19]. 

Glutathione (GSH) is a water-soluble tripeptide composed of the amino acids glutamine, cysteine, and glycine. 

The thiol group is a potent reducing agent, rendering GSH the most abundant intracellular small molecule thiol, 

reaching millimolar concentrations in some tissues. As an important antioxidant, GSH plays a role in the 

detoxification of a variety of electrophilic compounds and peroxides via catalysis by glutathione-S-transferases 

(GST) and glutathione peroxidases (GPx) [20]. The importance of GSH is evident by the widespread utility in 

plants, mammals, fungi and some prokaryotic organisms. In addition to detoxification, GSH plays a role in other 

cellular reactions, including the glyoxylate system, reduction of ribonucleotides to deoxyribonucleotides, 

regulation of protein and gene expression via thiol: disulfide exchange reactions [20]. 

 

In this study, the results obtained, as presented in Table 1, also revealed that serum GSH concentrations of 

albino rats administered with different concentrations of aqueous seed and pulp extracts of Citrullus colocynthis 

were responsive to the treatment. The effect of the treatment caused a significant (p<0.05) reduction in GSH 

concentration. 

Malondialdehyde (MDA) occurs naturally and is a marker for oxidative stress [21]. Reactive oxygen species 

degrade polyunsaturated lipids, forming malondialdehyde. This compound is a reactive aldehyde and is one of 

the many reactive electrophile species that cause toxic stress in cells and form covalent protein adducts referred 

to as advanced lipoxidation end-products (ALE) [22]. The production of this aldehyde is used as a biomarker to 

measure the level of oxidative stress in an organism [21]; [23].  

 

Table 1: Ascorbic acid, glutathione (GSH) and malondialdehyde (MDA) concentrations of rats administered 

different concentrations of Citrullus colocynthis seed and pulp extracts.  

Groups Ascorbic acid (mg/ml) GSH (µmol/l) MDA (x 10
-7

 mol/l) 

1 1.60±0.03
a
 4.29 ± 0.02

 a
 3.03 ± 0.06

ac
 

2 1.50±0.02
a
 4.11 ± 0.03

b
 3.03 ± 0.05

a
 

3 1.45±0.04
b
 4.00 ± 0.03

c
 3.13 ± 0.05

ac
 

4 1.30±0.02
c
 3.71 ± 0.02

d
 3.33 ± 0.05

b
 

5 1.50±0.04
a
 4.01 ± 0.02

c
 3.17 ± 0.06

c
 

6 1.40±0.03
b
 3.82 ± 0.02

e
 3.48 ± 0.05

d
 

7 1.35±0.02
c
 3.51 ± 0.03

f
 3.68 ± 0.05

e
 

Values are mean ± standard deviation. Values with different superscript letters per column are significantly 

different at p<0.05 

 

The result obtained for MDA as presented in Table 1 reveals that there was a significant (p<0.05) increase in the 

concentration of MDA in albino rats administered with different concentrations of aqueous seed and pulp 

extracts of Citrullus colocynthis when compared to the control. 

Superoxide dismutases (SODs) are a class of closely related enzymes that catalyze the breakdown of the 

superoxide anion into oxygen and hydrogen peroxide [24]; [25]. SOD enzymes are present in almost all aerobic 

https://en.wikipedia.org/wiki/Oxidative_stress
https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Polyunsaturated_fat
https://en.wikipedia.org/wiki/Aldehyde
https://en.wikipedia.org/w/index.php?title=Advanced_lipoxidation_end-products&action=edit&redlink=1
https://en.wikipedia.org/wiki/Oxidative_stress
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cells and in extracellular fluids. There are three major families of superoxide dismutase, depending on the metal 

cofactor: Cu/Zn (which binds both copper and zinc), Fe and Mn types (which bind either iron or manganese), 

and finally the Ni type which binds nickel [26]. In higher plants, SOD isozymes have been localized in different 

cell compartments. Mn-SOD is present in mitochondria and peroxisomes, Fe-SOD has been found mainly in 

chloroplasts but has also been detected in peroxisomes, while Cu/Zn-SOD has been localized in cytosol, 

chloroplasts, peroxisomes and apoplast [26]; [27]; [28].  

The results obtained in this study as presented in Table 2 reveals that superoxide dismutase activity increased 

significantly (p<0.05) only at high concentrations of the seed extract but increased with increasing concentration 

of pulp extract used. This corroborates the reports of  [29] on the hepato-protective potentials of Moringa 

oleifera leaf extract on alcohol-induced hepato-toxicity in Wistar rats and [18] on the biochemical assessment of 

Picralima nitida seeds on oxidative stress parameters of albino rats. 

Catalase is a common enzyme found in nearly all living organisms, which are exposed to oxygen where it 

functions to catalyze the decomposition of hydrogen peroxide to water and oxygen [30]. Hydrogen peroxide is a 

harmful by-product of many normal metabolic processes. To prevent damage, it must be quickly converted into 

other, less dangerous substances. To this end, catalase is frequently used by cells to rapidly catalyze the 

decomposition of hydrogen peroxide into less reactive gaseous oxygen and water molecules [31]. All known 

animals use catalase in every organ, with particularly high concentrations occurring in the liver [32].  

Table 2: Superoxide dismutase (SOD), catalase (CAT) and lactate dehydrogenase (LDH) activities of albino rats 

administered seed and pulp aqueous extracts of Citrullus colocynthis.  

 

Groups SOD (U/L) Catalase (x 10
-2

 U/L) LDH (U/L) 

1 1.43±0.10
a 

2.23 ± 0.04
a
 379.40 ± 9.26

a
 

2 1.49±0.20
a 

2.46 ± 0.13
b
 392.70 ± 9.26

a
 

3 1.50±.23
a 

2.79 ± 0.11
c
 388.70 ± 15.35

a
 

4     1.63±0.11
ab

 2.57 ± 0.09
b
 392.70 ± 16.03

a
 

5    1.49 ±0.20
a
 2.88 ± 0.04

cd
 395.40 ± 9.26

a
 

6 1.55 ±0.08
a 

2.91 ± 0.07
cd

 396.70 ± 8.02
a
 

7    1.87 ±0.04
b
 3.00 ± 0.06

d
 392.70 ± 9.26

a
 

 

Values are mean ± standard deviation. Values with different superscript letters per column are significantly 

different at p<0.05 

 

The results of the activity of catalase as presented in Table 2 also indicate that there was a significant (p<0.05) 

increase in the activity of catalase of rats treated with aqueous seed and pulp extracts of Citrullus colocynthis 

when compared to the control. The results also agree with the report of [18] who worked on the biochemical 

assessment of Picralima nitida seeds on oxidative stress parameters of albino rats. This increase in activity of 

catalase as a result of administration of these extracts needs further investigation. 

Lactate Dehydrogenase (LDH) is an enzyme found in nearly all living cells (animals, plant and prokaryotes). 

LDH catalyses the conversion of pyruvate to lactate. LDH has been of medical significance because it is found 

extensively in body tissues such as blood cells and heart muscles. Because it is released during tissue damage, it 

is a marker of common injuries and disease such as heart failure.  The results of LDH in Table 2, also reveal that 

oral administration of different concentrations of aqueous seed and pulp extracts of Citrullus colocynthis did not 

have any significant (p>0.05) effect on the activity of LDH. This indicates that Citrullus colocynthis aqueous 

seed and pulp extracts at these concentrations were not cardiotoxic. This observation needs further investigation 

since there were marked significant (p< 0.05) changes in all the other oxidative stress parameters investigated. 

However, the results could imply that there was no direct damage elicited by the extracts administered.  

 

Table 3:  Albumin, globulin and total protein concentrations of rats administered different    concentrations of 

seed and pulp aqueous extracts of Citrullus colocynthis. 

 Concentrations (mg/ml) 

 Albumin Globulin Total Protein Albumin/globulin ratio 

1 5.12±1.02
a
 1.64±0.07

a
 6.76±1.50

a
 3.12

a
 

2 5.08±1.05
a
 1.62±0.08

a
 6.70±1.40

a
 3.14

a
 

3 4.05±1.03
b
 1.60±0.05

a
 5.65±1.60

ab
 2.53

b
 

4 4.06±1.04
b
 1.62±0.09

a
 5.80±1.30

a
 2.51

a
 

5 4.05±1.06
b
 1.54±0.04

b
 5.60±1.70

ab
 2.63

b
 

6 3.98±1.05
c
 1.52±0.02

b
 5.51±1.50

b
 2.62

c
 

7 3.96±1.03
c
 1.50±0.06

b
 5.46±1.40

b
 2.64

c
 

Values are mean ± standard deviation. Values with different superscript letters per column are significantly 

different at p<0.05 
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The liver is the sole site for the synthesis of albumin, which makes up to approximately 60% of total serum 

protein concentration. Concentrations of albumin, globulin and total protein as presented in Table 3 indicate that 

the extracts slightly impaired the synthesis of albumin and subsequently serum total protein, hence causing no 

significant (p>0.05) difference in the concentrations of these parameters when compared with the control. The 

mean values of the results obtained for albumin, globulin and total protein with respect to protein status indicate 

a slight cellular toxicity of the aqueous extracts of Citrullus colocynthis on the protein status of the albino rats. 

This result agrees with the reports of [33] who worked on combined toxicity of Cassia senna and Citrullus 

colocynthis of albino rats. The damage is however not total as the extracts did not affect significantly (p>0.05) 

the concentrations of albumin, globulin and total protein.  

This study revealed that oral administration of Citrullus colocynthis seed and pulp aqueous extracts at high 

concentrations have adverse effects on some important oxidative stress parameters but without direct tissue 

damage in the albino rats. We therefore conclude that Citrullus colocynthis seed and pulp aqueous extracts 

irrespective of its efficacy in the management of various diseases may not be completely “safe” and should not 

be used at high concentration and over a long period of time as patients taking the preparation might be 

predisposed to premature ageing due to stress imposed by the extracts.  

Acknowledgement: Authors are grateful to Mr Uche Arukwe of the Department of Biochemistry, School of 

Biological Sciences, Federal University of Technology, Oweeri, Nigeria, for his technical assistance. 

             

References 

[1]  Klaassen CD, Eaton DL:  Principles In: The basic Science of poisons (Amdur, M. O., Doull, J. and 

Klaassen, C. D.eds.) Mc-Graw Hill. Willey, New York Pp. 12-49. 1991. 

[2]  Kilime PM, Ostermayer I, Shija M, Wolff MM, Evans PJ: Drug utilization, proscribing habits and patients 

of City Council Health Facility, Swiss Tropical, Institute, Basel ,Daas Salaam, Tanzania. Pp 3-9. 1993.   

[3]  Afolabi CA, Ibuun EO, Afor E, Obuotor EM, Farobi E O: Phytochemical   constituents and antioxidants 

activity of extract of leaves of Ocimum gratissimum. Sci. Res. Essay. 2(5), 163-166. 2007. 

[4]  Yoshikawa M, Morikawa T, Kobayashi H, Nakamura S, Matsuda H:  Bioactive saponins and glycoside 

XXVII. Stucture of new Cucurbitane-type triterpen glycoside and anti-allergic constituents from 

Citrullus colocynthis. Chem. Pharm. Bull. 55(3):428-434. 2007. 

[5]  Tannin-Spitz TS, Grossman S, Dovrat HE, Gottlieb ME, Bergman M:  Growth inhibitory activity of 

Cucurbitacin glucosides isolated from Citrullus colocynthis on human breast cancer cells. Biochem. 

Pharmacol. 73:56-67. 2007. 

[6]  Kumar S, Kumar D, Saroha K, Singh N, Vashishta B:  Antioxidant and free radical scavenging potential of 

Citrulluscolocynthis(L.) Schrad. Methanolic fruit extract. Acta Pharm. 58(2):215-220. 2008. 

[7]  Nmila R, Gross R, Rchid H, Roye M, Manteghetti M: Insulin tropic effect of Citrullus colocynthis fruit 

extracts. Planta Med. 66(5):418-423. 2000. 

[8]  National Institute of Health (NIH): The USA Government principle for testing, research and or the 

utilization and care of animals used for testing, research and training. Guide for the care and use of 

laboratory animals. Washington DC. National Academy Press. Pp 12-13. 1995. 

[9]  Roe JH, Kuether M:  The determination of ascorbic acid and dehydroascorbic in plant tissue by 2, 4-

dinitrophenyl hydrazine method. J. Biol. Biochem. 148:571-577. 1961. 

[10]  Jollow DJ, Michel JR, Zampageionic N,  Gillete JR:  Bromobenzene-induced liver necrosis: Protective role 

of glutathione and evidence for 3, 4-bromobenzene oxide as the hepatotoxic metabolite. Pharmacol. 

11:151-169. 1974. 

[11]  Varshnay R, Kale RK: Effects of caldmodulin antagonists on radiation-induced lipid peroxidation in 

microsomes. Inter. J. Biol. 58:733-743. 1990. 

[12]  Singha KA:  Colorimetric assay of catalase. Annal. Biochem. 37:389-394. 1972. 

[13]   Alscher RG, Erturk N, Healh LS: Role of superoxide dismutases (SODs) in controlling oxidative stress in 

plants. J. Exp. Bot. 53: 1331-1341.2002. 

[14]  Allian CC, Poon LS. Chan CSG, Richmond W, Fu PC: Enzymatic determination of total cholesterol. Clini. 

Chem. 20:470-475.1974. 

[15]  Doumas BT, Watson WA, Brggs HG: Albumin standards and the measurement of serum albumin with 

bromocresol green. Clini. Chem. Acta. 31:87-96. 1971. 

[16]  Mahmoud K, Shalahmetove T, Deraz SH:  Effect of crude oil intoxication on antioxidant and marker 

enzymes of tissue damage in liver of rats. Int. J. Biol. Veten. Agric. Food Eng. 5(1):93-96. 2011. 

[17]  Pond NC:  Kidney. In: (Talwar, G. P., Srivastava, I. M. and Moudgil, K. D. eds). Textbook of 

Biochemistry and Human Biology (2
nd

ed). Prentice-Hall, India. Pp 29-35. 1989. 

[18]  Nwaogu LA, Emejulu AA, Udebuani AC, Arukwe U: Biochemical assessment of Picralima nitida seeds 

on oxidative stress parameters of albino rats. Annu. Res. Rev. Biol. 8(2):1-9. 2015. 

[19]  Levine M:  New concepts in the biology and biochemistry of ascorbic acid. Engl. J. Med. 314:892-902. 

1986. 



Nwaogu et al. 
 

109 
 

[20]  Mullineaux, P. and Creissen, G.P:  Glutathione reductase: a regulation and role in oxidative stress. 

Oxidative stress and the molecular biology of antioxidant defenses. Cold spring Harbor Laboratory 

press. Pp 23-30. 1997. 

[21]  Del Rio D, Stewart AJ, Pellegrini N:  A review of recent studies on malondialdehyde as toxic molecule 

and biological marker of oxidative stress. Nutr. Metab.Cardiovascu. Dis. 15 (4): 316–328. 2005. 

[22]  Farmer EE, Davoine C: Reactive electrophile species. Curr. Opin. Plant Biol. 10(4): 380–386. 2007. 

[23]  Moore K, and Roberts LJ: Measurement of lipid peroxidation. Free Radical Res. 28 (6): 659–671. 1998. 

[24]  Zelko I, Mariani T,  Folz R:  Superoxide dismutase multi-gene family: A comparison of the CuZn-SOD 

(SOD1), Mn-SOD (SOD2), and EC-SOD (SOD3) gene structures, evolution and expression. Free Rad. 

Biol. Med. 33: 337-339. 2002. 

[25]  Banniste J, Bannister W, Rotilo G:  Aspects of the structure, function, and applications of superoxide 

dismutase. CRC Crit. Rev. Biochem. 22: 111-180. 1987. 

[26]  Wuerges J, Lee JW, Yim YI, Yim HS, Kang SO: Djinovic MN:  Crystal structure of nickel-containing 

superoxide dismutase reveals another type of active site. Proc. Natl. Acad. Sci. 101: 8569-8574. 2004. 

[27]  Corpas FJ, Fernandez-Ocana A, Carreras A, Valderrama R, Luque F,  Esteban FJ: The expression of 

different superoxide dismutase forms is cell-type dependent in olive (Oleaeuropaea L.) leaves. Plant 

Cell Physiol. 47: 984-994. 2006. 

[28]  Corpas FJ, Barroso JB, Del Rio LA: Peroxisomes as a source of reactive oxygen species and nitric oxide 

signal molecules in plant cells. Trends Plant Sci.6: 145-150. 2001. 

[29]  Saalu LC, Ogunlade B, Ajayi GO, Oyewopo AO, Akunna GG, Ogunniodede OS:  The hepato-protective 

potentials of Moringa oleifra leaf extract on alcohol-induced hepato-toxicity in Wistar rats. Am. J. 

Biotech. Mol. Sci. 8:122-129. 2012.   

[30]  Chelikani P, Fita L, Loewen PC:  Diversity of structures and properties among catalases.Cell Mol. Life 

Sci.61: 192-208. 2004. 

[31]  Gaetani G, Ferraris A, Rolfo M, Mangerini R, Arena S,  Kirkman H:  Predominant role of catalase in the 

disposal of hydrogen peroxide within human erythrocytes. Blood. 87: 1595-1599. 1996. 

[32]  Eisner T, Aneshansley DJ:  Spray aiming in the bombardier beetle: Photographic evidence. Proc. Natl. 

Acad. Sci. USA. 96: 9705-9709. 1999.   

[33]  Alkofahi J, Adam SE, Al-Yahya MA,  Al-Farhan AH:  Combined toxicity of Cassia senna and Citrullus 

colocynthis in rats. Ven. Hum. Toxicol. 43(2):70-72.2007. 

 
 


