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ABSTRACT 

Moringa oleifera Lam. is a tree that grows widely in many tropical and 

subtropical countries. It belongs to Moringaceae family. Moringa 

oleifera has been reported to possess anti-cancer, anti-inflammatory 

and antioxidant effect. The present study was conducted to assess the 

biochemical and cytogenotoxic effects induced by antipyretic drug 

Paracetamol on both somatic cells and sperms of male mice and 

determination of the possible protective role of Moringa oleifera as 

natural antioxidant. Adult male mice of fifteen groups (fifteen animals 

each) were used in this study: negative control; saline group. Groups 3-

6 received Paracetamol at single dose 500, 7 consecutive doses of 500  

for seven days, single dose 2000 and7 consecutive doses of 2000 mg / kg for seven days, 

group 7 received 200 mg/kg. of Moringa for ten consecutive days, groups 8-11 received 

Moringa before administration of different doses of paracetamol and 12-15 received moringa 

after administration of the different doses of paracetaml. Reduced glutathione content in liver 

tissue, frequency of chromosomal aberrations in bone marrow cells and sperm abnormalities 

were analyzed. The results showed that the paracetamol treatment caused depletion in 

reduced glutathione content, significant induction of chromosomal aberrations and sperm 

abnormalities Oral administration of moringa oleifera leaf extract either before or after 

paracetamol treatment was effective in improving the content of hepatic reduced glutathione 

content (GSH); moringa oleifera leaf extract was effective in the reduction of chromosomal 

aberrations of bone marrow cells and total morphological sperm abnormalities. 
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INTRODUCTION 

Paracetamol, also known as acetaminophen, N-acetyl-p-aminophenol, 4- 

hydroxyacetaanilide, PAR or APAP is an effective and widely used antipyretic- analgesic 

drug with excellent safety record when taken at therapeutic doses.
[1,2,3] 

Paracetamol used for 

the treatment of pain or fever as part of the flu-like syndrome induced by vaccines or 

immuno-modulators.
[4,5]

 Paracetamol marketed under many different name brands (most 

notably Tylenol), and also sold in combination with other drugs, including narcotic 

compounds such as codeine (Percocet). Paracetamol is primarily metabolized in the liver by 

sulfation and glucuronidation producing active two-electron oxidation product, N-acetyl-p-

benzoquinone imine (NAPQI), by several P450 forms of the microsomal mixed-function 

oxidase system.
[6] 

In humans and rodents, cytochrome P4502E1 (CYP2E1) and CYP1A2 are 

the major enzymes of Paracetamol bioactivation, although other P450 forms also oxidize 

PAR and the relative importance of different forms probably varies among species.
[7,8]

 

NAPQI generated from a therapeutic dose of PAR is normally detoxified by the reaction with 

reduced glutathione (GSH).
[9] 

GSH-derived metabolites are excreted in the urine as 

mercapturic acid and cysteine conjugates.
[10] 

In overdose, glucuronidation and sulfation 

pathways become saturated; NAPQI causes GSH depletion, oxidative stress, and binds 

covalently to liver proteins
[9,11]

 thus paracetamol is selected as hepatotoxicant in inducing 

injury to the liver at high doses and is still associated with several hundred deaths a year in 

the United States 
[12] 

as it is known to cause hepatotoxicity in human and experimental 

animals.
[2,3] 

Also 
[13] 

observed that paracetamol has genotoxic effect in the mice. 

 

Moringa oleifera Lam. is a tree that grows widely in many tropical and subtropical countries. 

It belongs to Moringaceae.
[14,15,16]

 Moringa oleifera has been reported to possess anti-

cancer
[16] 

anti-inflammatory
[17] 

antioxidant
[18]

as the leaves are reported to contain various 

types of antioxidant compounds such as flavonoids, phenolics and carotenoids;
[19,20] 

also the 

leaves are excellent source of Vitamin B, Calcium, Protein and Potassium. Beta-carotene and 

other phytochemicals with known powerful antioxidant ability Kaempferol, Quercetin, Rutin 

and Caffeoylquinic acids; powerful antioxidant vitamins - C, E, and A and essential 

micronutrients with antioxidant activity - Selenium and Zinc Fuglie, (2001); Jaiswal et al., 

(2009) and Vongsak et al., (2013).
[21,22,23]
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Sathya et al.,2010
[24]

 reported that the pre–treatment with the ethanolic extracts of M. oleifera 

leaves significantly decreased The high percentages of micronuclei and DNA damage 

induced by cyclophosphamide in mice. Moreover M. oleifera leave aqueous extract had a 

therapeutic action against radiation through increasing of liver enzyme activities and 

reduction of micronuclei and DNA damage in irradiated rats by gamma irradiation (Eshak 

and Osman, 2013).
[25] 

Also Radwan et al., (2015)
[26]

 showed a protective effects of Moringa 

against genotoxicity of CCL4. 

 

This study was aimed to evaluate the protective role of ethanolic extracts of M. oleifera 

leaves against the biochemical and cytogenotoxic effects induced by Paracetamol on both 

somatic cells and sperms of male mice. 

 

MATERIALS AND METHODS 

Paracatamol (Acetamenophen) 

Paracetamol (Acetamenophen), manufactured by El Nasr Pharmaceutical Chemicals Co. 

"ADWIC" Abu-Zaabal- A.R.E., dissolved in saline solution (0.9 % Na Cl) and administrated 

to mice by oral gavage with volume 0.2 ml within two doses 500 and 2000 mg/kg.bwt. either 

as a single dose or seven consecutive doses within 24 hour interval. 

 

Moringa oleifera 

Moringa oleifera which produced by the agriculture division in National Research Centre, 

Dokki, Egypt.was applied to the animal by oral gavage with volume 0.5 ml at 200mg/kg.bwt. 

for ten consecutive days either before or after Paracetamol treatments. 

 

Experimental animal 

225 Adult male mice (10-12 week-old, weighting 20-25 g) of Swiss strain were obtained 

from the stock colony of National Research Centre, Dokki, Egypt. Mice were held in 

polypropylene cages and were housed in a controlled atmosphere with temperature range of 

25±5 C˚ and mean relative humidity of 50± 5%. The animals were maintained on commercial 

mouse pellets ad libitium and had free access to water throughout the studies. All animals 

were cared for and experiments were carried out in accordance with the guidelines for the use 

of experimental animals and approved by the Ethics Committee of the National Research 

Centre, Egypt. 

 

Experimental design 
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Male mice were divided into 15 groups (15 animals/ group) as follow: 

Group no. Description 

1 Un treated control. 

2 Saline group (0.9 % Na Cl). 

3 Oral administration with paracetamol (500 mg/kg b. wt.) as a single dose (SLD). 

4 
Oral administration with paracetamol (500 mg/kg b. wt.) as a seven consecutive doses 

with in 24 h. interval (7LD). 

5 Oral administration with paracetamol (2000 mg/kg b. wt.) as a single dose SHD. 

6 
Oral administration with paracetamol (2000 mg/kg b. wt.) as a seven consecutive doses 

(7HD) with in 24 h. interval. 

7 
Oral administration with moringa oleifera leaf extract (200 mg/kg b. wt.) as ten 

consecutive doses with in 24 h. interval. 

8 
Oral administration with moringa oleifera leaf extract before a single dose of 

paracetamol (500 mg/kg) treatment. 

9 
Oral administration with moringa oleifera leaf extract before seven doses of 

paracetamol (500 mg/kg) treatment. 

10 
Oral administration with moringa oleifera leaf extract before a single dose of 

paracetamol (2000 mg/kg) treatment. 

11 
Oral administration with moringa oleifera leaf extract before seven doses of 

paracetamol (2000 mg/kg) treatment. 

12 Oral administration with paracetamol (500 mg/ kg) as a single dose before moringa. 

13 
Oral administration with paracetamol (500 mg/kg b. wt.) as a seven consecutive doses 

before moringa. 

14 Oral administration with paracetamol (2000 mg/ kg) as a single dose before moringa. 

15 
Oral administration with paracetamol (2000 mg/kg b. wt.) as a seven consecutive doses 

before moringa. 

 

At the end of the experimentation period, at least one half and hour after treatment with 

cochicine before collecting bone marrow of femurs of 5 male mice for chromosomal 

aberrations test.  iver tissue of other 5 animal of each treated group stored at – 80  C until use 

for determination of reduced glutathione content (GSH).5 animals from each group were used 

for the determination of sperm abnormality test and sacrificed after 35 day from the 

beginning of the treatment; two cauda epididymis were removed for sperm abnormality 

study. 

 

Determination of reduced glutathione (GSH) 

Reduced glutathione content of liver tissue homogenate was measured according to the 

method described by 
[27,28]

with some modifications. The assay based on the reduction of 5, 5 

– dithiobis – (2 – nitrobenzoic acid) (DTNB) by SH groups of glutathione to form 2 – nitro-

S-mercaptobenzoic acid per mole of glutathione. The product is measured 

spectrophotometrically at 412 nm using the extinction coefficient of 13.7 mM
-1 

cm
-1

. 
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Studying chromosomal aberrations in bone marrow 

The chromosomes were prepared for microscopic examination according to.
[29]

 50 well 

spread metaphases were examined for each animal. Both structural (deletion, break, gap and 

fragment) and numerical aberrations (polyploidy and aneuploidy) were recorded. 

 

Sperm abnormality test 

Morphological sperm abnormalities including (head and tail), the cauda epididymidis was 

removed from each side and minced in 2 ml of saline solution (0.9% NaCl) and processed 

according to the method described by.
[30] 

 

Statistical analysis 

The SPSS computer program version 16.0 was used. The statistical analysis was carried out 

by one- way ANOVA setting the probability level to p ˂ 0.05, followed by Waller- Duncan k 

– ratio. The treated groups were compared both with each other and with either saline group 

or un treated control group. 

 

RESULTS 

Determination of reduced glutathione (GSH) 

Table (1) shows the protective effect of Moringa oleifera on GSH content in liver tissue 

homogenate against depletion induced by Paracetamol at both doses in mice after 24 hr. As 

summarized in Table (1); treatment with Moringa oleifera alone revealed a significant 

increase in liver GSH level after 24 hr. (7.91 ± 0.52) when compared with normal control 

values measured GSH content after 24 hr. as follow (5.11 ± 0.19). Treatment with Moringa 

before Paracetamol (500 mg/kg b. wt.) showing a high significant increase in GSH content in 

liver of mice after 24 hr. as follow (6.31 ± 0.58) in comparing to control group (5.11 ± 

0.19).Also there is a significant increase in GSH content detected in groups treated with 

Moringa before Paracetamol at 7 doses of 500 mg, SHD and 7HD compared to control group 

as follow (6.5 ± 0.57, 6.06 ± 0.27, 5.71 ± 0.33 and 5.11 ± 0.19 respectively).While there is no 

significance detected in group treated with Moringa oleifera after Paracetamol (500 mg/kg b. 

wt.) as showed in Table (2) as follow (5.16 ± 0.31) in comparing to control group as reached 

to the same manner of the control values. While in groups treated with Moringa oleifera after 

Paracetamol at 7LD, SHD and 7 HD there is no significant detected in GSH content 

comparing to 7 LD, SHD and 7 HD respectively as showed in Table (2) as follow (3.15 ± 

0.30, 3.04 ±0.28, 1.76 ± 0.11, 2.83 ± 0.21, 2.63 ± 0.14 & 1.50 ± 0.19 respectively). 
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Studying chromosomal aberrations in bone marrow 

Tables (3 & 4) summarize the protective effect of Moringa oleifera leaf extract either before 

or after treatment with Paracetamol at all doses (SLD, 7LD, SHD and 7 HD) on total 

structural aberrations of chromosomes in bone marrow cells. Treatment with Moringa 

oleifera before Paracetamol at all doses (SLD, 7LD, SHD and 7 HD) showing a high 

significant decrease in total structural aberrations of chromosomes as follow (24.8 ± 1.43, 

33.4 ± 1.63, 40.6 ± 2.73 and 51.8 ± 1.24 respectively) in comparing to Paracetamol treated 

groups at all doses (30.4 ± 3.66, 48.2 ± 3.07, 57.8 ± 3.58 and 66.6 ± 5.44 respectively) as 

showed in Table (3). Whereas, Table (4).showed treatment with Moringa oleifera after 

Paracetamol at a single dose of 500 mg/kg (28.2 ± 1.11) showing no significant compared to 

single low dose of Paracetamol as follow (30.4 ± 3.66) Post treatment with Moringa oleifera 

with Paracetamol at the following doses 7LD, SHD and 7 HD as follow (36.8 ± 2.65, 44.4 ± 

1.12 and 48.4 ± 3.57 respectively) illustrated a significant decrease in total structural 

aberrations of bone marrow chromosomes compared to Paracetamol as showed in Fig (a, b, 

c, d, e, f &h) at the following doses 7LD, SHD and 7 HD as follow (48.2 ± 3.07, 57.8 ± 3.58 

and 66.6 ± 5.44 respectively). 

 

Table (1): Effects of Moringa oleifera as a pre-treatment on liver glutathione depletion 

induced by Paracetamol. 

Treatments 
Glutathione content in the liver tissues µmol/g tissue 

M ± SE Change 

Control 5.11 ± 0.19
 b

 0 

Solvent 4.72± 0.19
b

 - 0.39 

Para.(single dose of 500 mg/kg) 3.44 ± 0.24
c

 - 1.67 

Para. (7 doses of 500mg/kg) 2.83 ± 0.21
d 

- 2.28 

Para.(single dose of 2000 mg/kg) 2.63 ± 0.14
d 

- 2.48 

Para.(7 dose of 2000 mg/kg) 1.50 ± 0.19
e 

- 3.61 

Moringa(200mg/kg) 7.91 ± 0.52
a 

+ 2.8 

Moringa then Para.(single dose of 500 mg/kg) 6.31± 0.58
a 

+ 1.2 

Moringa then Para. (7 doses of 500mg/kg) 6.54 ± 0.57
a 

+ 1.43 

Moringa then Para.(single dose of 2000 mg/kg) 6.06 ± 0.27
a 

+ 0.95 

Moringa then Para.(7 dose of 2000 mg/kg) 5.71 ± 0.33
b

 + 0.6 

Means with different letters (a, b, c, d and e) between groups in the same column are 

significantly different at P<0.05. Animals in each group (n= 5). Abbrevations: Para. 

means Paracetamol.  

Table (2): Effects of Moringa oleifera as a post treatment on liver glutathione depletion  

induced by Paracetamol. 

Treatments 
Glutathione content in the 

liver tissues µmol/g tissue 
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M ± SE Change 

Control 5.11 ± 0.19
 b

 0 

Solvent 4.72± 0.19
b

 - 0.39 

Para.(single dose of 500 mg/kg) 3.44 ± 0.24
c

 - 1.67 

Para. (7 doses of 500mg/kg) 2.83 ± 0.21
c 

- 2.28 

Para.(single dose of 2000 mg/kg) 2.63 ± 0.14
c 

- 2.48 

Para.(7 dose of 2000 mg/kg) 1.50 ± 0.19
d 

- 3.61 

Moringa(200mg/kg) 7.91 ± 0.52
a 

+ 2.8 

Para.(single dose of 500 mg/kg) then Moringa 5.16 ± 0.31
b 

+ 0.05 

Para. (7 doses of 500mg/kg) then Moringa 3.15 ± 0.30
c 

-1.96 

Para.(single dose of 2000 mg/kg) then Moringa 3.04 ± 0.28
c 

- 2.07 

Para.(7 dose of 2000 mg/kg) then Moringa 1.76 ± 0.11
d 

- 3.35 

Means with different letters (a, b, c and d) between groups in the same column are 

significantly different at P<0.05. Animals in each group n= 5. Abbrevations: Para. 

means Paracetamol.  

 

Table (3): Effects of Moringa oleifera as a pre-treatment on structural aberrations of 

chromosomes induced by Paracetamol. 

Treatment deletion fragment PCA TCA 

Total Structural 

aberration of 

chromosomes 

Control 5.4± 0.4
g 

0.4±0.24
c 

8.6±2.68
d 

0.4±0.4
d 

14.8±1.74
e 

Solvent 4.0± 1.14
g 

0.2±0.2
c 

7.4±2.41
d 

3.0±0.89
c 

14.6±2.11
e 

Para.(single dose of 500 

mg/kg) 
17.6±3.84

c 
0.4±0.4

c 
11.8±1.41

c 
0.6±0.4

d 
30.4±3.66

cd 

Para. (7 doses of 500mg/kg) 24.8±3.89
b 

2.0±0.45
a 

11.4±1.42
c 

10.0±1.34
a 

48.2±3.07
b 

Para. (single dose of 2000 

mg/kg) 
42.4±1.99

a 
1.0±0.32

ab 
10.2±2.30

c 
4.2±0.49

b 
57.8±3.58

a 

Para. (7 dose of 2000 mg/kg) 31.0±6.06
ab 

2.0±0.95
a 

23.8±3.13
b 

9.8±2.18
a 

66.6±5.44
a 

Moringa (200mg/kg) 3.0±1.14
g 

0±0
c 

7.4±1.56
d 

0.6±0.24
d 

11.0±1.82
e 

Moringa then Para. (single 

dose of 500 mg/kg) 
10.0±0.95

e 
0.80±0.49

b 
11.8±2.44

c 
2.2±0.37

c 
24.8±1.43

d 

Moringa then Para. (7 doses 

of 500mg/kg) 
8.8±1.07

ef 
0.2±0.2

c 
21.6±2.46

b 
2.8±0.2

c 
33.4±1.63

c 

Moringa then Para. (single 

dose of 2000 mg/kg) 
17.0±4.51

c 
0.6±0.4

b 
20.8±3.61

b 
2.2±0.86

c 
40.6±2.73

b 

Moringa then Para. (7 dose 

of 2000 mg/kg) 
11.8±1.07

d 
0.4±0.4

c 
35.8±0.88

a 
3.8±0.86

b 
51.8±1.24

b 

Means with different letters (a, b, c, d, e, f and g) between groups in the same column 

are significantly different at P<0.05. Animals in each group (n= 5). Abbrevations: Para. 

means Paracetamol. 

Table (4): Effects of Moringa oleifera as a post-treatment on structural aberrations of 

chromosomes induced by Paracetamol. 

Treatment deletion fragment PCA TCA Total Structural 
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aberration of 

chromosomes 

Control 5.4± 0.4
f 

0.4±0.24
b 

8.6±2.68
e 

0.4±0.4
e 

14.8±1.74
de 

Solvent 4.0± 1.14
f 

0.2±0.2
bc 

7.4±2.41
e 

3.0±0.89
c 

14.6±2.11
e 

Para. (single dose of 500 

mg/kg) 
17.6±3.84

c 
0.4±0.4

b 
11.8±1.41

d 
0.6±0.4

e 
30.4±3.66

c 

Para. (7 doses of 500mg/kg) 24.8±3.89
b 

2.0±0.45
a 

11.4±1.42
d 

10.0±1.34
a 

48.2±3.07
b 

Para. (single dose of 2000 

mg/kg) 
42.4±1.99

a 
1.0±0.32

a 
10.2±2.30

d 
4.2±0.49

b 
57.8±3.58

a 

Para. (7 dose of 2000 mg/kg) 31.0±6.06
ab 

2.0±0.95
a 

23.8±3.13
b 

9.8±2.18
a 

66.6±5.44
a 

Moringa (200mg/kg) 3.0±1.14
f 

0±0
c 

7.4±1.56
e 

0.6±0.24
de 

11.0±1.82
e 

Para. (single dose of 500 

mg/kg) then Moringa 
7.8±1.71

e 
0.4±0.4

b 
18.2±1.30

c 
1.8±0.73

d 
28.2±1.11

cd 

Para. (7 doses of 500mg/kg) 

then Moringa 
9.4±1.03

d 
0±0

c 
23.6±2.72

b 
3.8±1.56

c 
36.8±2.65

c 

Para. (single dose of 2000 

mg/kg) then Moringa 
10.4±2.01

d
 0±0

c 
31.0±3.06

a 
3.0±1.22

c 
44.4±1.12

b 

Para. (7 dose of 2000 mg/kg) 

then Moringa 
14.4±3.26

c 
0±0

c 
28.8±2.68

a 
5.2±1.46

b 
48.4±3.57

b 

Means with different letters (a, b, c, d, e, f and g) between groups in the same column 

are significantly different at P<0.05. Animals in each group (n= 5). Abbrevations: Para. 

means Paracetamol. 

 

(a) (b)  

(c) (d)  
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(e)  (f)  

Fig (a) Normal bone marrow metaphase chromosomes in both structure and number. 

(b) Bone marrow chromosomes in metaphase with deletion in structure. 

(c) Bone marrow chromosomes in metaphase with deletion structure. 

(d) Bone marrow chromosomes in metaphase with partial centromeric attenuation in 

structure. 

(e) Bone marrow chromosomes in metaphase with total centromeric attenuation in 

structure. 

(f) Bone marrow chromosomes in metaphase with fragment in structure. 

 

Tables (5 &6) illustrates the protective effect of Moringa oleifera leaf extract administrated 

orally to mice either before or after Paracetamol; which induce numerical aberrations of 

chromosomes in bone marrow cells of male mice after 24 h. from last treatment as follow 

SLD, 7 LD, SHD and 7 HD showed a significant (P ˂ 0.05) increase (13.8 ± 1.46, 18.4 ± 

0.68, 17.8 ± 0.86 & 24.0 ± 1.38 respectively) compared to control group (8.6 ± 1.69). 

Whereas, animals treated with Moringa oleifera alone showed insignificant change on total 

numerical aberrations of bone marrow chromosomes (7.2 ± 0.37) in compared with control 

group (8.6 ± 1.69) as showed in Tables (5 & 6).There is no significant detected in a group of 

mice treated with Moringa before 500 mg/kg of Paracetamol (10.4 ± 1.47) compared to 

control group (8.6 ± 1.69). Whereas, there is a slight significance detected on groups of mice 

pretreated with Moringa oleifera and Paracetamol 7LD, SHD and 7 HD as follow (15.4 ± 

0.98, 14.2 ± 1.66 and 18.2 ± 1.32 respectively) compared to control group (8.6 ± 1.69) as 

showed in Table (5).Using Moringa oleifera as a post treatment with mice treated with 7 

dose of 500 mg/kg, single dose of 2000 mg/kg and 7 dose of 2000mg/kg showed a significant 

increase on total numerical aberrations of bone marrow chromosomes (14.2 ± 2.06, 16.2 ± 

1.11 & 19.8 ± 0.86 respectively) compared to control group (8.6 ± 1.69) as illustrated in 

Table (6). 
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Table (5): Effect of Moringa oleifera as a pre-treatment on numerical aberrations of 

bone marrow chromosomes induced by Paracetamol.  

Treatment Endomitosis polyploidy Hypo(-2) Hypo(-1) Hyper+1 Hyper+2 

Total 

numerical 

aberration. 

Control 0.4± 0.4
c 

0.2±0.2
cd 

3.6±1.03
c 

3.2±0.92
d 

1.2±0.58
c 

0±0
d 

8.6±1.69
c 

Solvent 3.6±0.75
b 

1.0±0.45
c 

1.0±0.55
c 

0.8±0.58
d 

2.2±0.73
b 

0.2±0.2
c 

8.8±0.49
c 

Para. (single dose of 

500 mg/kg) 
1.0±0.45

b 
1.4±0.24

b 
5.4±1.36

a 
4.4±1.17

bc 
1.2±0.58

c 
0.4±0.24

c 
13.8±1.46

b 

Para. (7 doses of 

500mg/kg) 
7.4±1.12

a 
0.4±0.24

c 
4.0±0.71

b 
3.8±0.8

c 
1.2±0.58

c 
1.6±0.24

ab 
18.4±0.68

a 

Para.(single dose of 

2000 mg/kg) 
5.6±1.72

a 
0.6±0.4

c 
4.0±0.84

b 
6.6±1.29

a 
1.0±0.32

c 
0±0

d 
17.8±0.86

b 

Para. (7 dose of 

2000 mg/kg) 
3.6±0.87

ab 
1.4±0.6

b 
4.2±1.24

a 
9.2±1.62

a 
3.4±0.93

a 
2.2±0.58

a 
24.0±1.38

a 

Moringa(200mg/kg) 0.6±0.4
c 

0.8±0.2
c 

2.4±0.6
c 

3.2±0.86
d 

0.2±0.2
d 

0±0
d 

7.2±0.37
c 

Moringa+ Para. 

(single dose of 500 

mg/kg) 

0.4±0.24
c 

0.8±0.49
c 

2.6±1.21
c 

5.8±0.8
b 

0.8±0.58
cd 

0±0
d 

10.4±1.47
c 

Moringa+ Para. (7 

doses of 500mg/kg) 
2.2±0.8

b 
3.0±0.95

a 
3.4±0.4

c 
4.6±0.68

b 
1.8±0.37

b 
0.4±0.4

c 
15.4±0.98

b 

Moringa + Para. 

(single dose of 2000 

mg/kg) 

1.4±0.4
b 

2.0±0.63
a 

4.8±1.53
a 

2.8±0.66
d 

1.6±0.4
bc 

1.6±0.51
ab 

14.2±1.66
b 

Moringa + Para. (7 

dose of 2000 mg/kg) 
1.4±0.6

b 
2.0±0.63

a 
4.0±0.84

b 
6.4±0.51

b 
2.8±0.92

b 
1.6±0.51

ab 
18.2±1.32

ab 

Means with different letters (a, b, c, d, e, f and g) between groups in the same column 

are significantly different at P<0.05. Animals in each group (n= 5). Abbrevations: Para. 

means Paracetamol. 

 

Table (6): Effects of Moringa oleifera as a post-treatment on numerical aberrations of 

bone marrow chromosomes induced by Paracetamol. 

Treatment Endomitosis. Polyploidy Hypo (-2) Hypo (-1) 
Hyper 

(+1) 

Hyper 

(+2) 

Total 

numerical 

aberrations 

Control 0.4± 0.4
d 

0.2±0.2
c 

3.6±1.03
c 

3.2±0.92
c 

1.2±0.58
c 

0±0
b 

8.6±1.69
d 

Solvent 3.6±0.75
b 

1.0±0.45
b 

1.0±0.55
c 

0.8±0.58
c 

2.2±0.73
b 

0.2±0.2
b 

8.8±0.49
d 

Para.(single dose of 500 mg/kg) 1.0±0.45
c 

1.4±0.24
b 

5.4±1.36
b 

4.4±1.17
b 

1.2±0.58
c 

0.4±0.24
b 

13.8±1.46
c 

Para. (7 doses of 500mg/kg) 7.4±1.12
a 

0.4±0.24
c 

4.0±0.71
b 

3.8±0.8
b 

1.2±0.58
c 

1.6±0.24
a 

18.4±0.68
b 

Para.(single dose of 2000 

mg/kg) 
5.6±1.72

a 
0.6±0.4

c 
4.0±0.84

b 
6.6±1.29

ab 
1.0±0.32

c 
0±0

b 
17.8±0.86

b 

Para.(7 dose of 2000 mg/kg) 3.6±0.87
b 

1.4±0.6
ab 

4.2±1.24
b 

9.2±1.62
a 

3.4±0.93
a 

2.2±0.58
a 

24.0±1.38
a 

Moringa(200mg/kg) 0.6±0.4
d 

0.8±0.2
c 

2.4±0.6
c 

3.2±0.86
c 

0.2±0.2
d 

0±0
b 

7.2±0.37
d 

Para.(single dose of 500 mg/kg) 

+ Moringa 
2.2±0.58

b 
1.4±0.68

a 
3.0±0.95

c 
4.4±1.12

b 
0.6±0.24

d 
0±0

b 
11.6±1.21

d 

Para. (7 doses of 500mg/kg) + 

Moringa 
0±0

d 
1.0±0.63

b 
7.8±1.62

a 
4.2±0.58

b 
1.0±0.55

c 
0.2±0.2

b 
14.2±2.06

c 

Para.(single dose of 2000 

mg/kg) + Moringa 
0.2±0.2

d 
0.6±0.6

c 
7.0±0.55

a 
7.0±1.1

a 
0.8±0.37

c 
0.6±0.4

b 
16.2±1.11

c 

Para.(7 dose of 2000 mg/kg) + 

Moringa 
0.4±0.4

d 
1.6±0.81

a 
7.4±1.17

a 
9.2±1.59

a 
1.0±0.63

c 
0.2±0.2

b 
19.8±0.86

b 

Means with different letters (a, b, c, d, e, f and g) between groups in the same column 

are significantly different at P<0.05. Animals in each group (n= 5). Abbrevations: Para. 

means Paracetamol 
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(g)  (h)  

  

(i)  

(g) Normal bone marrow metaphase chromosomes in structure while it is hypoploidy    

(-1). (h) Endomitosis. (I) Polyploidy. 

 

Morphological sperm abnormality test 

Tables (7 & 8) illustrated the protective effect of Moringa oleifera in reducing the total 

morphological sperm abnormalities. Treatment with Paracetamol at both doses (500 & 2000 

mg/kg) either as a single dose or 7 consecutive doses as follow (44.8 ± 2.29, 55.4 ± 2.29, 54.8 

± 3.34 & 83.6 ± 4.99 respectively) induce the increase in total morphological sperm 

abnormalities as showed in Table (7) compared to control group (13.2 ± 2.27). Also as 

illustrated in Table (7) treatment with Moringa oleifera alone showed a significant decrease 

in total morphological sperm abnormalities (11.6 ± 0.87) comparing to control group (13.2 ± 

2.27).Treatment with Moringa oleifera before Paracetamol (SLD, 7 LD, SHD & 7 HD) 

showing a high significant reduction in total morphological sperm abnormalities (22.8± 0.66, 

32.4 ± 0.87, 35.0 ± 1.1 & 48.0 ± 2.1 respectively) comparing to groups treated with 

Paracetamol (SLD, 7 LD, SHD & 7HD) as follow (44.8 ± 2.29, 55.4 ± 2.29, 54.8 ± 3.34 & 

83.6 ± 4.99 respectively).While treatment with Moringa oleifera after Paracetamol treatment 
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(SLD, 7 LD, SHD & 7 HD) showing a slight significance in reduction of total morphological 

abnormalities of sperm as follow (22.2 ± 1.28, 44.0 ± 2.17, 43.6 ± 2.11 & 53.6 ± 0.81 

respectively) compared to Paracetamol at both doses (500 & 2000 mg/kg) either as a single 

dose or 7 consecutive doses as follow (44.8 ± 2.29, 55.4 ± 2.29, 54.8 ± 3.34 & 83.6 ± 4.99 

respectively)so treatment with Moringa oleifera before Paracetamol is better than after 

Paracetamol. 

 

The abnormality in sperm morphology of Paracetamol treated groups (at 500 and 2000 single 

therapeutic doses) showed a significant (P<0.05) increase (44.8 ± 2.29 and 54.8 ± 3.34 

respectively) compared to control group (13.2 ± 2.27). Whereas, animals treated with 

Moringa oleifera alone showed insignificant changed in sperm morphology (11.6 ± 0.87) in 

compared with the control group (13.2 ± 2.27) as illustrated in Tables (7 &8). There are 

different morphological abnormalities in sperm in both head and tail as a sperm with 

amorphous head that taken different shapes as illustrated in Fig (j), the head without hook as 

showed in Fig (k), the banana and normal of head shape as showed in Fig (l), also 

abnormalities in tail as coiling as showed in Fig (m). 
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Table (7): Effects of Moringa oleifera as a pre-treatment on sperm abnormalities induced by Paracetamol.  

Treatments 

Sperm tail 

abnormalities 
Sperm head abnormalities 

Total sperm abnormalities / 

1000 sperm 

Coiled Amorphous Without-hock Banana Mean ± SE Range 

Control 0.60 ± 0.25
d 

7.0 ± 1.87
d 

4.20 ± 1.80
e 

1.4 ± 0.25
b 

13.20 ± 2.27
f 

8 – 19 

Solvent 0.60 ± 0.40
d 

13.20 ± 1.59
c 

2.8 ± 0.86
e 

1.4 ± 0.25
b 

18.0 ± 2.20
f 

11 – 23 

Para.(single low dose ) 3.0 ± 1.01
c 

24.0 ± 1.87
a 

16.80 ± 1.02
c 

1.0 ± 0.45
b 

44.8 ± 2.29
c 

39 – 52 

Para. (7 low doses) 4.0 ± 0.63
c 

20.40 ± 3.46
b 

28.60 ± 2.36
b 

2.4 ± 0.25
a 

55.40 ± 2.29
b 

51 – 64 

Para.(single high dose) 9.8 ± 2.60
a 

18.40 ± 2.11
b 

24.20 ± 2.42
b 

2.2 ± 0.37
a 

54.80 ± 3.34
b 

46 – 63 

Para.(7 high doses) 12.20 ± 1.39
a 

26.40 ± 3.17
a 

44.00 ± 6.27
a 

1.0 ± 0.78
b 

83.60 ± 4.99
a 

72 – 98 

Moringa(200mg/kg) 0.60 ± 0.25
d 

4.60 ± 1.25
d 

4.80 ± 1.53
e 

1.4 ± 0.51
b 

11.60 ± 0.87
f 

9 – 14 

Moringa+ single low dose 3.80 ± 2.11
c 

9.0 ± 1.14
c 

9.80 ± 1.56
d 

0.2 ± 0.20
c 

22.80 ± 0.66
e 

21 - 25 

Moringa+ 7 low doses 10.20 ± 2.10
a 

12.60 ± 2.06
c 

9.40 ± 1.25
d 

0.2 ± 0.2
c 

32.40 ± 0.87
d 

30 - 35 

Moringa+Single high dose 9.40 ± 3.19
b 

18.80 ± 2.22
b 

6.20 ± 1.24
d 

0.6 ± 0.4
e 

35.0 ± 1.10
d 

32 - 38 

Moringa + 7 high doses 7.60 ± 1.94
b 

21.00 ± 3.15
b 

18.20 ± 3.28
c 

1.2 ± 0.58
b 

48.0 ± 2.10
b 

41 - 54 

Means with different letters (a, b, c, d, e, f and g) between groups in the same column are significantly different at P<0.05. Animals in 

each group (n= 5). Abbrevations: Para. means Paracetamol. 
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Table (8): Effects of Moringa oleifera as a post-treatment on sperm abnormalities induced by Paracetamol. 

Treatments 
Sperm tail abnormalities Sperm head abnormalities Total sperm abnormalities / 1000 sperm 

Coiled Amorphous Without-hock Banana Mean ± SE Range 

Control 0.60 ± 0.25
d 

7.0 ± 1.87
c 

4.20 ± 1.80
e 

1.4 ± 0.25
b 

13.20 ± 2.27
e 

8 – 19 

Solvent 0.60 ± 0.40
d 

13.20 ± 1.59
b 

2.8 ± 0.86
e 

1.4 ± 0.25
b 

18.0 ± 2.20
d 

11 – 23 

Para.(single low dose ) 3.0 ± 1.01
c 

24.0 ± 1.87
a 

16.80 ± 1.02
c 

1.0 ± 0.45
c 

44.8 ± 2.29
c 

39 – 52 

Para. (7 low doses) 4.0 ± 0.63
c 

20.40 ± 3.46
a 

28.60 ± 2.36
b 

2.4 ± 0.25
a 

55.40 ± 2.29
b 

51 – 64 

Para.(single high dose) 9.8 ± 2.60
b 

18.40 ± 2.11
b 

24.20 ± 2.42
b 

2.2 ± 0.37
a 

54.80 ± 3.34
b 

46 – 63 

Para.(7 high doses) 12.20 ± 1.39
a 

26.40 ± 3.17
a 

44.00 ± 6.27
a 

1.0 ± 0.78
c 

83.60 ± 4.99
a 

72 – 98 

Moringa(200mg/kg) 0.60 ± 0.25
d 

4.60 ± 1.25
cd 

4.80 ± 1.53
e 

1.4 ± 0.51
b 

11.60 ± 0.87
e 

9 – 14 

Single low dose + Moringa 3.40 ± 0.68
c 

8.6 ± 0.68
c 

9.2 ± 1.16
d 

1.0 ± 0.45
c 

22.2 ± 1.28
de 

20 – 26 

7 low doses + Moringa 15.60 ± 3.93
a 

11.6 ± 2.38
bc 

14.2 ± 1.16
c 

2.6 ± 0.75
a 

44.0 ± 2.17
c 

38 – 49 

Single high dose+ Moringa 14.0 ± 5.22
a 

13.2 ± 3.81
b 

12.4 ± 3.34
cd 

0 43.6 ± 2.11
c 

39 – 50 

7 high doses+ Moringa 11.6 ± 4.76
ab 

25.8 ± 4.25
a 

16.2 ± 1.24
c 

0 53.6 ± 0.81
b 

52 – 56 

Means with different letters (a, b, c, d, e, f and g) between groups in the same column are significantly different at P<0.05. Animals in 

each group (n= 5). Abbrevations: Para. means Paracetamol. 
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(j)  (k) (l)  

(m)  

Fig (j) amorphous head, Fig (k) the head without hook, Fig (l) the banana and normal of 

head shape, Fig(m) abnormalities in tail as coiling. 

 

DISCUSSION 

From data of the present work, when GSH was measured in animals treated with paracetamol 

treatment at both doses either as a single dose or 7 consecutive doses induced a significant 

(p˂0.05) depletion in the liver GSH content after 24 h. from last treatment when compared to 

the control. The depletion of reduced glutathione due to the formation of reactive metabolites 

is somehow triggers the cascade events of hepatotoxicity.
[31]

 Overdose of paracetamol results 

in the generation of free radicals following the depletion of glutathione.
[31]
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The present results illustrated in Tables (1 & 2) shows that there is a significant increase in 

GSH in liver tissue among moringa oleifera treated mice and control group. Moreover, the 

current data illustrated that moringa oleifera leaf extract pre- or post-treatment to paracetamol 

significantly increased the liver GSH content when compared to paracetamol treated groups 

at both doses (500 & 2000 mg/kg b.wt.) either as a single dose or 7 consecutive doses. These 

results agreed with the results obtained from 
[32]

showed that the administration of 200 and 

800 mg/kg of aqueous ethanol extracts of Moringa oleifera leaves prevented acetaminophen-

induced liver damage as determined by decreases in AST, ALT, and ALP as well as increases 

in hepatic glutathione. Also, Our results were in agreement with results induced by 
[14]

and 

[33]
demonstrated that intraperitoneal administration of hydroethanol extracts of Moringa 

oleifera leaf and flower protected against acetaminophen-induced liver damage. Also the oral 

administration of Moringa oleifera extract to rats resulted in significant improvemen in GSH 

content in liver cells.
[34]

 

 

The extracts increased glutathione levels and increased the levels of the antioxidant enzymes 

superoxide dismutase and catalase. Moringa oleifera has been reported to possess 

antioxidant
[18] 

as the leaves are reported to contain various types of antioxidant compounds 

such as ascorbic acid, flavonoids, phenolic and carotenoids.
[13,20] 

 

In the current study, the possible protective effect of moringa oleifera as a natural antioxidant 

against genotoxicity and cytotoxicity induced by paracetamol has been evaluated. 

Paracetamol is an indirect acting agent as in humans and rodents, cytochrome P4502E1 

(CYP2E1) and CYP1A2 are the major enzymes of Paracetamol bioactivation.
[7,8]

 

 

In the present study, the results of chromosomal aberrations of bone marrow induced after the 

treatment of animals with paracetamol either as a single dose or 7 consecutive doses of both 

doses (500 & 2000 mg/kg b.wt.) exhibited a significant increased of chromosomal 

abnormality in both (structure & number) of bone marrow compared to control group as 

illustrated in Tables (3, 4, 5 & 6). The present study results agreed with the results induced 

by 
[13]

 that Paracetamol treatment induced highly significant increases of all types of 

chromosomal aberrations compared to the control.The most frequent aberrations were 

chromatid deletions, followed by chromatid breaks and fragments. Paracetamol reduces DNA 

synthesis by a specific inhibition of ribonucleotide reductase, including SCE and CA as 

breaks and chromatic exchanges.
[35]
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While there is a significant decreased in total structural aberrations detected in groups of 

animals treated with Moringa oleifera alone comparing to groups treated with Paracetamol as 

showed in Tables (3 & 4). Also there is a significant decreased in total structural aberrations 

of bone marrow chromosomes in groups pre-treated with Moringa oleifera comparing to 

groups treated with Paracetamol alone as illustrated in Table (4).While there is a slight 

decrease in total structural aberrations of bone marrow chromosomes in groups post-treated 

with Moringa oleifera leaf extract as showed in Table (4) compared to groups treated with 

Paracetamol alone. Also from results revealed in Tables (5 & 6), there is a significant 

increased in total numerical aberrations of bone marrow chromosomes detected in groups 

treated with Paracetamol either as a single dose or seven consecutive doses of 500 and 2000 

mg/kg compared to control group).While there is no significant detected in group treated with 

Moringa oleifera comparing to control group.These results agreed with previous studies that 

observed The antimutagenic phytoconstituents of Moringa were minimized of cytotoxicity 

and genotoxicity that induced in mice and rats by exposure of radiation
[36,25]

and the treatment 

with cyclophosphamide and CCL4.
[24,26] 

 

 

Sperm abnormalities in Paracetamol groups might be due to attack of generated ROS to 

polyunsaturated fatty acid residues of phospholipids of cell membrane occurring lipid 

peroxidation (LPO). So the sperms are highly sensitive to oxidative stress because they have 

a high content of polyunsaturated fatty acids in the plasma membrane. Increased LPO and 

altered membrane can damage the sperm DNA causing sperm abnormalities.
[37,38] 

In the 

present study, for improving the mutagenic effect of Paracetamol on the structure of sperms, 

Moringa oleifera aqueous leaf extract was administrated to mice orally as ten consecutive 

doses within 24 hr. interval with a volume of 0.5 ml at 200 mg/ kg either before or after 

Paracetamol treatment. From results showed in Tables (7 & 8) treatment with Moringa 

oleifera before Paracetamol have a significant reduction in the total morphological sperm 

abnormalities comparing to Paracetamol treated groups eiher low doses or high does. The 

present study results proved the results of others before as follow
[39]

 proved that the sperm 

cytoplasm contained very low concentrations of scavenging enzymes therefore an increase in 

the antioxidant enzyme system levels by Moringa treatment can favour the reproductive 

process and also enhances spermatogenesis, as Moringa oleifera leaves are excellent source 

of Vitamin B, Calcium, Protein and Potassium. Beta-carotene and other phytochemicals were 

known powerful antioxidant ability – Kaempferol, Quercetin, Rutin and Caffeoylquinic acids; 

powerful antioxidant vitamins - C, E, A and essential micronutrients with antioxidant activity 
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- Selenium and Zinc as explained by.
[23][40]

 found that methanolic extract of Moringa does not 

affect sexual behaviour or serum androgen level but enhances seminiferous tubules, testis and 

Epididymal weight and seminal vesicles in the male rats. 

 

In conclusion, this study revealed that Moringa has protective effect as natural antioxidant 

against genotoxicity of Paracetamol treatment.  

 

REFERENCES 

1. Larson AM. Acetaminophen hepatotoxicity. Clin. Liver Dis., 2007; 11(3): 525–548. 

2. Kumar G, Banu GS, Pappa PV, Sundararajan M, Pandian MR. Hepatoprotective activity 

of Trianthema portulacastrum L. against paracetamol and thioacetamide intoxication in 

albino rats. J. Ethnopharmacol., 2004; (92): 37–40. 

3. Ahmed MB, Khater MR. Evaluation of the protective potential of Ambrosia maritime 

extract on acetaminophen-induced liver damage. J. Ethnopharmacol., 2001; (75):       

169–174. 

4. Gribble EJ, Sivakumar PV, Ponce RA, Hughes SD. Toxicity as a result of immune-

stimulation by biologics. Expert. Opin. Drug Metab. Toxicol., 2007; 3: 209-234. 

5. Batista-Duharte A, Portuondo D, Pérez O, Carlos IZ. Systemic immunotoxicity reactions 

induced by adjuvanted vaccines. Int Immunopharmacol., 2014; 20: 170-180. 

6. Prescott LF. Kinetics and metabolism of paracetamol and phenacetin. Br. J. Clin. 

Pharmacol., 1980; 10(2): 291S – 8S. 

7. Jeffery EH, Arndt K, Haschek WM. Mechanism of inhibition of hepatic bio-activation of 

paracetamol by dimethyl sulfoxide. Drug Metabol. Drug Interact., 1988; (6): 413-424. 

8. Anundi I, Lahteenmaki T, Rundgren M, Moldeus P, Lindros KO. Zonation of 

acetaminophen metabolism and cytochrome P450 2E1– mediated toxicity studied in 

isolated periportal and perivenous hepatocytes. Biochem. Pharmacol., 1993; (45):     

1251-1259. 

9. Mitchell JR, Jollow DJ, Potter WZ, Gillette JR, Brodie BB. Acetaminophen induced 

hepatic necrosis. IV. Protective role of glutathione. J. Pharmacol. Exp. Ther., 1973; (187): 

211-217. 

10. Wilson JM, Slattery JT, Forte AJ, Nelson SD. Analysis of acetaminophen metabolites in 

urine by high performance liquid chromatography with UV and amperometric detection. 

J. Chromatogr., 1982; (227): 453-462. 



                                                        , 2018. 7Vol 7, Issue                                     www.wjpr.net 

 

 

133 

Hasnaa et al.                                                         World Journal of Pharmaceutical Research 

11. Moore M, Thor H, Moore G, Nelson SD, Moldeus P, Orrenius S. The toxicity of 

acetaminophen and N-acetyl-p-benzoquinone imine in isolated hepatocytes is associated 

with thiol depletion and increased cytosolic Ca21. J. Biol. Chem., 1985; (260):        

13035-13040. 

12. Ostapowicz G, Fontana RJ, Schiodt FV, Larson A, Davern TJ, Han SH. Results of a 

prospective study of acute liver failure at 17 tertiary care centers in the United States. 

Ann. Intern. Med., 2002; (137): 947–954. 

13. Giri AK, Sivam SS, Khan KA. Sister-chromatid exchange and chromosome aberrations 

induced by paracetamol in vivo in bone marrow cells of mice. Sci. Direct, 1992; 278(4): 

253-258. 

14. Fakurazi S, Sharifudin, SA, Arulselvan P. Moringa oleifera hydroethanolic extracts 

effecively alleviate acetaminophen-induced hepatotoxicity in experimental rats through 

their antioxidant nature. Molecules, 2012; 17: 8334-8350. 

15. Khalafalla MM, Abdellatef E, Dafalla HM, Nassrallah AA, Aboul-Enein KM, Lightfoot 

DA, El-Deeb FE, El-Shemy HA. Active principle from Moringa oleifera Lam leaves 

effective against two leukemias and a hepatocarcinoma. African Journal of 

Biotechnology, 2010; 9(49): 8467-8471. 

16. Tiloke C, Phulukdaree A, Chuturgoon A. The antiproliferative effect of crude aqueous 

leaf extract on cancerous human alveolar epithelial cells. BMC Complement. Altern. 

Med., 2013; 16: 226. 

17. Lee HJ, Jeong YJ, Lee TS, Park YY, Chae WG. Moringa fruit inhibits LPSinduced 

NO/iNOS expression through suppressing the NF-κB activation in RAW264.7 cells. Am. 

J. Chin. Med., 2013; 41: 1109-1123. 

18. Hamza AA. Ameliorative effects of Moringa oleifera Lam seed extract on liver fibrosis in 

rats. Fd. Chem. Toxicol., 2010; 48: 345-355. 

19. Alhakmani F, Kumar S, Khan SA. Estimation of total phenolic content, in–vitro 

antioxidant and anti–inflammatory activity of flowers of Moringa oleifera. Asian Pac. J. 

Trop. Biomed., 2013; 3: 623–627. 

20. Vongsak B, Sithisam P, Gritsanapan W. Simultaneous HPLC quantitative analysis of 

active compounds in leaves of Moringa oleifera Lam. J. Chromatogr. Sci., 2014; 52:   

641–645. 

21. Fuglie LJ. The miracle tree: Moringa oleifera. Natural Nutrition for the Tropics. Church 

World Service, Dakar. 68. Revised in 2001 and published as The Miracle Tree: The 

Multiple attributes of Moringa. 1999. Pg.172.  



                                                        , 2018. 7Vol 7, Issue                                     www.wjpr.net 

 

 

134 

Hasnaa et al.                                                         World Journal of Pharmaceutical Research 

http://www.echotech.org/bookstore/advanced search result.php?keywords=miracle+Tree. 

22. Jaiswal D, Kumar RP, Kumar A, Mehta S, Watal G. Effect of Moringa oleifera lam. 

leaves aqueous extract therapy on hyperglycemic rats. J. Ethnopharmacol., 2009; 123(3): 

392-396. 

23. Vongsak B, Sithisarn P, Gritsanapan W. Simultaneous HPLC Quantitative Analysis of 

Active Compounds in Leaves of Moringa oleifera Lam. J Chromatogr. Sci., 2013. 

24. Sathya T, Aadarsh P, Deepa V, Balakrishna MP. Moringa oleifera Lam. leaves prevent 

cyclophosphamide-induced micronucleus and DNA damage in mice. Int. J. Phytomed., 

2010; 2(1): 147-154. 

25. Eshak MG, Osman HF. Role of Moringa oleifera Leaves on Biochemical and Genetical 

Alterations in Irradiated Male Rats. Middle-East Journal of Scientific Research, 2013; 

16(10): 1303-1315.  

26. Radwan AH, Ghaly SI, Farag MI, Ezzo MI. Protective and therapeutic effect of Moringa 

oleifera leaf extract on DNA damage, cytogenetic changes, sperm abnormalities and high 

level of MDA induced by c cl2 in rats. Research J. Pharmaceutical, Biological and 

Chemical sciences, 2015; 6(1): 1061- 1079. 

27. Ellman GL.Tissue sulfahydryl groups. Arch. Biochem. Biophys., 1959; 82: 70-77.  

28. Adams JD, Lauterburg BH, Mitchell, JR. Plasma glutathione and glutathione disulfide in 

the rat: regulation and response to oxidative stress. J. Pharmacol. Exp. Ther., 1983; 227: 

749–754. 

29. Yosida TH, Tsuchiya K, Mosinaki K. Frequency of chromosome polymorphism in Rattus 

rattus collected in Japan. Chromosoma., 1971; 33(1): 30-40. 

30. Muralidhara, Narasimhamurthy K. Assessment of in vivo mutagenic potency of 

ethylenediamine tetra acetic acid in albino mice. Food Chem. Toxicol., 1991; 29:       

845–849.  

31. Jaeschke H, Bajt ML. Intracellular signaling mechanisms of acetaminophen induced liver 

cell death. Toxicol. Sci., 2006; 89(1): 31–41. 

32. Fakurazi S, Hairuszah I, Nathini U. Moringa oleifera Lam prevents acetaminophen 

induced liver injury through restoration of glutathione level. Food Chem. Toxicol., 2008; 

46: 2611–2615. 

33. Uma N, Fakurazi S, Hairuszah I. Moringa oleifera enhances liver antioxidant status via 

elevation of the antioxidant enzyme activity and counteracts paracetamol-induced 

hepatotoxicity. Malays J. Nutr., 2010; 16: 293–307. 

http://www.echotech.org/bookstore/advanced


                                                        , 2018. 7Vol 7, Issue                                     www.wjpr.net 

 

 

135 

Hasnaa et al.                                                         World Journal of Pharmaceutical Research 

34. El-bakry K, Toson E, Serag M, Aboser M. Hepatoprotective effect of Moringa oleifera 

leaves extract against carbon tetrachloride- induced liver damage in rats. World J. of 

Pharmacy and pharmaceutical sciences, 2016; 5(5): 76- 89. 

35. Hongslo J, Bjorge C, Schwarze P, Brogger A, Mann G, Theland L, Holme J. Paracetamol 

Inhibits Replicative DNA Synthesis and Induced sister Chromatid Exchange and 

Chromosomal Aberration by Inhibition of Ribonucleotide Reeducates. Mutagenesis, 

1990; 5(5): 475-480. 

36. Rao AV, Devi PU, Kamath R. In vivo radioprotective effect of Moringa oleifera leaves. 

Indian J Exp. Biol., 2001; 39: 858–863. 

37. Tramer MR, Moore RA, Carroll D, Wiffen PJ, Mc Quay HJ. Quantitative systematic 

review of topically applied non-steroidal anti-inflammatory drugs. BMJ., 1998; 

316(7128): 333-338. 

38. Sanchez RN, Spomdly E, Ledin I. Effect of feeding different levels of foliage of Moringa 

oleifera to creole dairy cows on intake, digestibility, milk production and composition. 

Livest. Sci., 2006; 101(1/3): 24-31. 

39. D’cruz, Mathur. Effect of piperine on the epididymis of adult male rats. Asian J. Androl., 

2005; 7(4): 363-368.  

40. Sudha P, Asdaq SM, Dhmingi SS, Chandrakala GK. Immunomodulatory activity of 

methanolic leaf extract of Moringa oleifera in animals. Indian J. Physiol. Pharmacol., 

2010; 54(2): 133-140. 


