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Aflatoxin B1 (AFB1) was revealed to have potent mutagenicity and carcinogenicity. The consumption of 
nutritional products contaminated with AFB1 and inducing of genotoxicity and hepatocellular carcinoma 
have received widespread attention. The present study was aimed to investigate whether Moringa 
oleifera leaf extract (MOLE) can suppress AFB1-induced genotoxicity, haematoxicity and carcinogenicity 
in rats. Our results proved that MOLE that used as a protective or a therapeutic agent could minimize a 
certain degree of AFB1-induced toxicity. Where, MOLE could relieve the formation of DNA damage using 
comet assay and ISSR-PCR analyses, inhibit the over-expression of p53 gene using RT-PCR, enhance 
the rates of haematological constituents, and mitigate the massive damage in hepatic and renal tissues 
including dysplastic nodules that were diagnosed by H&E stain and immunohistochemical marker 
through p53 stain. The utilization of MOLE as a therapeutic agent especially the treatment with the 
highest dose (4.7 gm/kg) gave the best results, in which the genetical, haematological and histological 
changes were restored towards normal level or natural status. In conclusion, the present findings give a 
new insight into the therapeutic role of MOLE in alleviating AFB1-induced genotoxicity, haematoxicity 
and hepato and renal toxicity in rats, demonstrating the ability of such medicinal plant for mitigating the 
deleterious effects of AFB1. 
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INTRODUCTION 
Aflatoxin B1 (AFB1) is considered to be a major 
class of mycotoxin that was found to be produced 
by filamentous fungi especially strain of 
Aspergillus flavus and Aspergillus parasiticus in 
feed stuffs (Hussain et al., 2010). AFB1 was 
extensively found to be carcinogenic, mutagenic, 
teratogenic and immune-suppressive agent in 
human and animals (Brahmi et al., 2011). This 

toxin was revealed to be responsible for inducing 
DNA damage by metabolic conversion of its exo-
8,9-epoxide of cytochrome P450 that react with 
guanine residue causing GC to TA transversion 
and forming AFB1-N7-Guanine adducts (McLean 
and Dutton, 1995). Specificity and frequency of 
AFB1-Induced mutation of guanine residue were 
defined by methylation of CpG sites and 
immediate adjoining nucleotide of the central 

http://www.isisn.org/
mailto:dalia_hemdan@yahoo.com


Aboelhassan et al.,                                                                         Effects of Moringa oleifera on carcinogenic AFB1 

 

    Bioscience Research, 2018 volume 15(2): 814-833                                                             815 

 

guanine (Tong et al., 2006). AFB1 is commonly 
known as a strong carcinogen that induces 
hepatocellular carcinoma (HCC) (Raju and 
Devegowda, 2000). The inducing of HCC has 
been represented as a major reason of mortality 
in different regions of the world. Food 
contamination with AFB1 has been implicated as 
an etiological factor in this subject (Tingting et al., 
2015). The harbors mutation in the p53 tumor 
suppressor gene due to AFB1 treatment are 
considered to be a major cause for inducing HCC, 
in which G >T transversion in the third position of 
codon 249 (AGG) producing the replacement of 
arginine by serine (Smela et al., 2001). The p53 
protein was found to act as a transcription factor 
with important role in regulating cell cycle 
progression and activation of DNA repair in the 
condition of oxidative stress. However, the 
inducing of overexpression of p53 gene had been 
observed in these abnormal conditions and the 
alterations of gene expression of such gene were 
found to be the most common mutation in human 
cancer (Smith et al., 2003). Oxidative stress might 
be induced by generating the intracellular reactive 
oxygen species (ROSs) during metabolic process 
of AFB1 in liver. These radicals can bind with DNA 
constituents and attack the other endogenous 
biological components such lipid and protein 
causing DNA damage, genotoxicity and 
impairment the different metabolic pathways in the 
living cells (Theumera et al., 2010; Yang et al., 
2016) and consequently lead to genomic 
instability including the alteration of gene 
expression of p53 gene (Mace et al., 1997). On 
the other hand, haematological parameters have 
been revealed to be altered as a result of 
aflatoxicosis, which evolve before clinical 
symptoms (Arawind et al., 2003; Dönmez and 
Keskin, 2008) and can help in diagnosis of 
toxicities (Basmacioglu et al., 2005; Dönmez and 
Keskin, 2009). Hemoglobin, erythrocyte, WBC, 
and other blood constituents in AFB1 treatments 
were observed to be altered in their levels (or 
counts) and functions leading to normocytic 
normochromic anaemia, monocytopenia and 
lymphocytopenia (Abdel-Wahhab et al., 2002; 
Basmacioglu et al., 2005). Also, aflatoxins 
consumption via contaminated food induces a lot 
of injuries in different organs and tissues, 
immune-suppression, delteriorates lipid, 
carbohydrate and protein metabolism, decreases 
in growth rate and increases in death rate for 
human and animals, which lead to serious 
economical losses (Dönmez et al., 2012). 
Meanwhile, metabolism of AFB1 in liver play a 

dangerous role in production of free radicals, lipid 
peroxidation and cell damage (Surai et al., 2002; 
Theumer et al., 2003; Dönmez et al., 2012). 
Moreover, severe aflatoxicosis involves 
haemorrhagic necrosis of liver, edema, bile duct 
proliferation and lethargy that give rise to direct 
liver damage (Yaman et al., 2016). Although AFB1 
had been found to be a main carcinogen for 
implicating in hepatocellular carcinoma, kidney 
damage in affected areas has revealed its 
presence in a lot of cases (Darwish et al., 2011).  
The drumstick tree Moringa oleifera Lam was 
found to be the major species of the family of 
Moringaceae. This species is extensively 
cultivated in different regions of the world 
especially in tropical and subtropical countries 
(Bennett et al., 2003). From the various parts of 
this plant especially leaves a lot of phytochemicals 
had been extracted. The extracts of Moringa 
oleifera leaves are rich source of vitamins, amino 
acids, carotenoids, flavonoids, kaenpherol, 
isothiocyanates, niazimicin, glucosinolates, 
minerals and sterols (Anwar et al., 2007; Sathya 
et al., 2010; Khalafalla et al., 2010; Fakurazi et al., 
2012) which responsible for powerful antioxidant 
action in vivo (Verma et al., 2009; Sreelatha and 
Padma, 2011). The constituents of niazimicin and 
isothiocyanates were found to have strong 
inhibition against cancer in different mammalian 
cells (Fahey et al., 2004). Also, Bharali et al., 
(2003) found that niazimicin played an important 
role against skin tumors in mice. On the other 
hand, Siddhuraju et al., (2003) and Fakurazi et al., 
(2012) reported that Moringa oleifera leaf extract 
(MOLE) has been utilized for treatment of 
infectious diseases, cardiovascular inflammation 
and gastrointestinal as well as for treatment of 
hepatorenal and hemotological disorders. 
Moreover, several leave extracts (methanolic, 
ethanolic and aqueous extracts) have different 
therapeutic or protective effects against various 
abnormal conditions, where pre-treatment with 
methanolic extract suppressed radiation-induced 
micronuclei and chromosomal aberrations (Rao et 
al., 2001) Ethanolic extract showed antigenotoxic 
phytoconstituents in mice and protected hepatic 
tissue from tissue damage induced by 
antitubercular drugs (Chuang et al., 2007; 
Nepolean et al., 2009; Sathya et al., 2010). 
Aqueous extract possessed reduction of genetic 
alterations like DNA damage and micronuclei in 
irradiated rats by gamma irradiation (Eshak and 
Osman, 2013).  
So, the present study was aimed to investigate 
whether, Moringa oleifera leaf extract (MOLE) can 
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inhibit AFB1-induced genotoxicity, haematoxicity 
and hepatic and renal lesions in rats. The MOLE 
was used as a protective or a therapeutic agent. 
The genetic analyses included DNA comet assay, 
ISSR-PCR analysis and RT-PCR for 
measurement the expression of p53 gene. The 
haematological investigation involved the 
evaluation of Hb level and RBC and WBC counts. 
The histological examinations on liver and kidney 
tissues were done by using H&E stain and 
immunohistochemical marker through p53 stain. 

 
MATERIALS AND METHODS 

Chemicals: 

Aflatoxin B1 (AFB1): 
Aflatoxin B1 as a powder state and solvent of 
DMSO (Art Nr. 7029.1; 98% by GLC) were 
purchased from Sigma-Aldrich. 5mg of AFB1 were 
dissolved in 250 ml of DMSO solvent (Dixon et al., 
1960). 
Ethanolic extract of MOL was prepared according 
to Ugwu et al., (2013) as follows: The fresh leaves 
of Moringa oleifera plant were picked from trees 
grown on sand in El-Sharkia governorate, Egypt. 
The leaves were washed thoroughly with distilled 
water and dried under room temperature at (29

o
C-

35
o
C) for three weeks, after which the leaves were 

pulverized into coarse form with acrestor high 
speed milling machine. The coarse form (1000 g) 
was then macerated in absolute ethanol. This was 
left to stand for 48h. After that the extract was 
filtered through muslin cloth on a plug of glass 
wool in a glass column. The resulting ethanol 
extract was concentrated and evaporated to 
dryness using rotary evaporator at optimum 
temperature between 40

o
 and 45

o
C to avoid 

denaturation of the active ingredients. The 
concentrated extract was diluted to 1000 ml using 
a polysaccharide as a carrier and stored in the 
refrigerator.  

Experimental animals: 
Male albino rats of Sprague-Dawley strain 
weighing 120-150 g were obtained from the 
animal house, National Research Centre, Egypt. 
Animals were housed in an ambient temperature 
of 25 ± 3.2°C on light/dark cycle of 12/12 hours. 
All rats were kept in clean polyprophylene cages 
and administered food and water ad libitum. All 
experimental procedures involving animals were 
conducted in accordance to the ethical guidelines 
of the Medical Ethical Committee of the National 
Research Centre in Egypt (IAEC. 2010).    

Experimental design: 
A total of 72 rats were used and divided into 9 
equal groups (G):  
G1 (control group): received (i.p.) saline at dose 
of 0.7 gm/kg.b.wt. (about 4 times each week for 
one month). 
G2 (DMSO group): received (i.p.) DMSO at dose 
of 0.7 gm/kg.b.wt. (about 4 times each week for 
one month). 
G3 (AFB1 group): received (i.p.) AFB1 in DMSO 
(5 mg of AFB1 were in 250 ml of DMSO) at dose 
of 0.7 gm/kg.b.wt. (about 4 times each week for 
one month). 
G4-6 (AFB1 + MOLE (3.3 gm/kg), AFB1 + MOLE 
(4.0 gm/kg) and AFB1 + MOLE (4.7 gm/kg) 
groups): received (i.p.) AFB1 in DMSO at the 
same dose and way previously mentioned and for 
the same period. Starting on the first day of AFB1 
administration, rats in 4-6 groups were treated 
(orally) daily for one month with MOLE (3.3 gm/kg, 
4.0 gm/kg and 4.7 gm/kg, respectively) of the 
crude material that are equivalent to (561, 680 
and 799 mg), respectively of the extract, as each 
gram of the crude material yields contains 170 mg 
of the extract. These groups (4-6) used to 
evaluate the protective role of MOLE against 
AFB1. 
G7-9 (AFB1 then MOLE (3.3 gm/kg, AFB1 then 

MOLE (4.0 gm/kg) and AFB1 then MOLE (4.7 
gm/kg) groups): received (i.p.) AFB1 in DMSO in 
the same dose and way previously mentioned and 
for the same period, then the groups were treated 
with MOLE (3.3 gm/kg, 4.0 gm/kg and 4.7 gm/kg, 
respectively) for 15 days. These groups (7-9) 
were used to evaluate the therapeutic effect of 
MOLE against AFB1.  

Comet assay: 
Peripheral blood lymphocytes were isolated by 
centrifugation (15 min, 280 g) in a density gradient 
of Gradisol L (Aqua Medica, Lodz, Poland). The 
concentration of the cells was adjusted to (1-3) x 
105 cells/ml by adding RPMI 1640 without 
glutamine to the single cell suspension. A freshly 
prepared suspension of cells in 0.75% low melting 
point agarose (Sigma Chemicals) dissolved in 
phosphate buffer saline (PBS; Sigma chemicals) 
was cast on to microscope slides precoated with 
0.5% normal melting agrose. The cells were then 
lysed for 1h at 4°C in a buffer consisting of 2.5 M 
NaCl, 100 mM EDTA, 1% Triton X-100 and 10 
mM Tris, pH 10. After the lysis, DNA was allowed 
to unwind for 40 min in electrophoretic solution 
consisting of 300 
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mM NaOH, 1mM EDTA, pH>13. Electrophoresis 
was conducted at 4°C for 30 min at electric field 
strength 0.73 V/cm (30mA). The slides were then 
neutralized with 0.4 M Tris, pH 7.5, stained with 2 
ug/ml ethidium bromide (Sigma Chemicals) and 
covered with cover slips. The slides were 
examined at 200 x magnification fluorescence 
microscope (Nikon Tokyo, Japan) connected to a 
COHU 4910 video camera (Cohu, Inc., SanDiego, 
CA, USA) equipped with a UV filter block 
consisting an excitation filter (359 nm) and barrier 
filter (461nm) and connected to a personal 
computer-based image analysis system, Lucia-
Comet v. 4.51. Fifty images were randomly 
selected from each sample and the comet tial 
DNA was measured. Endogenous DNA damage 
was measured as the mean comet tail DNA of 
peripheral blood lymphocytes of nine rat groups (8 
rats each). The number of cells scored for each 
animal was 100 (Blasiak et al., 2004). 

DNA extraction:  
Rat's genomic DNA was isolated from the kidney 
tissues of the tested animals according to the 
method of Sharma et al. (2000). The 
concentration of DNA and its relative purity were 
determined using a spectrophotometer based on 
absorbance at 260 and 280 nm respectively. The 
integrity of extracted genomic DNA was checked 
by electrophoresis in 0.8% agarose gel using DNA 
molecular weight marker (Eurblio, Paris, France).  

ISSR-PCR and electrophoresis: 
Inter Simple Sequence Repeat (ISSR) analysis 
was performed in kidney tissues of male rats 
using ISSR primer that were procured from 
Integrated DNA Technologies Inc. (San Diego, 
CA, USA), based on core repeats anchored at the 
5’ or 3’ end as shown in Table 1. 
 
Table 1: Primer used for ISSR-PCR 
amplification  

ISSR names Primer sequences 

HB-10 5'-GAG AGA GAG AGA CC- '3 

 
 Amplification reactions for ISSR analysis were 
used in a final volume of 25 µl containing 10 X 
PCR buffer (50 mM KCl, 10 mM Tris-HCl, 1.5 mM 
MgCl , pH 9.0), 2 mM dNTPs, 10 mM primer, 50 
ng of template DNA and 0.5 U of Taq Polymerase 
(Promega, USA). Reactions were performed in a 
thermocycler (Biometra, GmbH). ISSR 
amplification was performed according to 
Zietkiewicz et al., (1994) with an initial 
denaturation of 2 min. at 94°C  followed  by 40 

cycles  of 94°C for 30 sec., annealing at 52°C for 
45 sec., extension at 72°C for 2 min. 

Gene expression analysis 

Extraction of total RNA and cDNA synthesis: 
Liver tissues of male rats were used to extract the 
total RNA using TRIzol® Reagent (Invitrogen, 
Germany) Kit. The isolation method was carried 
out according to the manufacturer’s instructions of 
the above Kit. Approximately 50 mg of the liver 
tissues were mixed with some drops of liquid 
nitrogen and homogenized in 1 ml of TRIzol® 
Reagent in autoclaved mortar. Afterwards, total 
RNA was dissolved and preserved in 
diethylpyrocarbonate (DEPC)-treated water up to 
use. To assess the RNA yield and purity of the 
total RNA, RNAse-free DNAse I (Invitrogen, 
Germany) was used to digest DNA contamination. 
A small drop of isolated RNA was examined 
spectrophotometrically at 260 nm. The purity of 
total RNA was determined between 1.8 and 2.1 to 
be good purified when it examined by 
spectrophotometer at the 260/280 nm ratio. To 
avoid RNA damaging, aliquots of RNA were 
prepared after isolation for either reverse 
transcription reaction or otherwise for storing at -
80°C up to use. To synthesize the complementary 
DNA (cDNA) isolated RNA from liver tissues was 
reverse transcribed into cDNA. The reaction 
volume was carried out in 20 µl. The reaction 
volume was prepared according to the instructions 
of the RevertAidTM First Strand cDNA Synthesis 
Kit (MBI Fermentas, Germany). The reverse 
transcription (RT) reaction was performed for 10 
min at 25°C. Afterwards, the tubes of the reaction 
were put in thermo-cycler machine for 60 min at 
42°C, and then the reaction was terminated for 5 
min at 99°C. The PCR products containing the 
cDNA were kept at - 20°C up to use for DNA 
amplification (Khalil et al., 2011; El-Baz et al., 
2015). Primer sequence of the p53 gene is listed 
in Table 2 (Klopfleisch and Gruber, 2009). 

Quantitative Real Time-PCR (qRT-PCR): 
A Step One Real-Time PCR System (Applied 
Biosystem, USA) was used to assess the copy of 
the cDNA of male rats to detect the expression 
values of the tested gene p53. To perform the 

PCR reaction, a volume of 25 L of reaction 

mixtures was prepared containing 12.5 l of 

SYBR® green (TaKaRa, Biotech. Co. Ltd.), 0.5 l 

of 0.2 M forward and reverse primers, 6.5 L 

DNA-RNA free water, and 2.5 l of the 
synthesized cDNA. 
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Table 2: Primer used for qRT-PCR amplification 

Gene Primer sequences (5'-----3') 

p53 F-GCA AAA GAA GAA GCC ACT A R-TCC ACT CTG GGC ATC CTT 

-actin F-CTC CTT AAT GTC ACG CAC GAT TTC R-GTG GGG CGC CCC AGG CACCA 

 
The cDNA was propagated using reaction 
program consisted of 3 steps. In the first step the 
PCR tubes was incubated at 95°C for 3 min. 
 In the second step the reaction program 
consisted of 50 cycles. Each cycle of them 
consisted of 3 sub-steps: (a) 15 sec at 95°C; (b) 
30 sec at 60°C; and (c) 30 sec at 72°C. In the 
third step the reaction program consisted of 71 
cycles. The first cycle of them started at 60°C for 
10 sec and then the followed cycles increased 
about 0.5°C every 10 sec up to 95.0°C. A melting 
curve of the reaction was performed for each 
qRT-PCR termination at 95.0°C to assess the 
quality of the primers. To verify that the reaction of 
the qRT-PCR does not have any contamination 
PCR tubes containing non-template control were 
used. The relative quantification of the target 
genes to the reference (β-actin) was determined 
by using the 2−ΔΔCT method. 

Heamatological measurments: 
Blood samples were collected from retro-orital of 
the experimental rats in capillary tubes coated 
with ethylene diamine tetra-acetic acid (EDTA). 
The tubes were immediately capped, kept at -4°C 
and were immediately analyzed for blood 
parameters using automated coagulating Sysmex 
apparatus of the type 8999. The haematological 
parameters included: hemoglobin (Hb) level (g/dl), 
red blood cells count (RBCs) and white blood cells 
count (WBCs) in cells/cu.mm were analyzed 
according to methods of Merghani (2010). 

Histological studies: 
The liver and kidney of different groups were 
removed and fixed in 10% formaline, embedded in 
paraffin blocks then two sections 4um thick were 
cut from each block, one section was stained by 
hematoxylin and eosin (H&E) for histopathological 
diagnosis, the other section were mounted on 
positively charged glass slide for 
immunohistochemical staining (p53) and 
investigated by light microscope, images were 
captured and processed using Adobe Photoshop 
version 8.0 (Drury and Walligton, 1980). 

Statistical analysis: 
Data of DNA damage were analyzed using 
STATISTICA (Stat Soft, Tulsa, OK, USA) 
statistical package. All data of gene expression 
were analyzed using the General Liner Models  
 (GLM) procedure of Statistical Analysis System 
(Cary, 1982) followed by Scheffé-test to assess 
significant differences between groups. The 
values are expressed as mean±SEM. All 
statements of significance were based on 
probability of (P≤ 0.05). Statistical analyses for 
biochemical parameters were performed by one 
way ANOVA followed by Tuckey's test or by two-
way ANOVA followed by Bonferroni's test 
comparing all group. Analysis was conducted with 
Graph Pad Prism software V. 5.0.3 (Inc., San 
Diego, CA, USA). The significance of the 
differences among treatment groups was 
determined (Waller and Duncan, 1969). All 
statements of significance were based on 
probability of (P ≤ 0.05). 
 
RESULTS  

Genetic analyses: 

Comet Assay analysis: 
In the obtained results, the male rats treated 

with AFB1 exhibited significant increase in DNA 
damage in comparison with the control group. On 
the other hand, the protective treatment with 
moringa leave ethanolic extracts showed 
decrease in the proportion of DNA damage, which 
induced by AFB1. The damage decreased by 
increasing the level of Moringa extract dose, 
where the statistical analysis displayed slight 
reduce in the DNA damage using low dose 
(3.3gm/kg), whereas the damage significantly (P ≤ 
0.05) minimized using medium dose 4.0 gm/kg. 
Moreover, the high dose of moringa 4.7 gm/kg 
improved the genetic material and lowered the 
damage rate comparable with low doses of 
moringa extract (Fig. 1). Usage of moringa extract 
as a therapeutic agent led to the best results in 
improving the DNA damage. Dose 3.3 gm/kg 
insignificantly decreased the DNA damage 
produced by AFB1. While, genetic abnormality 
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was significantly reduced by dose 4.0 gm/kg. The 
highest dose 4.7 gm/kg of moringa showed 
significant reduction of DNA damage than the 
lower doses of moringa extract (Table 3). 

 
 
 

 

 
 
Fig. 1: Comet Assay of DNA analysis to assess the protective and therapeutic effects of Moringa 
oleifera leave extract (MOLE) against AFB1. Slide a: control group. Slide b: DMSO. Slide c: AFB1. 
Slide d: AFB1+ low dose of MOLE. Slide e: AFB1+ Medium dose of MOLE. Slide f: AFB1+ High dose 
of MOLE. Slide g: AFB1 then low dose of MOLE.  Slide h: AFB1 then medium dose of MOLE. Slide i: 
AFB1 then high dose of MOLE. 
 
Table 3: DNA comet assay in AFB1, effect of moringa extract (MOLE) as a protective and 
Therapeutic agents on intoxicated rats 
 

Treatment No. of animals DNA damage (comet assay) % 

G1 8 7.5±1015 

G2 8 19.6±6.0 

G3 8 94.6±0.33 

G4 8 86.6±4.70 

G5 8 82.6±8.50 

G6 8 78.3±10.68 

G7 8 38.6±7.23 

G8 8 34.3±11.20 

G9 8 28.6±6.17 

All data are expressed as mean±SEM, (P≤0.05). 
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Fig. 2: ISSR amplified PCR products using the ISSR primer; HB-10 to assess the protective and 
therapeutic effects of Moringa oleifera (MO) against Aflatoxin in the kidney tissues of male rats. 
Lane M= DNA Marker. Lane 1= Control. Lane 2= Solvent (DMSO). Lane 3= AFB1. Lane 4= AFB1+ 
low dose of MOLE. Lane 5= AFB1+ Medium dose of MOLE. Lane 6= AFB1+ High dose of MOLE. 
Lane 7= AFB1 then low dose of MOLE.  Lane 8= AFB1 then medium dose of MOLE. Lane 9= AFB1 
then high dose of MOLE. 
 

ISSR-PCR analysis:  
ISSR-PCR analysis was performed using 

HB10-ISSR primer on rat kidney tissue to 
evaluate the genotoxic influence of AFB1 and the 
protective and therapeutic effects of Moringa 
oleifera ethanolic leave extract versus AFB1-
induced genetic toxicity in male rats (Fig. 2).  The 
treatment of male rats with AFB1 showed increase 
in DNA fragments compared with control rats, on 
contrast, the protective treatment of male rats with 
various doses of Moringa oleifera plus AFB1 
decreased the number of DNA fragments, which 
was clearly shown in the group of rats treated with 
the high dose of Moringa oleifera plus AFB1 than 
those treated with low dose of Moringa oleifera 
plus AFB1. However, in therapeutic treatments, 
DNA fragmentations were more decreased than 
those observed in protection treatments. The 
reduction of DNA fragmentations was relatively 
similar in the treatment with low and medium 
therapeutic doses. Moreover, the treatment with 
high therapeutic dose gave the best results, 
where the DNA fragmentations were clearly 
minimized than those occurred in other doses of 
protection and therapeutic treatments (Table 4). 

Gene Expression analysis: 
The expression of p53 gene was verified 

using quantitative RT-PCR in male rat liver tissue 

for the treatment with AFB1. The effect of different 
doses of MOLE as a protective or therapeutic 
agent on the expression of p53 gene was also 
examined. The gene p53 expression was 
detected successfully in all liver tissue within all 
treated groups and normalized with the 
expression of the housekeeping β-actin gene (Fig. 
3). The group treated with AFB1 revealed 
significantly higher (P < 0.001) expression of p53 
mRNA in the liver tissues than the control group. 
Whilst, the treatment with MOLE (as a protective 
or therapeutic agent) inhibited the up-regulation of 
the gene expression produced from AFB1 
treatment. The using MOLE as a therapeutic 
agent induced the best results, low dose (3.3 
gm/kg) of moringa extract which given as a 
protective agent with AFB1 showed slight 
decrease in overexpression of p53 gene, in 
contrast to the medium or high dose (4.0 gm/kg or 
4.7 gm/kg) of moringa extract, the expression of 
p53 gene significantly down-regulated (P ≤ 0.05) 
than that induced in AFB1 group, the highest dose 
caused more reduction of overexpression of such 
gene. The therapeutic effect of moringa extract 
down-regulated the overexpression of p53 gene 
occurred by AFB1 in a dose dependent manner 
(Fig. 3). This effect increased by increasing the 
dose of moringa extract, where the expression of 
p53 gene in highest dose 4.7 gm/kg relatively 
recovered its normal expression comparable with 
the control group. 
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Fig. 3: Expression of p53 gene in the liver tissues of male rats treated with Moringa oleifera leave 
extract (MOLE) against AFB1 determined by quantitative RT-PCR. M= DNA Marker. Lane 1= 
Control. Lane 2= Solvent (DMSO). Lane 3= AFB1. Lane 4= AFB1+ low dose of MOLE. Lane 5= 
AFB1+ Medium dose of MOLE. Lane 6= AFB1+ High dose of MOLE. Lane 7= AFB1 then low dose of 
MOLE.  Lane 8= AFB1 then medium dose of MOLE. Lane 9= AFB1 then high dose of MOLE. 
 

Table 4: ISSR analysis using HB-10 marker in kidney tissues of male rats received Moringa 
oleifera leave extract (MOLE) as a protective or therapeutic agent against AFB1 

Band 

No. 

Marker (bp) MW G1  

(Control) 

G2  

(DMSO) 

G3  

(AFB
1

) 

G4 

(AFB
1

+ 

MOLEL) 

G5 

(AFB
1

+ 

MOLEM) 

G6 

 (AFB
1

+ 

MOLEH) 

 G7 

 (AFB
1

 then 

MOLEL)  

G8  

(AFB
1

 then 

MOLEM)  

G9  

(AFB
1

 then 

MOLEH)  

1 1138.63 - - + - - - - - - 

2 1092.92 - - + - - - - - - 

3 1063.28 - - - + + - - - - 

4 1018.06 - - + - - - - - - 

5 834.21 - - + + + - + - - 

6 732.71 - - - + + - - + + 

7 625.31 + + + + + + + - - 

8 597.05 + + + + + - - - - 

9 509.77 + + + + + + + + + 

10 417.91 + + + + + + + + + 

11 336.97 + + - + + + + + - 

12 290.39 + + + - + + - - - 

13 274.07 - - + - - - - - - 

14 254.72 + + - + + + + + - 

15 210.07 + + + + + + + + + 

16 198.22 - - + + - - - + + 

17 185.69 + + + - + + - - - 

18 164.61 - - + + - - - - - 

19 152.93 - - + + - - - - - 

20 140.66 + + - + + + + + + 

21 104.18 + + + - - + + + + 

22 93.78 - - + - - - - - - 

Total fragmentations (+) 11 11 17 14 13 10 9 9 7 

MOLEL: low dose of Moringa oleifera. MOLEM: Medium dose of Moringa oleifera. MOLEH: High dose of Moringa oleifera. 
(+): Appearance bands of DNA according to Eshak et al. (2015). (- ): Disappearance of DNA band. 
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Table 5: Effect of MOLE as a protective agent on hematological parameters in AFB1 intoxicated 
rats. 

Treatment Hematological parameters 

Hb (g/dI) RBCs (cumm) WBCs (cumm) PC (cumm) 

G1 14.08±0.33
e
 4.10±0.10

a
 4.28±0.13

a
 121.40±0.60

a
 

G2 14.74±0.20
e
 4.46±0.18

a
 4.96±0.02

a
 123.40±0.50

a
 

G3 4.88±0.30
a
 16.07±0.37

h
 27.56±1.85

h
 982.60±1.77

h
 

G4 7.81±0.16
b
 14.33±0.18

g
 23.04±0.22

g
 868.80±17.11

g
 

G5 11.08±0.25
c
 12.95±0.20

f
 19.16±0.23

f
 771.60±29.31

f
 

G6 13.21±0.20
d
 11.37±0.18

e
 17.1±0.21

e
 550.80±29.12

e
 

G7 15.30±0.24
f
 8.79±0.20

d
 12.90±0.72

d
 437.80±17.86

d
 

G8 16.00±0.38
fg
 6.95±0.04

c
 9.66±0.09

c
 332.60±11.69

c
 

G9 17.35±0.25
h
 5.17±0.18

b
 7.40±0.22

b
 172.40±6.85

b
 

      All data are expressed in a, b,c,d,e,f,g,h different superscripts are significantly different 
(P≤0.05).

 

Haematological examinations: 

Haemoglobin level (Hb): 
      Analysis of haematological parameters (Table 
5) revealed that Hb level significantly decreased 
(P≤0.001) in rats treated with AFB1 in respect to 
Hb level in the control groups. On the other hand, 
using of moringa extract as a protective agent 
improved the Hb levels. Using low dose 3.3 gm/kg 
of moringa extract not significantly improved the 
Hb level. In contrast to, medium dose 4.0 gm/kg 
significantly ameliorated the Hb level as compared 
to AFB1 group. The high dose 4.7 gm/kg caused 
the highest increase in Hb level. Moringa extract 
as a therapeutic agent enhanced Hb level in 
different dose levels in comparison with those in 
AFB1 group. 

RBC and WBC counts: 
RBCs count significantly elevated by AFB1 

treatment in comparison with control group. 
Moringa extract that was used as a protective 
agent led to reduction of this elevation of the 
RBCs count. The improvement was not significant 
with 3.3 gm/kg dose, whereas, RBCs count 
decreased significantly with 4.0 and 4.7 gm/kg 
doses. Furthermore, high significant increase in 
WBCs count caused by AFB1 treatment in respect 
to the control groups. This damage was 
decreased using Moringa extraction as a 
protective agent in a dose dependent manner.  
 
 

 
 
 
      Dose 3.3 gm/kg slightly decreased such 
damage of WBCs, whereas, doses 4.0 and 4.7 
gm/kg significantly improved the WBCs count as 
compared to AFB1 groups. The highest 
improvement of WBCs count was obtained using 
4.7 gm/kg than other lower doses of moringa 
extract. Using moringa extract as a therapeutic 
agent gave best results of RBC and WBC 
examinations (Table 5). Significant improvement 
of RBCs and WBCs counts was induced by 
treatment with different doses of moringa extract. 
This enhancement was increased by increasing 
the dose level. The highest dose 4.7 gm/kg of 
Moringa extract greatly ameliorated the 
haematological parameters and caused relatively 
similar results as those found in the control group. 

 

Histopathological and Immunohistochemical 
analyses: 

 Histopathological results of liver: 
The histological examination of control liver 

show normal histological appearance in the form 
of central vein and hepatic cords separated by 
blood sinusoids (Fig. 4a), where those with 
treated with DMSO show increase hemorrhage in 
the sinusoidal spaces (Fig. 4b).  
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Fig. 4: A photomicrograph of liver tissue of a rat (a) shows the normal structure of liver tissue with 
normal central vein (star), preserved portal tract and normal hepatocytes. (b) a section of liver 
tissue from a rat received DMSO only that appears close to normal but with scattered  hemorrhage 
in sinusoidal spaces (thin arrow) (C) a section  of liver received  moringa as protection  therapy 
showed vacuolated hepatic cells (line segment) congested central vein and  hemorrhagic area 
surrounded by inflammatory cells (thin arrow) (D) section of  liver received moringa as therapeutic  
therapy showed normal liver tissue with central vein (star) surrounded by normal hepatocytes 
(H&E 100,200). 

 

 
 

Fig. 5: A photomicrograph of liver tissue of a rat received AFB1 showed appearance of malignancy 
signs as dysplastic nodules (thick arrow), ballooning of hepatic cells with granulated cytoplasm 
surrounded central vein (broken arrow), increase thickness of hepatic cells (star) appearance of 
endothelial cell in sinusoidal space (thin arrow), scattered fat cells (line segment) and 
hemorrhagic area (arrow head) (H&E 100,200). 
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Fig. 6: A photomicrograph of renal tissue of a rat (a) shows a section of normal  renal structure 
with normal appearance of glomeruli and tubules (b) a section of renal  tissue from a rat received  
DMSO showing  normal glomerular tissue  with  scattered hemorrhagic areas (thin arrow) (C) a 
section of renal  tissue from a rat received  moringa as protection therapy showed normal 
glomerular appearance  with scattered hemorrhage foci (thin arrow) (D) section of renal tissue 
received moringa as  therapeutic therapy showed normal renal tissue with normal glomeruli and 
tubules. (H&E 200) vacuolation (thin arrow). 
 

 
 
Fig. 7: A photomicrograph of renal tissue of a rat shows a section of renal tissue from a rat 
received AFB1 showing distorted renal tissue as multiple vacuolated lining epithelium of proximal 
tubules (thin arrow), abnormal glomeruli with pseudocapsule, filled with hyaline material (thick 
arrow) and abnormal vacuolation (thin arrow) There is cystic dilated area with hemorrhage, 
abnormal distorted glomeruli (star) (H&E 100, 200). 
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Fig. 8: A photomicrograph of liver and renal tissue of a rat stained with p53 (a) shows a section of 
normal renal tissue negative stained with P53 (b) section of normal liver tissue negative stained 
with p53 (c) p53 has no role on kidney but tubular vacoulation appear clearly (D) appear of 
endothelail cell in the sinusoidal lining of liver which is sign of dysplasia (thin arrow).  

 
 

Those treated with AFB1 showed sever 
histological changes as appearance of scattered 
dysplastic foci with hyperchromatic nuclei and 
increase thickness of liver plate more than one 
cell thickens absence of portal tract (Fig. 5). After 
treatment with MOLE as protective therapy 
decrease dysplastic changes caused by AFB1 
except for presence of inflammatory foci (Fig. 4c), 
but moringa gave better result when used as 
therapeutic agent especially with large doses as 
liver tissue return to its normal state (Fig. 4d). 
Immunohistochemical studies of p53 confirm the 
same result obtained by H&E stain (Fig 5b, d) 

Histopatological results of kidney: 
 Light microscopy of HE stained kidney 

sections from control group revealed normal 
histological structure of glomeruli and tubules (Fig. 
6a), where, those treated with DMSO show 
normal glomerular appearance, scattered 
hemorrhagic areas and thickened hyalinized 
arterial wall (Fig. 6b). Samples treated with AFB1 
showed abnormal glomeruli with prominent 
pseudocapsule, filled with amphophilic cytoplasm 
and contain pale granular secretion, vacuolated 
lining epithelium of tubules and distorted most of 
glomeruli (Fig. 7). After treatment with moringa as 
protective therapy decrease changes caused by  
 

AFB1 except for presence of hemorrhagic foci 
(Fig. 6c), but moringa gave better result when 
used as therapeutic agent especially with large 
doses as renal tissue return to its normal state. 
(Fig. 6d) Immunohistochemical studies of p53 
confirm the same result obtained by H&E stain 
(Fig 8a, c). 
 
DISCUSSION 

The effects of AFB1: 

Induction of DNA damage: 
The assessing of DNA damage has been 

considered to be a main parameter for detecting 
the genetic changes and modifications especially 
in cancer condition. Comet assay and Inter Simple 
Sequence Repeats (ISSRs) are important 
methods that used for this purpose. Comet assay 
technique referees as the single cell gel 
electrophoresis assay, in which visual evidence of 
DNA damage might be measured. This measuring 
depend on quantification of fragments of 
denatured DNA that migrating out of the cell 
nucleus during electrophoresis (Liao et al., 2009). 
ISSRs were found to be used as genetic markers 
for comparative analysis and mapping of genome 
as well as for damage that induced by different 
environmental contaminations. In this technique, 
DNA fragmentation has been amplified using 
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single arbitrary DNA primers (Leroy et al., 2000). 
Ghaly et al., (2010), Ahmed et al., (2012) and 
Booles et al., (2012) revealed that the ISSR-PCR 
analysis was powerful method for assessing the 
DNA fragmentation in hyperglycemic condition in 
rats. Also, Al-Qurainy (2010) concluded that 
ISSR-PCR analysis could be utilized to assess 
how the environmental pollutants change and 
modify the DNA structure in plant cell. 

The present data according to comet assay 
and ISSR-PCR analyses revealed that the 
treatment with AFB1 induced high rates of DNA 
damage as compared to untreated control. The 
inducing of DNA damage due to treatment with 
AFB1 had been reported in previous several 
studies: In Caco-2 cells that treated with AFB1, the 
DNA damage significantly found as compared to 
normal control (Gratz et al., 2007). Eshak and 
Osman (2013) observed in quail that the feeding 
on basal diet contaminated with AFB1 had induced 
significant rates of DNA fragmentation as 
compared to feeding on normal basal diet. Also, 
Abdel-Rahim et al., (2014) and Eshak et al., 
(2015) found in male and female mice that 
received basal diet polluted with AFB1, higher 
values of DNA fragmentation in comparison with 
mice fed normal control diet, the assessing of 
DNA fragmentation was performed by using 
comet assay and spectrophotometer. Moreover, 
Eshak et al. (2015) showed by using ISSR-PCR 
analysis high frequencies of DNA fragments in the 
testis and ovarian cells of mice treated with AFB1 
with respect to those observed in normal control. 
The induction of DNA damage causes genomic 
instability and lead to gene expression alterations 
(Sun et al., 2005).  

The alteration of gene expression of p53 gene: 
Our findings revealed that p53 mRNA 

expression in liver tissue of animal group that 
treated with AFB1 was up-regulated and 
significantly higher than those found in the normal 
control. Abo-Elwafa et al., (2011) and Barisik et 
al., (2011) reported that the overexpression of p53 
gene has been occurred by inducing the oxidative 
stress due to the effect of different abnormal 
environmental conditions. Wawrzyniak et al., 
(2013) observed a significant elevation in p53 
gene expression in rats subjected treadmill 
running (that cause oxidative stress) in 
comparison with non-exercised animals. Similar 
studies found that overexpression of cytochrome 
P450 genes in liver tissue of mice and rats might 
be induced by the effect of different toxicants such 
cytokines (Pan et al., 2000), Propiconazole (as a 

fungicide) (Sun et al., 2005), phenols (Eshak et 
al., 2012) and CCL4 (Eshak et al., 2015), the 
overexpression of such genes was occurred due 
to the inducing of oxidative stress. Bbosa et al. 
(2013) reported that the accumulation of AFB1 and 
its metabolities were found to cause the up-
regulation of some nuclear receptors such as 
constitutive androstane receptor (CAR), pregnane 
X receptor (PXR) and arylhydrocarbon receptor 
(AHR). This up-regulation has been induced 
through gene expression that regulates the 
metabolizing of CYP450 enzymes in phase I and 
phase II metabolism of Xenobiotics. Moreover, 
Khalil et al., (2014) showed in tumor cells of mice 
that p53 gene expression was significantly raised 
as compared to normal control.  

Haematological changes: 
The present findings found that the rats 

treated with AFB1 had significant decrease of Hb 
and significant increases of each RBCs and 
WBCs in comparison with control. Similar to our 
data, Fernaindez et al., (1996) found significant 
increase in the count of RBC and significant 
reduction of rate of Hb in lambs received 2.5 mg 
AFB1/Kg diet. Basmacioglu et al., (2005) revealed 
in broilers and Eshak et al., (2015) found in mice 
that hemoglobin level was decreased during 
aflatoxicosis. Tingting et al., (2015) observed in 
broiler that exposed to AFB1 increase rate of RBC 
and decrease rate of Hb. Also, in previous study, 
Brucato et al., (1986) detected anemia in each of 
CD-1 mice and cattle that were treated with AFB1. 
According to the present findings, the negative 
association between Hb level and RBC count, this 
case often induce in earlier stage of iron-
deficiency anemia (Pasricha et al., 2010). Also, 
through AFB1 metabolites, phospholipid A2 has 
been stimulated to start the formation of lipid 
peroxidation that affect erythrocyte membrane 
and consequently cause increase erythrocyte 
viscosity and decrease erythrocyte deformability 
(Tingting et al., 2015). 

Concerning the increase rate of WBCs in 
animals that treated with AFB1 in this study, this 
might be attributed to the defensive mechanism of 
immune system through the formation of free 
radicals during toxicant metabolites (Patrick-
Lwvanyanw et al., 2007; Oluyemi et al., 2007; 
Elshater et al., 2013). Also, the present data were 
similar with that reported in another studies by 
Saba et al. (2010), Sule et al., (2012), Elshater et 
al., (2013) and Eshak et al., (2015) who found 
significant elevation of WBCs in animals treated 
with CCL4.  
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Histopathological and Immunohistochemical 
analyses: 

Histopathological and histochemical results of 
the current study revealed that AFB1 has a great 
toxic effect of both liver and kidney. Liver is the 
main target organ in Aflatoxin toxicity as it has a 
great effect on liver tissue whether, it is reversible 
but vary in severity from mild to severe effect, in 
the form of vascular degeneration, fatty changes, 
appearance of hepatic cell with two nuclei, 
nodular aggregation of hepatic cells, appearance 
of dysplastic foci and absence of portal tract. Most 
of these signs are guidance of malignancy (Abdel-
Wahhab et al., 2010). Angsubhakorn et al.,  
(1990) observed various stages of hepatocellular 
carcinomas in Wister rats that treated with AFB1, 
the neoplastic and necrosis in centrolobular areas 
were higher with respect to normal control. 
Darwish et al., (2011) showed that AFB1 treatment 
resulted in liver damage in mice with numerous 
regenerative and dysplastic nodules as well as the 
nuclei of liver cells were enlarged. Johnson et al., 
(2014) reported hepatocellular carcinoma in rats 
exposed to AFB1, the adduct of AFB1-N

7
-guanine 

was significantly induced as compared to normal 
control.  

Kidney changes during aflatoxin usage not as 
marked as liver, the pathological changes occurs 
mostly in the tubular structure other distal or 
proximal convoluted tubules in the form of 
vacuolar degeneration, hyaline changes and 
deposition in most tubules which may also occurs 
in glomeruli, these findings are also in agreement 
with that reported by Yaman et al., (2016) on rats 
that exposed to AFB1. Moreover, in previos 
studies, the microscopic examination of renal 
tissues of chickens (Mollenhauer et al., 1989), 
rabbits (Orsi et al., 2007) and mice (Ezzel-Arab et 
al., 2006; Darwish et al., 2011) that treated with 
AFB1 revealed sever degeneration in glomeruli 
and tubules. 

The effects of MOLE:  
In this study, it was found that the treatment 

with MOLE could reduce the AFB1-induced 
damage on genetic, haematological and 
histpathological parameters. Where, MOLE 
treatment especially with high dose of therapeutic 
treatment significantly minimized DNA damage, 
significantly down-regulated the overexpression of 
p53 gene. Haematological parameters were found 
to approximately stimulate towards normal value. 
As well as, the histological examinations clarified 
that MOLE could act against AFB1-induced liver 
and kidney injury and return them to normal state 

or normal architecture.  

Genetic analyses: 
The ameliorative effects of MOLE that 

observed in this study on AFB1-induced DNA 
damage and overexpression of p53 gene were 
similar with that clarified by Eshak et al., (2015) 
who revealed that the treatment with MOLE as a 
protective therapeutic agent was a good factor 
which significantly reduced the DNA damage and 
suppresses the overexpression of CYP1A2 and 
CYP2B1 genes in rat liver tissue induced by 
CCL4. Rao et al., (2001) observed that the 
animals that pre-dosed with MOLE and exposed 
to radio irradiation had significant minimization of 
genetic alterations in comparison with those 
exposed to radio irradiation alone. In addition, 
Sathya et al., (2010) noted that pre-treated mice 
with MOLE and injected with cyclophosphamide 
had significant reduction of DNA damage as 
compared to those injected with 
cyclophosphamide alone. Moreover, Eshak and 
Osman (2013) found that the treatment with 
MOLE was capable on reduction of DNA damage 
induced in rats by exposure to gamma irradiation. 
On the other hand, Fakurazi et al., (2012) 
reported that the vitamin C is a one important 
constituent of chemical structure of Moringa 
oleifera, the addition of this vitamin to diet resulted 
in significant reduction of DNA damage of patients 
lymphocytes, decreased of free radicals and 
enhanced immune system booster in the body. 

Ezejindu et al., (2013) observed that the 
polyphenols that are major constituents of MOLE 
had ability to suppress overexpression of 
androgen gene in androgen-independent prostate 
cancer cells. These polyphenols were found to 
inhibit the growth of cancer cells by interfering 
with its genetic factors. 

Moreover, the combination of α-tocopherol, 
ascorbic acid and β-carotene as main constituents 
of MOLE were found to have impact on p53 gene 
expression. This observation was investigated by 
Wawrzyniak et al., (2013) on rats subjected to 
treadmill running (oxidative stress). Their results 
showed a significant increase in p53 gene 
expression in trained rats as compared to non-
exercised animals, however, the administration of 
combination of α-tocopherol, ascorbic acid and β-
carotene revealed tendency to decrease gene 
expression of p53 gene. These authors reported 
that the administration of such compounds likely 
suppressed the production of reactive oxygen 
species and lipopeoxidation in the body and 
decreased the exposure to DNA oxidation. 
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Haematological examinations:  
According to our findings, The MOLE 

treatment (especially in therapeutic group) in rats 
injected with AFB1 led to significant enhancement 
of haematological parameters, where in high dose 
treatment the level of Hb and the rates of RBCs 
and WBCs had been observed to approximately 
stimulated towards normal value. Eshak et al., 
(2015) noted that the MOLE treatment as a 
therapeutic agent in rats injected with CCL4 
significantly improved the haematological 
measurements including Hb, RBCs and WBCs as 
compared to rats received CCL4 alone, and these 
improvements were approximately similar with 
that in the normal control. Osman et al., (2012) 
reported that MOLE has measurable effect on 
blood constituents in rats and rabbits. The results 
on rats received MOLE observed that RBCs and 
Hb significantly ameliorated with respect to 
animals fed diets free of MOLE. Also, in rabbit, the 
results showed significant enhancement of rats 
RBCs, platelets and PCV in animals fed diet 
supplemented with MOLE than those found in 
rabbits fed diet with addition of MOLE. Moreover, 
Maduka et al., (2014) reported that the treatment 
with MOLE in rats injected with acetaminophen 
caused stabilization of the factors of red cell 
maturation and induced overwhelming effect in 
improving the RBC counts as compared to rats 
injected with acetaminophen alone. Verma et al., 
(2009); Khalafalla et al., (2010); Sreelatha et al. 
(2011); Fakurazi et al., (2012) confirmed that the 
MOLE contain a rich amount of ascorbic acid, this 
component was found to have important role for 
enhancement haematological constituents 
through iron absorption and its transportation, 
RBC development and maturation and 
consequently improvement of Hb level. 

Histopathological and Immunohistochemical 
analyses: 

Recently moringa extract has a great role in 
treatment of many diseases with many roles as 
antibiotic, anti-inflammatory and hypoglycemic 
(Hamza, 2010). In our study, moringa extract in 
both organs either as protective or therapeutic 
agent in different doses cause regression of 
aflatoxin toxicity even with dysplastic changes in 
the liver and return gradually to normal pattern 
especially with large dose of moringa usage (Ijazi 
et al., 2016). Our result coincide with the study of 
Ujah et al., (2013) who confirmed that treatment 
with moringa in high doses show healthy liver cell 
as in normal control plate. Khalafalla et al., (2010) 
observed that MOLE has potent activity against 

hepatocarcinoma and leukemia cells that were 
cultured of some patients in vitro. The MOLE was 
found to kill about 70-86% of abnormal cells 
among the harvested cells. The authors 
concluded that MOLE might contain the major 
active components (antioxidants) that have ability 
for destruction of leukemia and carcinoma cells. 
Moreover, the effect of antiproliferative of MOLE 
has been demonstrated on human cancer cell 
lines of KB, A549 and Hela (Sreelatha et al., 
2011; Shruti et al., 2011; Charlette et al., 2013). 
Ghosh (2013) studied the anti-cancer effect of 
MOLE on human breast cancer cells (MCF7 and 
MDAMB 231), the results showed that the 
treatment with MOLE induced a good therapy by 
causing inhibition on cell proliferation in such cell 
lines. Moringa oleifera was found to contain an 
unique combination of benzyl isothiocyanate 
(BITC) and phenethylisothiocyanate (PEITC) that 
have anti-tumor activity in ovarian, lung, skin, 
esophagus and pancreas cancer cells (Kalkunte 
et al., 2006; Satyan et al., 2006). Eshak et al., 
(2015) clarified in rats that the damage of hepatic 
tissue due to exposure to CCL4 was clearly 
minimized by treatment with MOLE. 

In the present study, the ameliorative effects 
of MOLE on AFB1 toxicity might attribute to its 
anti-oxidative abilities. Moringa oleifera plant is 
considered to be a major one of the medicinal 
herbs that was reported to have potent properties 
for scavenging or suppression the generation of 
free radicals, minimization the intensity of lipid 
peroxidation and enhancement the activities of 
antioxidant enzymes, which are essential for cell 
survival in abnormal environment conditions 
(Sreelatha and Padma, 2009; Sathya et al., 2010; 
Khalafalla et al., 2010; Maduka et al., 2014). Also, 
in this respect, Prasanna and Sreelatha (2014)) 
observed that MOLE significantly prevented the 
H2O2-induced oxidative in yeast cells, significantly 
inhibited the formation of lipid peroxide, 
scavenged the hydroxyl radicals and significantly 
ameliorated the rate of antioxidant enzymes such 
superoxide and catalase. These authors attributed 
these enhancements of MOLE to its contained on 
several potent antioxidants such quercetin 
glucoside, keampferol rhamnoglucoside, ascorbic 
acid, phenolics, flavonoids and carotenoids. 

CONCLUSION 
In conclusion, the present findings give a new 
insight into the therapeutic role of MOLE in 
alleviating AFB1-induced genotoxicity, 
haematoxicity and hepato and renal toxicity in 
rats, demonstrating the ability of such medicinal 
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plant for mitigating the genotoxicity and 
carcinogenic effects of AFB1. These results 
suggest that the consumption of MOLE-basal diet 
maintain the integrity of genetic materials, 
haematological constituents and histological 
architectures against AFB1 toxicity. 
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