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Introduction 
 

Aflatoxins refer to a cluster of 

difuranocoumarin compounds which are 

mainly produced by Aspergillus flavus and 

Aspergillus parasiticus fungi species (Steyn, 

1995). These chemicals can contaminate 

human consumption crops such as corn, 

peanut, sorghum, rice, wheat, and nut 

(Cleveland et al., 2003). The most common 

aflatoxins are B1, B2, G1 and G2 which are 

naturally present in many food products and 

affect several organ systems simultaneously. 

This produces a cascade of responses in the 

affected organism (Ferenčík and Ebringer, 

2003; Herzallah, 2013). Human beings are 

mainly exposed to aflatoxins through 

secondary sources after the consumption of 

animal products that had previously ingested 

contaminated feed. Aflatoxins are highly 

lipophilic and are therefore quickly absorbed 

via the alimentary canal. Moreover, they can 

enter the bloodstream directly through 

inhalation (Bbosa et al., 2013). It is estimated 

that approximately 4.5 billion people across 

the globe, especially in low-income countries 

are exposed to food that is contaminated with 

aflatoxin (Williams et al., 2004). Among the 
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Aflatoxin B1 (AFB1) is a widespread mycotoxin produced by toxicogenic Aspergillus 

species. AFB1 has been reported to cause harmful health effects, such as cancers and 

abnormal development and reproduction, in animals and humans. The current study was 

carried out to evaluate the genotoxic aspects of Aflatoxin B1 in the bone marrow cells 

obtained from Swiss albino mice, using chromosomal aberrations (CA), mitotic index 

(MI), and micronuclei (MN) formation as toxicological end points. Four groups of four 

mice each, weighing approximately 20-25 g, were orally administered once a day for 30 

days with doses of 1, 2, 4, 8 and 16 mg/kg BW of AFB1. The control group was made up 

of four animals orally administered with Deionized water. AFB1 exposure significantly 

increased the number of CA and the frequency of micronucleated cells and decreased the 

mitotic in treated groups when compared with the control group. This significant increase 

in CAs as well as micronuclei formation induced by AFB1 may be attributed to the fact 

that AFB1 can induce genotoxicity through DNA damage. Thus, the present study 

indicates that AFB1 was genotoxic in vivo in bone-marrow cells of mice. 
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major aflatoxins, aflatoxin B1 (AFB1) is the 

most widely known carcinogen. Continued 

exposure to AFB1 results in stunted growth, 

mutagenicity, genotoxicity, and 

immunosuppression. It also caused an 

increasing hepatocellular carcinoma (HCC) 

incidence in humans and animals (Theumer et 

al., 2010; Abbes et al., 2010; Sun et al., 2011). 

Aflatoxin B1 works synergistically with some 

human health factors such as hepatitis B virus 

infection, nutritional status, sex, age and the 

amount of AFs exposure to initiate the 

development of cancer (Qureshi et al., 2014; 

Wild and Montesano, 2009). Other 

complications that result from AFB1 include 

the induction of a variety of biological 

activities like acute toxicity, teratogenicity and 

membrane damage which happens due to 

increased peroxidation of lipid and the 

generation of free radicals (Abdel-Wahhab et 

al., 2012; Mary et al., 2012).  

 

There is an association between 

carcinogenicity of AFB1 and the alteration of 

several p53- target gene expressions and 

mutations, mainly the p53 codon 249 hotspot 

mutations (Josse et al., 2012). Several reports 

have shown the detrimental effects of AFB1 

on the liver (Hassan et al., 2015), testis, 

epididymis (Agnes and Akbarsha, 2001; 

Hamzawy et al., 2012), Kidney (Abdel-Hamid 

and Firgany Ael, 2015; Arora et al., 1978), 

Heart (Abdulmajeed, 2011; Mohamed and 

Metwally, 2009), ovary (Ibeh et al., 2000), 

and the brain (Bahey et al., 2015). According 

to evidence from IARC (International Agency 

for Research on Cancer), AFB1 is a Group 1 

human carcinogen with no intended safe dose 

(Babu et al., 2014). Cytogenetic assays, such a 

chromosome aberrations and micronucleus 

assay are detectable by cytogenetic analysis of 

chromosome in metaphase. These cytogenetic 

endpoints are widely used to assess the 

mutagenic and carcinogenic potential of 

chemical compounds (Albertini et al., 2000). 

The main objective of this study was to 

determine the genotoxic effect of AFB1 in the 

bone marrow cells of Swiss albino mice using 

chromosomal aberrations, mitotic index and 

micronuclei formation as the toxicological 

endpoints. 

 

Materials and Methods 

 

Chemicals 

 

All the chemicals used, including AFB1, were 

purchased from Sigma Chemical Co., St. 

Louis, MO. 

 

Animals 

 

Swiss albino mice, male and female of 10–12 

weeks of age, and weighing 20–25 g were 

used in this study. Mice were housed in 

individual plastic cages under standard 

laboratory conditions at a temperature of 22.1 

± 0.8 ◦C, 36.3 ± 3.3% humidity and 12/12 h 

light/dark photoperiod, with ad libitum access 

to food (commercial mouse pellets) and water 

throughout the experiments. 

 

Doses 

 

Groups of four mice each were treated with 

five different AFB1 dose levels. AFB1 were 

diluted with deionized water and orally 

administered using feeding needles to the mice 

at the doses of 1, 2, 4, 8 and 16 mg/kg BW. 

One dose per 24 h given for 30 days. 

Deionized water was used as negative control. 

Negative control group was administered in 

the same manner as in the treatment groups. 

 

Chromosome aberration assay 

 

Cytogenetic analysis was performed on bone 

marrow cells according to the 

recommendations of Preston et al., (1987), 

with slight modifications. Experimental 

animals were intraperitonally injected with 

colchicine (4 mg/kg) 1.5 hours prior to 
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sacrifice. Animals were sacrificed by cervical 

dislocation 24 hours after the last dose. Both 

femora were dissected and cleaned of any 

adhering muscle. Bone marrow cells were 

collected from both femora by flushing in 

warm KCl (0.075M, at 37ºC) and incubated at 

37ºC for 25 min. Following incubation, the 

material was centrifuged at 2000 rpm for 5 

min. The supernatant was decanted and the 

cell pellet was fixed in aceto-methanol (acetic 

acid: methanol, 1:3, v/v). Centrifugation and 

fixation was repeated twice with an interval of 

30 min. Cells were then resuspended in a 

small volume of fixative, dropped onto chilled 

slides, and allowed to dry. The slides were 

stained the following day with freshly 

prepared 2% Giemsa stain for 3–5 min, and 

washed in distilled water to remove excess 

stain. A total of 200 well spread metaphase 

cells were scored for CAs at a magnification 

of 1000 × (100 × 10) for each group. 

 

Mitotic index determination 

 

The MI (number of dividing cells/total number 

of cells × 100) was used to determine the rate 

of cell division. The slides prepared for 

assessment of CAs were also used for 

calculating the MI. Randomly selected views 

on the slides were monitored to determine the 

number of dividing cells (metaphase stage) 

and the total number of cells. At least 1000 

cells were examined in each preparation. 

 

Micronucleus assay 

 

Mice were sacrificed by cervical dislocation 

24h after the last treatment. The frequency of 

micronucleated cells in femoral bone marrow 

was evaluated according to the procedure of 

Schmid et al., (1976), with slight 

modifications as reported by Agarwal & 

Chauhan (1993). The bone marrow was 

flushed out from both femora using 2 mL of 

Fetal Calf Serum and Hanks Balanced Salt 

Solution (3:1), and centrifuged at 2000x g for 

10 min. The supernatant was discarded. 

Evenly spread bone marrow smears were 

stained using the May-Grunwald and Giemsa 

protocol (Zaizuhana et al., 2006). A total of 

4000 cells/treatment were scored on coded 

slides to evaluate the frequency of 

micronucleated cells in bone marrow under an 

Olympus microscope. 

 

Statistical analysis 

 

Data were analyzed by one-way analysis of 

variance (ANOVA) followed by two-tailed t-

test when the ANOVA test yielded statistical 

differences (p< 0.05 or 0.01). A value of p< 

0.05 was used as the criterion for statistical 

significance. All data were expressed as the 

mean ± SD. 

 

Results and Discussion 

 

Chromosomal aberrations 

 

Aflatoxin B1 induced a statistically significant 

increase in CAs in metaphase bone marrow 

cells. Table 1 shows the mean frequency of 

cells with aberrations (as percentages) 

calculated for each dose with four 

animals/dose. Different types of aberrations, 

i.e., stickiness, chromatid gap, fragment, 

Robertsonian Centric Fusion (RFC), and 

polyploidy were observed. The mean 

percentages of the induced CAs were 4 + 0.82 

%, 6 ± 0.8 %, 11 ± 1.7 %, 19 ± 1.3%, 25 ± 

2.1% and 40 ± 2.2% at AFB1 doses of 0, 1, 2, 

4, 8 and 16 mg/kg BW, respectively. Aflatoxin 

B1 showed a concentration-dependent 

increase in the frequency of CAs (Figure 1). 

At high concentrations of AFB1 (16 mg/mL), 

sticky chromosomes and gaps were the most 

common CAs observed. 

 

Mitotic Index 

 

The MI was used to determine the rate of cell 

division in the bone marrow cells of mice. 
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Table.1 Percentage of mitotic index (MI) and chromosomal aberrations (CAs) in mice bone 

marrow after treatment with AFB1 

 

% Aberration  

(mean± SD) 

% Chromosomal aberration (CAs) MI±SD Dose 

(mg/kg) Polyploidy RCF* Fragment Gap Stickiness 

6 ± 0.8  0 0 1 2 3 4.2 ± 

0.69 

1 

11 ± 1.7  0 2 2 2 5 2.9 ± 

0.68 

2 

19 ± 1.3 2 4 3 2 8 2.1 ± 

0.50 

4 

25 ± 2.1 4 2 5 4 10 1.1 ± 

0.38 

8 

40 ± 2.2 6 5 10 8 11 0.7 ± 0.4 16 

4 ± 0.82 0 0 1 1 2 8.2 ± 

0.52 

N.C 

NC= Negative Control 

*Robertosonian Centric Fusion (RCF). 

 

Table.2 Percentage of micronucleated cells in mice bone marrow after AFB1 treatment 

 

Dose 
(mg/kg) 

No. of cells 

counted 

No. of 

micronuclei 

% micronuclei 

(mean ±SD) 

NC 4000 11 2.8 ± 0.95 

1 4000 17 4.3 ± 1.3 

2 4000 29 7.3 ± 1.7 

4 4000 42 10.5 ± 1.9 

8 4000 56 14 ± 1.6 

16 4000 102 25.5 ± 2.3 

 

Fig.1 Effects of AFB1 on the frequency of chromosomal aberrations 

 

 
                                 ** p< 0.01 versus control 
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Fig.2 Effect of AFB1 on the percent mitotic index 

 

 
                                            ** p< 0.01 versus control 

 

Fig.3 Effect of AFB1 on the percent micronuclei induction 

 

 
                                     ** p< 0.01 versus control. 

 

Mitotic Index depression was observed, and it 

was found to be dose-dependent (Figure 2). 

Mean percentages of MI were 8.2%, 4.2%, 

2.9%, 2.1%, 1.1% and 0.7 for the doses 0, 1, 

2, 4, 8, and 16 mg/Kg BW of AFB1 (Table 1). 

 

Micronuclei induction 
 

The frequency of micronuclei in bone marrow 

cells after treatment with AFB1 are given in 

Table 2. Aflatoxin B1 induced a dose-

dependent increase in micronuclei frequency, 

which was significantly different (p<0.01) 

from that in the negative control (Figure 3). 

The mean frequencies of micronucleated cells 

2.8 ± 0.95, 4.3 ± 1.3, 7.3 ± 1.70, 10.5 ± 1.90, 

14 ± 1.6, 25.5 ± 2.3 % at AFB1 doses of 0, 1, 

2, 4, 8 and 16 mg/kg BW, respectively. 

 

A detailed assessment of the genotoxic 

potential of AFB1 in exposed mice bone 

marrow was carried in this investigation. The 

study used CAs, MI, and micronucleus assay 

as toxicological endpoints. The findings of the 

evaluation revealed a significant rise in 

cytogenetic damage in the bone marrow cells 

associated with exposure to AFB1. The 

comparative results of the AFB1 and control 

group showed significant differences in 

context of the CAs percentages in the bone 

marrow of Swiss albino mice. We have also 

measures a significant decline in mean of MI 

values in AFB1-tretaed groups relative to the 

control groups. Additionally, micronucleus 

assay measurements depicted an AFB1 

induced rise in mean percentages of the 

micronucleated cells. The extensive use of 

chromosomal aberrations can be found mainly 

for evaluating the genotoxicity in human 

subjects (Kao-Shan et al., 1987). Moreover, 

there are numerous evidences reported in past 

studies in which researchers have shown a 
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strong correlation between induction of CAs 

and the risk of cancer (Norppa et al., 2006; 

Ray et al., 2001). The results of these studies 

showed that AFB1 induced different type of 

CA such as stickiness, chromatid gap, 

fragment, Robertsonian Centric Fusion (RFC) 

and polyploidy. The lowest dose of (1mg/kg) 

of AFB1 could induce any significant 

increase in the frequency of CA. However. 

The doses 2, 4, 8, and 16 mg/kg of AFB1 

induced a significant increase in the 

frequency of CA. The results are 

corresponding with the previous studies 

indicating rising frequency of CA succeeding 

AFB1 treatment in vivo (Ito el al., 1989; 

Adgigitov et al., 1984; Anwar et al., 1994; 

Krishnamurthy and Neelaram, 1986) and in 

vitro (Batt et al., 1980; Fadl-Allah et al., 

2011; Werner et al., 1992). The production of 

CA is a complicated cellular procedure. For 

this reason, researchers have failed to 

understand completely the mechanisms of 

chromosome breakage and rejoining (Palitti et 

al., 1998; Savage et al., 1988). The existing 

theories have provided the processes leading 

to the production of CA. It can result from 

direct DNA rupture, reproduction on a broken 

DNA pattern, inhibition of DNA mixture. 

Topoisomerase II inhibition is also among 

one of such process (Albertini et al., 2000). 

However, under in vivo conditions, the 

genotoxicity assessment and in particular, the 

clastogenic potential of an agent is evaluated 

using the CA assay (Preston et al., 1987). MI 

rate was the second parameter utilized in the 

current investigation for determining the 

cytogenetic potential of AFB1. The MI is 

defined as the proportion of cells undergoing 

mitosis (cell division) compared to the total 

number of cells. Hence, the MI is critical to 

determine the rate of cell division (Moor et 

al., 2011). We have depicted a significant 

decrease in the mean MI values in AFB1 

treated groups relative to the control groups. 

The centric fragments or laggards being 

omitted from the nucleus proper during 

mitosis further lead to development of 

micronuclei. Such a rise in micronuclei is also 

suggestive of the abilities of test chemicals in 

producing different types of CAs (Ma et al., 

1995). The results from this study showed a 

statistically significant difference in the 

frequencies of micronuclei induction in mice 

bone marrow exposed to AFB1 when 

compared to the control. These results were in 

agreement with the studies that have shown 

increased micronuclei formation in treated 

cells exposed to AFB1 (Madrigal-Santilla´n et 

al., 2006; Ezekiel et al., 2011; Corcuera et al., 

2015). In conclusion, our data suggest that 

AFB1 induces CAs and the formation of 

micronuclei in the bone marrow cells of mice. 

The repression in MI indicates the potential 

for AFB1 to induce growth arrest or to inhibit 

cell growth. These findings demonstrate that 

AFB1 has a strong clastogenic/genotoxic 

potential. 
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