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flatoxins (AFs) are extremely toxic 

mycotoxins to which human are 

exposed. It is produced by Aspergillus 

flavus and A. parasiticus which occur as 

natural contaminants of foods and feeds. 

Experimental studies have shown that 

aflatoxins is a potent mutagen and 

hepatocarcinogen (Abdel-Wahhab and 

Aly, 2003 and 2005; Abdel-Wahhab et al., 

2007). A number of epidemiological in-

vestigations have also implicated its role 

in the etiology of human liver cancer (Van 

Rensburg et al., 1985; Yeh et al., 1989). A 

study with cultured human lymphocytes 

suggested that aflatoxin B1 was able to 

induce chromosomal damage through the 

release of Reactive Oxygen Species 

(ROS) (Amstad et al., 1984). The toxicity 

of AFB varies significantly between ani-

mal species. Whereas rats are sensitive to 

AFB hepatocarcinogenesis, many mice 

strains can tolerate exposure to the 

mycotoxin (Eaton and Gallagher, 1994; 

Hengstler et al., 1999). The most applied 

method for protecting animals against 

mycotoxicosis is the utilization of adsor-

bents mixed with the feed which are sup-

posed to bind the mycotoxins efficiently 

in the gastro-intestinal tract (Huwig et al., 

2001).  

Chitosan is a natural polymer that 

is a versatile biopolymer exhibiting vari-

ous unique biological properties; hence it 

has wide applications in food, biomedical 

and chemical industries (Shahidi et al., 

1999). The precursor to chitosan; chitin, 

was first discovered in mushrooms. It was 

also isolated from insects. The most abun-

dant source of chitin is the shells of shell-

fish such as crab and shrimp. Chitosan is a 

deacetylated product of chitin with one of 

the polysaccharides having a free amino 

group at the C2 position of the glucose 

residue of cellulose (Kim et al., 1997 and 

1999). The degree of deacetylation pro-

vides significant effect on the antimicrobi-

al activity of chitosan (Hongpattarakere 

and Riyaphan, 2008). Shon et al. (2001) 

reported that chitosan oligosaccharide 

showed an inhibitory effect on the muta-

genic activity of the cooked food mutagen. 

Yoon et al. (2005) investigated the effects 

of chitosan oligosaccharide on mercury 

induced genotoxicity in mice using the 

micronuclei and chromosomal aberrations. 

A 
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There was no difference between the un-

treated and experimental groups. 

The present study was conducted to 

determine the ability of chitosan to reduce 

the genotoxic effects due to consumption 

of aflatoxins contaminated diet in male 

albino rats through cytological and bio-

chemical studies. 

MATERIALS AND METHODS 

This work was carried out in Bio-

logical and Ecological Science Lab., Fac. 

of Home Economics, El-Azhar Univ. and 

Dept. of Genetics, Fac. of Agric., Kafer 

El-Sheikh Univ., Egypt. 

Experimental Animals  

Sixty male albino rats (Sprague-

Dawley) weighting 60-70 g were pur-

chased from the Biological Products & 

Vaccines Holding Company, Helwan 

Farm, Cairo, Egypt. Rats were kept under 

the laboratory conditions for one week as 

an acclimatization period. They were 

housed in stainless steel cages and kept 

through the experimental period under 

good ventilation and hygienic conditions. 

Rats were maintained on ad libitum diet 

and water. All animals received humane 

care in accordance with the protocol of 

National’s Animal Care and Use Commit-

tee and Guidelines for the Care and Use of 

Experimental Animals and in accordance 

to Helsinki Declaration. 

Aflatoxins  

Aflatoxins were extracted from 

Aspergillus flavus which grow on some 

food and feed samples. Fourteen food and 

feed samples were collected from different 

sources from Tanta (Gharbia Governorate, 

Egypt) during winter season, 2008. The 

dilution plate method of Czapek (1902) 

was used for isolation and counting the 

total count of fungi. Fungal genera and 

species were identified according to Gil-

man (1957), Barnett (1972) and Booth 

(1977). Isolates of A. flavus recovered 

from the studied samples were screened 

for their ability to produce aflatoxin(s) on 

yeast extract sucrose agar plates, using the 

fluorescent agar technique of El-Bazza et 

al. (1982). The best isolates; that produce 

the highest amount of aflatoxin, was se-

lected to produce aflatoxin as described by 

Stubblefield et al. (1967). 

Chitosan  

Chitosan was extracted from 

Shrimp which were collected from the 

branches of Nile River (Gharbia Gover-

norate, Egypt) during winter fall 2009. 

The shell material were separated, dried at 

50C in oven for 24 h. and homogenized. 

Chitosan were extracted by the method of 

Khanafari et al. (2008).  

Experimental Design 

Rats used in this study were divid-

ed randomly into four groups (15 

rats/group) which received the feeding 

administration for 45 and 90 successive 

days as follows: 

a- The first experiment: (up to 45 days) 

Group 1: Control fed on the basal diet. 
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Group 2: Rats were treated orally by 

stomach tube with chitosan (0.5 

g/kg b.wt.). 

Group 3: Rats were fed on aflatoxin-

contaminated diet (1.650 µg/kg 

diets) and treated orally by 

stomach tube with chitosan (0.5 

g/kg b.wt.).  

Group 4: Rats were fed only on aflatoxin 

contaminated diet (1.650 µg/kg 

diets). 

Feeding administration was lasted 

for 45 successive days. At the end of the 

experiment, eight rats were scarified for 

the later studies. The rest were kept for the 

next experiment.  

b- The second experiment: (up to 90 

days) 

Seven animals from the first exper-

iment were employed. The feeding period 

lasted for 90 days. Rats were fed on the 

same treatments as the previous experi-

ment except for the dose of aflatoxin 

which was 3.300 µg/kg diets in the 3
rd

 and 

4
th

 groups. At the end of the experimental 

period, all animals were fasted for 12 h. 

and blood samples were collected for 

isozymes analysis. After that, animals 

were killed and bone marrows were re-

moved for cytological studies, while liver 

was maintained for total protein analysis. 

Cytological studies 

Animals were scarified after 2 h. 

from injection with 4 mg/Kg b.wt. colchi-

cine according to Anwar et al. (1994). 

Metaphase chromosomes from bone mar-

row were prepared according to Rabellow-

Gay and Ahmed (1980) and were stained 

with Giemsa (10%). Fifty metaphase 

spreads/treatment were checked and 

chromosomal aberrations were scored 

using a standard light microscope.  

Biochemical studies  

a. Liver total protein 

Liver samples were mixed from 

five rats/treatment, then 250 mg of the 

mix were homogenized according to El-

Fadly et al. (1990) for total protein pro-

files. Total protein banding patterns were 

separated electrophoretically using SDS-

discontinuous gel as slabs (4% and 7.5% 

for stacking and separating gels, respec-

tively) according to Laemmli (1970). The 

gel was placed in staining solution con-

taining Commassie Brilliant blue-R250 as 

a protein chromocouple reagent, then it 

was transferred to the destaining solution 

twice until background became clear. 

b. Blood serum isozymes 

Blood samples were collected and 

the sera were separated according to Ab-

del-Wahhab et al. (2007) for isozymes 

analysis. Continuous standard slabs of 

7.5% polyacrylamide gel were used for 

isozyme determination of esterases, perox-

idase, acid phosphatase and alkaline phos-

phatase enzymes. The gel was stained for 

esterases and peroxidase activities accord-

ing to Scandalios (1964), while, acid 

phosphatase and alkaline phosphatase 

were detected as described by Ahmed 

(1994).  
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Statistical analysis 

The data were presented as means 

± standard deviation (SD). Analysis of 

variance was conducted using a one-way 

ANOVA test followed by Student’s t-test 

using SPSS computer program (version 

9.0).  

RESULTS AND DISSECTION 

Chromosomal abnormalities  

Table (1) presents the numbers and 

types of chromosomal aberrations induced 

in rat bone marrow cells after feeding rats 

for 45 days on the treatments of aflatoxin, 

chitosan and combination between them. 

The results revealed that all of the applied 

treatments induced both structural and 

numerical chromosomeal aberration. Ten 

types of structural chromosomal aberra-

tions were observed. They were chromatid 

deletions (D), fragments (F), rings (R), 

centric fusions (CF), centric separations 

(CS), endomitosis (EM), end to end asso-

ciations (E), chromatid breaks (B),  chro-

matid gaps (G) and stickiness (S).  

The results indicated that the high-

est average number of chromosomal aber-

rations (8.64) was detected as a result of 

aflatoxin treatment. The induced aberra-

tions by this treatment were highly signif-

icantly different from the control group 

(1.45). These results agree well with the 

earlier findings of Anwar et al. (1994), 

who reported that chromosomal aberra-

tions and micronuclei were significantly 

increased in rats treated with AFB1 at 

doses above 0.1 μg/g compared to the 

control group. These results were also 

supported by Ezz El-Arab et al. (2006) 

who found that oral administration for 2 

months with 1 μg/kg b.wt/day of 

aflatoxins induced structural and numeri-

cal chromosomal aberrations in bone mar-

row and germ cells of male mice which 

differ significantly from the control group 

(p ≤ 0.05). Shen et al. (1994) suggested 

that oxidative damages caused by AFB1 

may be one of the underlining mecha-

nisms for AFB1-induced cell injury and 

DNA damage, which eventually lead to 

tumorigenesis.  

The average number of aberrations 

induced by chitosan treatment (3.45) did 

not differ significantly as compared to the 

control. On the other hand, treatment with 

combination of aflatoxin and chitosan 

(average number of 2.64) showed clearly 

positive effect for reducing the injury ef-

fect of either chitosan or aflatoxin when 

applied separately. Thus, the presence of 

chitosan with aflatoxin significantly re-

duces the side effects of aflatoxin.  

Cytological examination of the 

chromosomal aberrations induced in rat 

bone marrow cells after feeding rats for 90 

days on the treatments of aflatoxin, chi-

tosan and combination between them are 

shown in Table (2). The same types of 

structural chromosomal aberrations seen 

in the first experiment were observed ex-

cept for the ring (R) type of aberrations.  

Figure (1) showed the different 

types of chromosomal abnormalities in-

duced as results of 45 and 90 days treat-
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ments which were manifested in Tables (1 

and 2). 

The results indicated that aflatoxin 

has side effects on chromosomes and the-

se effects were highly significant than 

control. The average number of aberra-

tions induced by aflatoxin was 8.27. There 

were also significant differences between 

control (1.81) and chitosan treated rats 

(3.09). These significant differences were 

not observed after 45 days of treatment. 

This can be attributed to the long exposure 

to chitosan. It can be noticed that the pres-

ence of chitosan with aflatoxin (average 

number of 3.36) has positive effect on 

repairing the injury of the chromosomes 

and decrease the side effects of aflatoxin, 

which means that chromosomal aberra-

tions induced by aflatoxin were sup-

pressed by the presence of chitosan. These 

results suggested that chitosan itself 

caused a mutagenic effect, while in the 

presence of aflatoxin, it promoted DNA 

repair activity and resulted in an 

antimutagenic effect. The results of the 

effect of chitosan and its side effects did 

not agree with Koo et al. (2002) and Chen 

et al. (2006), who reported that chitosan 

was able to protect normal cells against 

apoptosis challengs. Similar results were 

reported by Anraku et al. (2011), who 

reported that chitosan was found to protect 

cells from the damaging effects of oxygen 

radicals. 

The reduction of the aflatoxin side 

effects may due to chitosan which has 

adsorption properties to adsorb the toxin 

or has antioxidant properties to protect 

oxidative damages of aflatoxin. This is 

consistent with the conclusions of Lee et 

al. (2001) and Coulombe et al. (2005), 

who reported that since lipid peroxidation 

plays a major role in the toxicity of AF, a 

protective effect of antioxidants is possi-

ble. This also agreed well with the results 

of Sugiyama et al. (2002), who reported 

that chlorophyllin fixed on chitosan (chl-

chitosan), which is insoluble in water, can 

efficiently and tightly trap polycyclic 

compounds; e.g., aflatoxin B1. These re-

sults were also supported by Khodagholi 

et al. (2010) who decided that chitosan, an 

antioxidant oligosaccharide, is a protective 

agent against H2O2/FeSO4-induced cell 

death in the NT2 neural cell line. Abdel-

Aziem et al. (2011) evaluated the 

chemopreventive effects of carboxymethyl 

chitosan (CMC) against carbon tetrachlo-

ride (CCl4)-induced genotoxicity in male 

Balb/c mice. They concluded that both the 

low and high doses of CMC significantly 

(p<0.01) reduced the percentages of aber-

rant cells compared to the control group in 

a dose dependent manner.  

Biochemical parameters 

a. SDS-PAGE of liver protein 

In order to study the effects of dif-

ferent treatments on total protein of liver, 

the protein banding patterns was evaluated 

following treatment with chitosan, 

aflatoxin and combination between them 

for 45 and 90 days (Fig. 2). It could be 

noticed that there were few differences 

between the different treatments and the 

control. 

http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Chitose+Sugiyama&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
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Corresponding to the banding pat-

terns of liver protein of rat fed for 45 days 

on aflatoxin (1.650 μg/kg diet), chitosan 

(0.5 g/kg b.wt.) and combination between 

them, eight different bands were exhibited 

in control group (2, 3, 4, 5, 6, 8, 9 and 11). 

Meanwhile, band No. 4 was absent as a 

result of chitosan treatment. In general the 

intensity of the separated bands in the 

control experiment was higher than those 

detected following chitosan application. 

On the other hand, four bands (2, 5, 6 and 

11) out of the eight detected bands follow-

ing the combined treatment exhibited the 

same intensity as in the control experi-

ment. It was noticeable that bands No. 4, 

5, 6 and 11 following aflatoxin treatment 

did not differ from the control, while the 

remaining bands increased in their intensi-

ty.  

When the rats were administrated 

for 90 days with the different external 

supplies of chitosan (0.5 g/kg b.wt.), 

aflatoxin (3.300 μg/kg diet) and combina-

tion between them, it was noticed that 

there were no differences between the 

control and all treatments in number of 

bands. However, bands of the chitosan 

and combination treatments exhibited 

higher intensity than in the control exper-

iment for bands No. 1, 2, 3, 4, 5, 6, 8, 9 

and 10. On the contrary, following 

aflatoxin treatment, the majority of the 

detected bands showed low intensity com-

pared to the control experiment. 

It could be concluded that the dif-

ferences between the control and other 

treatments were increased after 90 days of 

exposure compared to 45 days. It could be 

observed that the new bands No. 1, 7 and 

10 were presented, which were not present 

in the period of 45 days. On the other 

hand, some bands were very faint in some 

treatments in the 45 days while became 

very dark in the period of 90 days (No. 2, 

4, 8, 9 and 11). It could be concluded that 

the total protein increased after 90 days as 

shown by bands intensity.   

The present results agreed well 

with Verma and Nair (2004) who reported 

that oral administration of 25 and 50 mg 

of aflatoxin/mice/day for 45 days caused 

reduction in protein contents which could 

be due to formation of aflatoxin adduct. 

Abdel-Wahhab et al. (2007) reported that 

aflatoxin reaction in rat liver showed a 

significant decrease in total protein con-

tent. Denli et al. (2009) concluded that 

AFB1 decreased
 
the concentration of al-

bumin in broilers when treated with 1 mg 

of AFB1/kg diet for 42 days. The decline 

in protein concentration in the testis of 

aflatoxin-treated mice could be due to a 

decline in the protein biosynthesis by 

forming adducts with DNA, RNA and 

proteins, an inhibition of RNA synthesis 

or DNA-dependent RNA polymerase ac-

tivity, as well as degranulation of endo-

plasmic reticulum (Cullen and Newberne, 

1994; Groopman et al., 1996). 

b. Blood serum isozymes 

Activities of esterases, peroxidase, 

acid phosphatase and alkline phosphatase 

in serum were performed to study the ge-

netic effect of aflatoxin and chitosan on 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Denli%20M%22%5BAuthor%5D
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gene expression in rats after 45 days and 

90 days of treatments. 

b.1. Esterases isozymes (Est) 

Figure (3-Est) illustrates the 

esterases electrophoretic banding patterns 

in serum from rats treated with chitosan 

(0.5 g/kg b.wt.), aflatoxin with chitosan, 

aflatoxin alone (1.650 μg/kg diets and 

3.300 μg/kg diets for 45 and 90 days, re-

spectively) and control treatments. Two 

bands of esterases isozymes were ob-

served when rats were fed on different 

tretments for 45 and 90 days. The results 

indicated that aflatoxin treatment (lane 4 

and 8) increased the intensity of band No. 

2 than the control (1 and 5, respectively) 

for both experiments of 45 and 90 days. 

However, band intensity was decreased in 

chitosan treatment (lane 2 and 6) com-

pared to the control. After the combined 

treatment for 45 days (lane 3), the band 

intensity was decreased than the two sepa-

rate treatments, while after 90 days the in-

tensity was increased than chitosan treat-

ment but was less than that treated with 

aflatoxin.  

b.2. Peroxidase isozymes (Prx)  

The electrophorotic patterns of pe-

roxidase enzyme revealed marked differ-

ences in treated rats with chitosan (0.5 

g/kg b.wt.), aflatoxin with chitosan and 

aflatoxin (1.650 μg/kg diets and 3.300 

μg/kg diets after 45 and 90 days, respec-

tively) compared to the control treatment 

as shown in Fig. (3-Prx). It can be clearly 

observed that the intensity of bands was 

greatly decreased compared to the control 

as a result of the three different treatments 

for either 45 or 90 days. 

b.3. Acid phosphatase isozymes (Acph) 

Figure (3-Acph) shows the changes 

in the activity of acid phosphatase 

isozymes after 45 and 90 days of treating 

rats with different treatments. Four bands 

were observed in both the periods; 45 and 

90 days. For experiment of 45 days, bands 

No. 1 and 2 did not differ than control in 

its intensity, while band No. 3 was very 

faint in the combination and aflatoxin 

treatments. On the other hand, the intensi-

ty of band No. 4 was the same in the con-

trol and chitosan treatment, while was 

increased in aflatoxin treatment. The in-

tensity of this band was decreased in the 

combined treatment than the control and 

the single treatments. Corresponding to 

the experiment of 90 days, three bands 

(No. 1, 2 and 3) with the same activities 

were seen in all treatments as well as the 

control. Band No. 4 was increased in in-

tensity in aflatoxin treatment than the con-

trol and other treatments, while chitosan 

treatment has the lowest intensity after 90 

days of administration. It is clear that the-

se results were similar to the activity of 

esterases isozymes.  

These results were in agreement 

with those of Rastogi et al. (2001) who 

reported that the administration of 

aflatoxin B1 (2 mg/kg intraperitoneally) 

for six weeks to rats caused significant 

elevations in the levels of acid phospha-

tases. Verma and Nair (2001) found that 

the activity of acid phosphatase was sig-

nificantly increased in the testis of adult 
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male albino mice orally administered with 

25 or 50 g of aflatoxin/animal/day (750 or 

1500 g/kg b.wt.) for 45 days. This rise in 

acid phosphatase activity in liver was 

dose-dependent (Verma and Nair, 2004).  

b.4. Alkline phosphatase isozymes (Aph) 

The alkaline phosphatase isozymes 

in serum of rats treated with chitosan, 

aflatoxin and combined treatments were 

also investigated after 45 and 90 days 

(Fig. 3-Aph). The results revealed six 

common bands for the control and other 

treated samples after either 45 or 90 days. 

With respect the experiment at 45 days, it 

could be noted that the intensity of band 

No. 6 in the aflatoxin treatment was de-

creased followed by treatment of chitosan 

in comparison to the control. However, 

the combined treatment exhibits the high-

est decline in the intensity of this band of 

alkaline phosphatase. These results were 

similar to esterases and acid phosphatase 

isozymes. After 90 days, an increase in the 

intensity of band No. 6 was noticed for 

aflatoxin treatment followed by the com-

bined treatment then chitosan treatment 

compared to the control.  

Mehta et al. (1993) reported that 

the treated male Fischer 344 rats with 250-

600 µg/kg AFB1 exhibited an increase in 

serum levels of alkaline phosphatase. 

However, at 100 µg/kg AFB1, these levels 

remained at the control levels. The studies 

of Rastogi et al. (2001) and Preetha et al. 

(2006) indicated that administration of 

aflatoxin B1 to rats (2 mg/kg and 1 mg/kg 

body mass, respectively) was found to 

significantly increase the levels of alkaline 

phosphatases in the rats serum. Moreover, 

Denli et al. (2009) found that the treat-

ment with 1 mg of AFB1/kg feed; for 42 

days, increased the serum activity of alka-

line phosphatase in broiler chicks. On the 

other hand, Lee et al. (2003) reported that 

alkaline phosphatase activity was signifi-

cantly increased in primary rat calvarial 

cells in vitro as a result of chitosan treat-

ments. 

Based on all the previous results, it 

could be concluded that chitosan has an 

antimutagenic effects against cytological 

and biochemical changes induced by 

aflatoxin. 

SUMMARY 

The purpose of this study was to 

investigate the possible antimutagenic 

effects of chitosan against genotoxic ef-

fects induced by aflatoxin in different 

mammalian cell systems. The chromoso-

mal abnormalities in bone marrow cells as 

well as liver total proteins and blood se-

rum isozymes in male rats were assayed 

after 45 and 90 days of treatments. The 

results indicated that aflatoxin significant-

ly (p<0.01) increased chromosomal ab-

normalities in bone marrow cells after 

both of 45 and 90 days of treatments, 

while the effect of chitosan was signifi-

cant (p<0.05) only after 90 days of treat-

ment. Treating rats with aflatoxins con-

taminated diet in addition to chitosan re-

sulted in a significant decrease in chromo-

somal aberrations compared to the single 

treatments for both experimental periods. 

The results of electrophoretic separation 

of total protein and isozymes revealed the 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=chromosomal+aberrations
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=chromosomal+aberrations
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presence of some bands with higher inten-

sity in aflatoxin group, while it was less 

for the combined treatments compared to 

the corresponding bands of the control 

group. The results suggested that chitosan 

has an antimutagenic effect against 

aflatoxin.  

REFERENCES 

Abdel-Aziem, S. H., A. M. Hassan, A. S. 

Salman, A. I. Waly and M. A. Ab-

del-Wahhab (2011). Genetic altera-

tions and gene expression profile in 

male Balb/c mice treated with car-

bon tetrachloride with or without 

carboxymethyl chitosan. Journal of 

American Science, 7: 7-17. 

Abdel-Wahhab, M. A. and S. E. Aly 

(2003). Antioxidants and radical 

scavenging properties of vegetable 

extracts in rats fed aflatoxin con-

taminated diet. J. Agric. Food 

Chem., 51: 2409-2414. 

Abdel-Wahhab, M. A. and S. E. Aly 

(2005). Antioxidant property of 

Nigella sativa (Black cumin) and 

Syzygium aromaticum (Clove) in 

rats during aflatoxicosis. J. Appl. 

Toxicol., 25: 218-223. 

Abdel-Wahhab, M. A., M. M. Abdel-

Galil, A. M. Hassan, N. H. Hassan, 

S. A. Nada, A. Saeed and M. M. 

El-Sayed (2007). Zizyphus spina-

christi extract protects against 

aflatoxin B1-intitiated hepatic car-

cinogenicity. Afr. J. Trad., CAM 4: 

248-256.  

Ahmed, E. S. E. (1994). The parallel re-

sponse of enzyme loci in Drosophi-

la and yeast to the environmental 

stresses of pollutants. MSc. Thesis. 

Fac. of Agric., Ain Shams Univ. 

Amstad, P., A. Levy, L. Emerit and P. 

Cerutti (1984). Evidence for mem-

brane-mediated chromosomal 

damage by AFB1 in human lym-

phocytes. Carcinogenesis, 5: 719-

723. 

Anraku, M., T. Fujii, Y. Kondo, E. Koji-

ma, T. Hata, N. Tabuchi, D. 

Tsuchiya, T. Goromaru, H. 

Tsutsumi, D. Kadowaki, T. 

Maruyama, M. Otagiri and H. 

Tomida (2011). Antioxidant prop-

erties of high molecular weight die-

tary chitosan in vitro and in vivo. 

Carbohydr. Polym., 83: 501-505. 

Anwar, W. A., M. M. Khalil and C. P. 

Wild (1994). Micronuclei, 

chromosomal aberrations and 

aflatoxin-albumin adducts in 

experimental animals after 

exposure to aflatoxin B1. Mutat. 

Res., 322: 61-67. 

Barnett, H. L. (1972). Illustrated genera of 

imperfect fungi. Minneapolis 

Burgess Publishing. pp. 241. 

Booth, C. (1977). Fusarium, laboratory 

guide to identification of the major 

species. Common Wealth Myco-

logical Institute, Kew, England.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Anwar%20WA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khalil%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wild%20CP%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mutat%20Res.');
javascript:AL_get(this,%20'jour',%20'Mutat%20Res.');


ANTIMUTAGENIC EFFECTS OF CHITOSAN IN RATS 116 

Chen, Q., S. Q. Liu, Y. M. Du, H. Peng 

and L. P. Sun (2006). 

Carboxymethyl-chitosan protects 

rabbit chondrocytes from interleu-

kin-1beta-induced apoptosis. Euro-

pean J. of Pharmacology, 541: 1-8. 

Coulombe, R. A., J. A. Guarisco, P. J. 

Klein and J. O. Hall (2005). Chem-

oprevention of aflatoxicosis in 

poultry by dietary butylated 

hydroxytoluene. Animal Feed Sci-

ence and Technology, 121: 217-

225. 

Cullen, J. M. and P. M. Newberne (1994). 

Acute hepatotoxicity of aflatoxins. 

In: Eaton DL, Groopman JD, edi-

tors. Toxicol Aflatoxins. San Die-

go, California: Academic Press; p 

3-26. CF, Verma, R. J. and Nair, A. 

(2001). Vitamin E ameliorates 

aflatoxin-induced biochemical 

changes in the testis of mice. Asian 

J. Androl., 3: 305-309. 

Czapek, F. (1902). Chem. Physiol. 

Pathol., 1: 540. 

Denli, M., J. C. Blandon, M. E. Guynot, S. 

Salado and J. F. Perez (2009). Ef-

fects of dietary AflaDetox on per-

formance, serum biochemistry, 

histopathological changes, and 

aflatoxin residues in broilers ex-

posed to aflatoxin B(1). Poult Sci., 

88: 1444-1451. 

Eaton, D. L. and E. P. Gallagher (1994). 

Mechanisms of aflatoxin carcino-

genesis. Annual Rev. Pharmacol. 

Toxicol., 34: 135-714. 

El-Bazza, Z. E., H. H. Zedan, M. A. 

Toama and O. M. El-Tayeb (1982). 

Isolation of aflatoxin-producing 

fungi from Egyptian food and feed 

commodities. Proc. Int. Symb. 

Mycotoxins, Cairo, p. 443-454. 

El-Fadly, G., S. Sidaros and A. A. Dif 

(1990). Effect of bavistin on gene 

expression and yield components 

of faba bean (Vicia faba) infected 

with broad bean strain virus. Proc. 

3
rd

 Conf. Agric. Dev. Res., Fac. 

Agric., Ain Shams Univ., Cairo, 

Egypt. 

Ezz El-Arab, A. M, S. M. Girgis, E. M. 

Hegazy and A. B. Abd El-Khalek 

(2006). Effect of dietary honey on 

intestinal microflora and toxicity of 

mycotoxins in mice. BMC Com-

plementary and Alternative Medi-

cine, 6: 6. 

Gilman, J. C. (1957). A manual of soil 

fungi. Iowa State Univ. Press, 

Ames, Iowa USA, pp.450.  

Groopman, J. D., J. S. Wang and P. Scholl 

(1996). Molecular biomarkers for 

aflatoxins: from adducts to gene 

mutations to human liver cancer. 

Can J Physiol Pharmacol  74: 203-

9. c.f Verma, R.J. and Anita Nair 

(2001). Vitamin E ameliorates 

aflatoxin-induced biochemical 

changes in the testis of mice. Asian 

J Androl., 3: 305-309. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Denli%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blandon%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guynot%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salado%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Perez%20JF%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Poult%20Sci.');


G. A. B. EL-FADLY et al. 

 

117 

Hengstler, J. G., B. Van der Burg, P. 

Steinberg and F. Oesch (1999). In-

terspecies differences in cancer 

susceptibility and toxicity. Drug 

Metab. Rev., 31: 917-970.  

Hongpattarakere, T. and O. Riyaphan 

(2008). Effect of deacetylation 

conditions on antimicrobial activity 

of chitosans prepared from cara-

pace of black tiger shrimp 

(Penaeus monodon). 

Songklanakarin J. Sci. Technol., 

30: 1-9. 

Huwig, A., S. Freimund, O. Käppeli and 

H. Dutler (2001). Mycotoxin 

detoxication of animal feed by dif-

ferent adsorbents. Toxicology Let-

ters., 122: 179-188. 

Khanafari, A., R. Marandi and S. Sanatei 

(2008). Recovery of chitin and chi-

tosan from shrimp waste by chemi-

cal and microbial methods. Iranian 

Journal of Environmental Health 

Science and Engineering, 5: 19-24. 

Khodagholi, F., B. Eftekharzadeh, N. 

Maghsoudi and P. F. Rezaei 

(2010). Chitosan prevents oxida-

tive stress-induced amyloid beta 

formation and cytotoxicity in NT2 

neurons: involvement of transcrip-

tion factors Nrf2 and NF-kappaB. 

Mol. Cell Biochem., 337: 39-51.  

Kim, Y. H., H. S. Bom, J. Y. Kim and Y. 

B. Roh (1997). The effect of calci-

um and chitosan metabolism to the 

excretion of radiostrontium in 

mice. J. Kor. Asso. Radiat. Prot., 

22: 9-14.  

Kim, Y. H., H. S. Bom, K. Y. Kim, H. K. 

Kim and J. Y. Kim (1999). Inhibi-

tory effect of chitosan on the milk 

transfer of radiostrontium from 

contaminated mice to their 

sucklers. Kor. J. Chitin Chitosan., 

4: 15-18.  

Koo, H. N., H. J. Jeong, S. H. Hong, J. H. 

Choi, N. H. An and H. M. Kim 

(2002). High molecular weight wa-

ter-soluble chitosan protects 

against apoptosis induced by serum 

starvation in human astrocytes. 

Journal of Nutritional Biochemis-

try, 13: 245-249. 

Laemmli, U. K. (1970). Cleavage of struc-

tural protein during assembly of 

head bacteriophage T4. Nature, 

227: 680-685. 

Lee, S. E., B. C. Campbell, R. J. 

Molyneux, S. Hasegawa and H. S. 

Lee (2001). Inhibitory effects of 

naturally occurring compounds on 

aflatoxin B(1) biotransformation. J. 

Agric. Food Chem., 49: 5171-

5177. 

Lee, J. H., J. C. Kim, O. S. Kim, Y. J. Kim 

and H. J. Chung (2003). Effect of 

chitosan on primary rat calvarial 

cell. The Preliminary Program for 

the 22
nd

 Annual Meeting of the 

IADR Korean Division (December 

12, 2003). 

http://www.sciencedirect.com/science/journal/03784274
http://www.sciencedirect.com/science/journal/03784274
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235177%232001%23998779997%23254276%23FLA%23&_cdi=5177&_pubType=J&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fe33896f108c5efae841126a62aedb47
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khodagholi%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eftekharzadeh%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maghsoudi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rezaei%20PF%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Cell%20Biochem.');
http://pubget.com/search?q=authors%3A%22S%20E%20Lee%22
http://pubget.com/search?q=authors%3A%22B%20C%20Campbell%22
http://pubget.com/search?q=authors%3A%22R%20J%20Molyneux%22
http://pubget.com/search?q=authors%3A%22S%20Hasegawa%22
http://pubget.com/search?q=authors%3A%22H%20S%20Lee%22
http://pubget.com/search?q=authors%3A%22H%20S%20Lee%22
http://pubget.com/paper/11714299
http://pubget.com/paper/11714299
http://pubget.com/paper/11714299
http://pubget.com/search?q=latest%3AJournal+of+Agricultural+and+Food+Chemistry&from=11714299
http://pubget.com/search?q=latest%3AJournal+of+Agricultural+and+Food+Chemistry&from=11714299
http://pubget.com/search?q=issn%3A0021-8561+vol%3A49+issue%3A11&from=11714299
mailto:istandin@hanmail.net
http://iadr.confex.com/iadr/korea03/preliminaryprogram/index.html
http://iadr.confex.com/iadr/korea03/preliminaryprogram/index.html
http://iadr.confex.com/iadr/korea03/preliminaryprogram/index.html
http://iadr.confex.com/iadr/korea03/preliminaryprogram/index.html


ANTIMUTAGENIC EFFECTS OF CHITOSAN IN RATS 118 

Mehta, R., J. S. Campbell, G. W. Laver, 

R. Stapley and R. Mueller (1993). 

Acute hepatic response to aflatoxin 

B1 in rats fed a methyl-deficient, 

amino acid-defined diet. Cancer 

Lett., 69: 93-106. 

Preetha, S. P., M. Kanniappan, E. 

Selvakumar, M. Nagaraj and P. 

Varalakshmi (2006). Lupeol ame-

liorates aflatoxin B1-induced 

peroxidative hepatic damage in 

rats. Comp. Biochem. Physiol. C 

Toxicol. Pharmacol., 143: 333-339.  

Rabellow-Gay, M. N. and A. E. Ahmed 

(1980). Acrylonitrile: in-vitro cy-

togenesis studies in mice and rats. 

Mutat. Res., 79: 249-255. 

Rastogi, R., A. K. Srivastava and A. K. 

Rastogi (2001). Biochemical 

changes induced in liver and serum 

of aflatoxin B1-treated male wistar 

rats: preventive effect of picroliv. 

Pharmacology & Toxicology, 88: 

53-58. 

Scandalios, J. G. (1964). Tissue-specific 

isozyme variations in maize. J. of 

Heredity, 55: 281-285. 

Shahidi, F., J. K. V. Arachchi and Y. J. 

Jeon (1999). Food applications of 

chitin and chitosans. Trends Food 

Sci. Technol., 10: 37-51. 

Shen, H. M., C. Y. Shi, H. P. Lee and C. 

N. Ong (1994). Aflatoxin B1-

induced lipid peroxidation in rat 

liver. Toxicol Appl Pharmacol., 

127: 145-150. 

Shon, Y. H., Y. M. Ha, T. R. Jeong, C. H. 

Kim and K. S. Nam (2001). Modi-

fying action of chitosan oligosac-

charide on 2-amino- 3,8- 

imethylimidazo [4,5-f] quinoxaline 

(MeIQx)-induced mutagenesis. 

Journal of Biochemistry and Mo-

lecular Biology, 34: 90-94. 

Stubblefield, R. D., O. L. Shotwell, C. W. 

Hesseltine, M. L. Smith and H. H. 

Hall (1967). Production of 

Aflatoxin on Wheat and Oats: 

Measurement with a Recording 

Densitometer. Applied Microbiol-

ogy, 15: 186-190. 

Sugiyama, C., N. Nakandakari, H. 

Hayatsu and S. Arimoto-Kobayashi 

(2002). Preventive effects of 

chlorophyllin fixed on chitosan to-

wards DNA adduct formation of 3-

Amino-1-methyl-5H-pyrido[4,3-

b]indole in CDF1 Mice. Biol. 

Pharm. Bull., 25: 520-522. 

Van Rensburg, S. J., P. Cook-Mozaffari, 

D. J. Van Schalwyck, J. J. Van der 

Watt, T. J. Vincent and I. F. Pur-

chase (1985). Hepatocellular carci-

noma and dietary aflatoxin in 

Mozambique and Transkei. Br. J. 

Cancer, 51: 713-726. 

Verma, R. J. and A. Nair (2001). Vitamin 

E ameliorates aflatoxin-induced bi-

ochemical changes in the testis of 

mice. Asian J. Androl., 3: 305-309. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mehta%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Campbell%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laver%20GW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stapley%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mueller%20R%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cancer%20Lett.');
javascript:AL_get(this,%20'jour',%20'Cancer%20Lett.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Preetha%20SP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kanniappan%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Selvakumar%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagaraj%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Varalakshmi%20P%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Comp%20Biochem%20Physiol%20C%20Toxicol%20Pharmacol.');
javascript:AL_get(this,%20'jour',%20'Comp%20Biochem%20Physiol%20C%20Toxicol%20Pharmacol.');
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Rastogi+R%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Srivastava+AK%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Rastogi+AK%22+SORT_DATE:y
http://ukpmc.ac.uk/search/?page=1&query=JOURNAL:%22Pharmacol+Toxicol%22+SORT_DATE:y
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shen%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shi%20CY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20HP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ong%20CN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ong%20CN%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Toxicol%20Appl%20Pharmacol.');
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Chitose+Sugiyama&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Namiko+Nakandakari&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Hikoya+Hayatsu&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Sakae+Arimoto-Kobayashi&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds


G. A. B. EL-FADLY et al. 

 

119 

Verma, R. J. and A. Nair (2004). Vitamin 

E ameliorates aflatoxin-induced 

hyperglycaemia in mice. Journal of 

Tissue Research, 4: 131-136.  

Yeh, F. S., M. C. Yu, C. C. Mo, S. Luo, 

M. J. Tong and B. J. Herderson 

(1989). Hepatitis B virus, 

aflatoxins and hepatocellular carci-

noma in southern. Guangxi, China. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cancer Res., 49: 2506-2509. 

Yoon, H. J., H. S. Park, H. S. Bom, Y. B. 

Roh, J. S. Kim and Y. H. Kim 

(2005). Chitosan oligosaccharide 

inhibits 203HgCl2-induced 

genotoxicity in mice: micronuclei 

occurrence and chromosomal aber-

ration. Arch. Pharm. Res., 28: 

1079-1085. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoon%20HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park%20HS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bom%20HS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roh%20YB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20YH%22%5BAuthor%5D


ANTIMUTAGENIC EFFECTS OF CHITOSAN IN RATS 120 

Table (1): Chromosomal aberrations induced in bone marrow cells after treating rats for 45 days with chitosan, aflatoxin and combined 

treatments.  
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Average No. of 
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± S.D 

Control 50 14 2 5 0 0 0 0 0 4 1 4 - 16 1.45 ± 1.97 

Chitosan 50 21 11 1 0 0 1 0 1 8 7 1 8 38 3.45 ± 4.13 

Aflatoxin 50 45 19 24 3 2 12 1 3 8 4 10 9 92 8.64 ± 7.38** 

Chit+AF 50 24 6 0 0 1 1 1 0 9 4 7 0 29 2.64 ± 3.29 

(**) indicate highly significant differences, compared to control proup (t-test). 

 

Table (2): Chromosomal aberrations induced in bone marrow cells after treating rats for 90 days with chitosan, aflatoxin and combined 

treatments. 
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Control 50 18 8 0 0 0 0 1 3 0 6 2 20 1.81 ± 2.79 

Chitosan 50 26 10 4 1 4 2 1 4 1 6 1 34 3.09 ± 2.95* 

Aflatoxin 50 44 23 9 3 7 4 3 15 6 10 11 91 8.27 ± 6.50** 

Chit+AF 50 30 10 6 0 4 0 2 3 1 4 7 37 3.36 ± 3.26 

(*) and (**) indicate significant and highly significant differences; respectively, compared to control proup (t-test). 
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Fig. (1): Micrograph of different types of chromosomal aberrations induced 

in rat bone marrow cells as a result of different treatments with chi-

tosan, aflatoxin and combination treatments. (a) Metaphase spread 

from boon marrow cells of control grpup, (b) Deletion and end-to-

end associations, (c) Deletion and fragment, (d) Centric fusion, (e) 

Centric separation, (f) Gap, (g) Endomitosis with fragment and 

break, (h) Fragment and stickiness, (i) 41 chromosome with 

centromeric separation. 

 



ANTIMUTAGENIC EFFECTS OF CHITOSAN IN RATS 122 

 

Fig. (2): Electrophoretic banding pat-

terns of total proteins from 

rat liver treated for 45 and 90 

days with chitosan, combina-

tion and aflatoxin treatments 

(lane 2,3,4 & lane 6,7,8 re-

spectively) as well as control 

(lane 1 & 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3): Electrophoretic banding patterns of esterase (Est), peroxidase 

(Prx), acid phosphatase (Acph) and alkline phosphatase (Aph) in 

blood serum of rats treated for 45 and 90 days with chitosan, 

combination and aflatoxin treatments (lane 2, 3, 4 & lane 6, 7, 8, 

respectively) as well as control (lane 1 & 5, respectively). 


