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Mycotoxins are biologically active secondary fungal metabolites they pose a 

major risk, leading to acute and chronic exposures for human and animal’s 

health. Hepatocyte cells are an important in metabolic pathways and play a 

major target site for these toxins for this reason we used the HepG2 cell line 

in our study to investigate the cytotoxicity of aflatoxin B1, gliotoxin, 

fumonisin B1, and zearalenone isolated and purified from local Iraqi fungal 

isolates, prepared at the same starting concentration, and tested on human 

hepatocellular carcinoma HepG2 cell line using neutral red assay, cytotoxic 

effect showed a dose dependent inhibition rate increased with the increase of 

mycotoxins concentration but this increase was significantly higher for 

aflatoxin B1 treated cells (p< 0.05) ranged between 96.7 at maximum 

concentration 125ng\ml to 1.3% when HepG2 treated with lower 

concentration 0.12 ng/ml, at the other hand zearalenone showed the lower 

inhibition rate when compared with other mycotoxin used in present study 

ranged between 77-0.12%. All the mycotoxins used in this study showed 

cytotoxic effect against HepG2 cell line with a significant difference between 

them. The latter observation in particular raises concerns over safety margins 

based on toxin species, and suggests that the effects of it need to be better 

understood to assess health risks. 

 
                   Copy Right, IJAR, 2013,. All rights reserved.

 

1. Introduction   

Mycotoxins are secondary metabolites of microscopic filamentous molds that have adverse effects on humans, 

animals, and crops that result in illnesses and economic losses[1]. All mycotoxins are low molecular weight natural 

products produced as secondary metabolites by filamentous fungi[2]. These metabolites constitute a toxigenically 

and chemically heterogeneous assemblage that are grouped together only because the members can cause disease 

and death in human beings and other vertebrates[3]. Mycotoxins are not only hard to define, they are also 

challenging to classify, due to their diverse chemical structures and biosynthetic origins[4], their myriad biological 

effects, and their production by a wide number of different fungal species Aspergillus flavus, Aspergillus fumigatus, 

Fusarium verticillioides and Fusarium graminearum [5,6,7], thus, mycotoxins can be classified as hepatotoxins, 

nephrotoxins, neurotoxins, immunotoxins, and so forth [8,9]. Cell biologists put them into generic groups such as 

teratogens, mutagens, carcinogens, and allergens [10].   

Gauthier et al., [11] used a neutral red method as a simple and cheap method and gave a clear results of mycotoxin 

toxicity, so we suggested this method to study the cytotoxicity of mycotoxins in vitro. Toxic effect of mycotoxin 

that are obviously naturally occurring, yet are neglected at the present time in human and animal risk assessment.  

The objective of this study was to assess cytotoxic effects of aflatoxin B1, gliotoxin, fumonisin B1, and 

zearalenone on human hepatocellular carcinoma HepG2 cell line in vitro using neutral red assay, concentrations of 

some mycotoxins were about 10 times lower than the concentrations of the other mycotoxins as it naturally occurs in 

real practice, also to conduct this work as a first study in Iraq to measure the cytotoxic effect of mycotoxins isolated 

and purified from local pollutants fungal isolates in Iraq against HepG2 cell line in vitro. 

http://www.journalijar.com/
http://en.wikipedia.org/wiki/Hepatocellular_carcinoma
http://en.wikipedia.org/wiki/Hepatocellular_carcinoma
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2. Materials and methods 
Toxins. mycotoxins in present study purified from fugal isolates, which isolated from granaries of the ministry 

of agriculture-Iraq. Isolation and identification of fungal isolates cultured done on Sabouraud dextrose agar(SDA) at 

25-37°C to prepared the isolates for mycotoxin purification steps.   Aflatoxin B1 purified from Aspergillus flavus 

according to Jesus et al, [12], gliotoxin purified from Aspergillus fumigatus according to Dheeb, [13], Fumonisin B1 

purified Fusarium verticillioides according Fumo Prep et al, [14], and zearalenone  was purified according to Ware 

GM et al, [15] from Fusarium graminearum. After purification high performance liquid chromatography (HPLC) 

used to diagnose the mycotoxin to its standard, standard provided from Sigma-Aldrich.  

Stock solution of mycotoxins were prepared by dissolving proper amount of these toxin in DMSO to prepare 

250 ng/ml stock solution of each mycotoxin then stored at -20 , then working dilutions were made by culture 

medium immediately when used. 

   Culture of  HepG2 cell line. Human hepatocellular carcinoma HepG2 cell line [16]. The cytotoxicity assay done at 

Animal Cell Culture lab/ Biotechnology Research Centre/ AL-Nahrain University. Cells were cultured in DMEM 

media  supplemented with 10% fetal bovine serum, L-glutamine, Non essential amino acids, HEPES, Sodium 

Bicarbonate, streptomycin  and penicillin.  Cell line grown as a monolayer in humidified 5% CO2 incubator at 37°C. 

The experiments were performed when cells were healthy, active and at logarithmic phase of growth [17].   

Cytotoxicity assay. To detect the growth inhibition of HepG2 cell line, culture of this cell line was incubated 

with different concentrations of each mycotoxin, eleven concentrations used as follows (125, 62.5, 31.25, 15.62, 

7.81, 3.9, 1.95, 0.97, 0.48, 0.24, and 0.12 ng/ml) used in a triplicate form of each toxin to investigate its cytotoxic 

effect respectively. Negative control was achieved by incubating HepG2 cell line with the culture medium. 

Neutral red assay. In order to provide a reliable basis for the cytotoxic effects of mycotoxin, it was first 

necessary to assess the individual effects of mycotoxins [18]. After elapsing the incubation period, withdrawal the 

old medium, the plates washed with PBS then 100µl/well of freshly prepared neutral red dye were added to each 

well then plates incubated for 2 hrs, viable cells will uptake the dye and the dead not, the plates washed by PBS to 

remove the excess dye, then 100µl/well of eluent buffer were added to each well for withdrawal the dye from the 

viable cells. Optical density for the plates were measured by using ELISA reader at 492nm wave length [19,20].  

Percentage of the inhibitory rate was measured according to the formula [21] as follows:        

                                                       

I.R %  =                                                             × 100  

 

 

Statistical Analysis. The obtained results (The values of the investigated parameters were given in terms of 

mean ± standard error) were statistically analyzed using Duncan’s multiple range test in SAS software (version 

17;SAS Inc., Chicago,IL, USA). The level of significance was P >0.05 [22]. 

3. Results  
Cytotoxic Effect of  Aflatoxin B1. The percentage of aflatoxin B1 growth inhibition values obtained by the neutral 

red assay represented in Figure (1) appeared that after 24 hours incubation growth inhibition of HepG2 cell line was 

increased with the increase of aflatoxin B1 concentration when compared with the negative control. Aflatoxin B1 

has significant differences of cytotoxic effect on HepG2 cell line (P˂0.05), 96.7%, 82%, 71%, 60%, 40%, 22%, 

17%, 9%, 5%, 3%, 1.3% these percentage of growth inhibition rate were showed at concentrations 125, 62.5, 31.25, 

15.62, 7.81, 3.9, 1.95, 0.97, 0.48, 0.24, and 0.12 ng/ml respectively. 

 

 

 

 

 

 

O.D. of control 

O.D. of control - O.D. of test 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ware%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=10028676
http://www.ncbi.nlm.nih.gov/pubmed?term=Ware%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=10028676
http://www.ncbi.nlm.nih.gov/pubmed?term=Ware%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=10028676
http://en.wikipedia.org/wiki/Hepatocellular_carcinoma
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FIGURE 1: Cytotoxic effect of purified Aflatoxin B1 from Aspergillus flavus on  HepG2  cell line after an 

incubation period of 24 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Cytotoxic Effect of gliotoxin. The analyses of effect of gliotoxin clearly indicates that significantly cytotoxic effect 

(P ˂ 0.05) was observed on growth of HepG2 cell line when incubated with these concentrations 125, 62.5, 31.25, 

15.62, 7.81, 3.9, 1.95, 0.97, 0.48, 0.24, and 0.12 ng/ml with growth inhibition percentage 88%, 69%, 51%, 43%, 

29%, 15%, 11%, 6%, 4%, 2.5% and 1%, respectively as shown in the Figure (2). Results showed that growth 

inhibition rate was a concentration dependent, there was increase in the inhibitory effect when compared with the 

negative control. 

 

FIGURE 2: Cytotoxic effect of purified Gliotoxin from Aspergillus fumigatus on  HepG2 cell line after 24 

hours incubation period. 

 

 

 

 

 

 

 

 

 

  

 

 

 

Cytotoxic Effect of Fumonisin B1. Clear cytotoxic effects were shown during the treatment of the HepG2 cells 

with different concentrations of fumonisin B1 (Fusarium verticillioides toxin), cytotoxic effect of individual toxin 

on the HepG2 cells was first determined by measuring the percentage of cell growth inhibition after incubation for 

24 hours. The cell growth inhibition was a dose dependent manner with statistically significant effects (P˂0.05) 

observed at the concentration ranged between 125 to 0.12 ng/ml Figure (3). Maximal effects were obtained at 125 

ng/ml, at which growth inhibition reach to 81% when compared with the negative control, while minimal cytotoxic 

effect 0.4% obtained when treated with 0.21ng\ml Fumonisin B1.  
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FIGURE 3: Cytotoxic effect of purified Fumonisin B from Fusarium verticillioides on  HepG2  cell line 

after an incubation period of 24 hours. 

 

 

 

 

 

 

 

 

 

 

  

 

 
Cytotoxic Effect of Zearalenone. Treatment of HepG2 with Zearalenone and determining their cytotoxic effects can 

provide useful information about the cytotoxic potential of Zearalenone. The data about cytotoxic activity of 

zearalenone is visible through the rate of growth inhibition, growth inhibition was a concentration dependent with 

statistically significant cytotoxic effects (P˂0.05), 77%, 59%, 43%, 32%, 21%, 11%, 7%, 3.5%, 1%, 0.61%, 0.1%  

growth  inhibition was shown when  HepG2 cells incubated with gradual concentrations of  Zearalenone, 125, 62.5, 

31.25, 15.62, 7.81, 3.9, 1.95, 0.97, 0.48, 0.24, and 0.12 ng/ml respectively Figure (4). 

FIGURE 4: Cytotoxic effect of zearalenone from Fusarium graminearum on  HepG2  cell line after 24 hours 

an incubation period. 

 

 

 

 

 

 

 

 

 

 

 

  

 
Comparison between the mean of the cytotoxic effect of Mycotoxins on HepG2 cell line. When comparing the four 

tested mycotoxins on HepG2 cell line statically, the results indicated  clear comparative cytotoxic effects against the 

HepG2 cell line when exposure to similar concentrations and same period of incubation after 24 hours and that 

effect was concentration dependent, however mean cytotoxic effect of these mycotoxins could be classified in 

increasing order of mean toxicity, we found that the toxicity aflatoxin B1> Fumonisin B1> zearalenone > gliotoxin 

observed Significant difference in cytotoxic effect (P˂0.05)  Figure (5). 

The present data demonstrated that all mycotoxins gave different percentage of cytotoxic profile in all 

concentrations, and its generally cleare cytotxicity of all mycotoxin increase gradually with the increase of studied 

concentrations. 
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FIGURE 5: comparison between the mean of cytotoxic effect Mycotoxins on HepG2 cell line after 24 hours 

incubation time. 

 

 

 

 

 

 

 

 

 

 

  

 

 

4.Discussion 
Cell culture can be a more sensitive and reproducible method for preliminary screening of toxicity of 

mycotoxins [23,24]. Cytotoxicity assays in general are able to detect many mycotoxins that potentially inhibit the 

biochemical activity of numerous animal or human cell cultures [25]. Several methods have been developed to 

assess the cytotoxicity induced by mycotoxins, like neutral red assay [26,27,28].  

 Aflatoxin B1. The effects of Aflatoxin B1 on cell are directly correlated with the concentration of and the duration 

of the exposure [29]. Aflatoxin B1 showed the highest inhibition rate of HepG2 cell line in vitro. This result may be 

due to Aflatoxin B1 is both lipid and water soluble, which enables it to pass easily through cell membrane and into 

cellular organelles[30]. The cytotoxic effect of Aflatoxin B1 observed in the present experiment is in line with some 

other ―in vitro‖ studies from the literature, [31,32,33]. These literatures results confirmed that toxicity of aflatoxin 

B1 attributed to number of biochemical parameters, such as binding to DNA, and inhibition of RNA and protein 

synthesis, it may be that the ease with which an aflatoxin interacts with a macromolecule, such as DNA, determines 

its biological and toxicological activity and bind covalently to macromolecules to form protein and DNA adducts 

[34]. 

The high percentage of growth inhibition may be due to Aflatoxin B1 interacted strongly with the cell, this 

result agreed with Corrier et al. [35] he studied  aflatoxin B1 in a similar manner to induce cytotoxic effects in 

normal human lymphocytes, and may be correlates with a study by Massy et al., [28] which showed that when 

immune cells were directly treated with Aflatoxin B1 cell proliferation and antibody formation were decreased. 

Gliotoxin. The biological activity of any chemical compound is based on active groups and  an internal bridge, 

gliotoxin have an internal disulfide bridge that can bind and inactivate proteins via a sulfide:thiol exchange [35]  

therefore the cytotoxic effect of gliotoxin maybe attributed to its disulfide bridge. The disulfide bridge allows the 

cross linking with proteins via cysteine residues and generate deleterious reactive oxygen species (ROS) through the 

redox cycling between the reduced and oxidized form. This mechanism of ROS generation is believed to be 

responsible for the toxicity of gliotoxin [36]. The ROS generated as a result was reported to facilitate the release of 

cytochrome c and apoptosis inducing factors from mitochondria, leading to caspase activation, as well as other 

events that mediate cell death [37]. 

 Cytotoxic effect of gliotoxin in our result may be attributed to that gliotoxin induce morphological changes in 

the cells, these changes in normal cell line are due to a loss in the adherence of the cells to their plastic 

container[38], which is  characteristic of an apoptotic process[39], this phenomenon has been described for gliotoxin 

on different cell types: thymocytes, lymphocytes, spleen cells, or macrophages [40]. Gliotoxin inhibited oxidative 

burst of human neutrophils, gliotoxin also causes damage to the ciliated respiratory epithelium in vitro and this 

property might assist A. fumigatus in the colonization of the respiratory mucosa . Furthermore,  Nierman [41]  have 

shown by the genome-wide gene expression profile analysis that gliotoxin genes are upregulated in germination 

during initiation of infection in mice [37]. 
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Fumonisin B1. Toxicity of  fumonisin B1 was represented by inhibition of cell growth,  this exhibition may be 

its act as proliferation enhancing and growth inhibiting effects [42,43,44] in a panel of cultured cell lines, and its 

characterized as a tumor initiator and a tumor promoter [45], these activities help us to explain the cytotoxic effect 

of fumonisin B1 in our results. The cytotoxic effect of fumonisin B1 may also due to  presence of an amino group 

and the location of the hydroxyl on the CI4/CI5of FBI may play an important role in both the toxic and cancer 

initiating activities of fumonisin B1. It has been shown that the presence of the amino group facilitates the 

conjugation of fumonisin B1 via gluteraldehyde to protein carriers [46].  

The mechanisms of fumonisin BI cytotoxicities are complex, it's possible to interpret these mechanisms 

through its activity as a competitive inhibitor of sphingosine and sphinganine N aceyltransferase, which are key 

components in the pathways for de novo biosynthesis of sphingolipids [47]. The effects of sphingolipids on cell 

growth are complex. Free sphingoid bases both stimulate and inhibit cell growth and therefore the accumulation of 

sphinganine in FBI treated cells is likely to play a role in the cytotoxic affect  of cell growth and [48]. Our results 

agreed with the results of studies on renal epithelial cell line, LLC-PKI, have shown a close association between the 

concentrations of fumonisin B1 that inhibit sphingolipid biosynthesis and cause growth inhibition and toxicity. This 

inhibition is supposed to be an early event in the cytotoxicity of  fumonisin B1 [49]. 

However previous studies have shown that fumonisin BI is more cytotoxic at low concentrations. The cell 

viability of a rabbit kidney cell line (RK13) was reduced to 22% by treatment with 0.51µM fumonisin BI [50]. 

zearalenone. Cytotoxic activity following HepG2 cell line exposure to zearalenone at present study, agree with the 

results in previous studies by other investigators on different cell line[51,52],    our results could be attributed to its 

ability to induce lipid peroxidation, DNA damage, DNA fragmentation, DNA methylation [50]. Zearalenone 

toxicity, may be attributed that it's biotransformed predominantly into a- Zearalenone (a-ZOL) and to lesser extent, 

into b-zearalenol (b- ZOL) in the  glucuronide forms [51,52,53]. Accumulation of a-ZEA might cause inhibition of 

cell proliferation in our system, which might be mediated by apoptotic mechanisms of cell death [54]. Zearalenone, 

on the other hand, was moderately toxic affect at the less concentration [54,50]. 

Comparison between the cytotoxic effect of  Mycotoxins on HepG2 cell line. 

Although all mycotoxins used in our  experiment  are secondary metabolites of fungi, they have totally distinct 

chemical properties and structures, which lead to their different toxicological mechanisms [49]. Aflatoxin B1 shows 

much higher cytotoxicity than other mycotoxin used in present experiment, while zearalenone show the lower 

percentage of growth inhibition. 

The reasons for differences in the sensitivity of the HepG2 cell line to aflatoxin B1, gliotoxin, Fumonisin B1, 

and zearalenone may be explained by differences in the modes of action and metabolic transformation of the toxins. 

Metabolic transformation may either turn the parent compounds to more or less toxic products [10, 55,56,57,58]. 

However, the present results give clear view about the cytotoxicity of mycotoxin, these results it's important for risk 

assessments. To understand the nature of these cytotoxicity pathways and the site of action of these mycotoxin a 

further detailed study needed on the molecular, metabolic, and signal pathways, also to develop more effective 

detoxification and remediation strategies aiming at understanding  mycotoxin impact on animal and human health 

[57,58].  

5.Conclusion 

All purified mycotoxins showed clear cytotoxic effect increased with the increase of concentrations, and 

Aflatoxin B1 show the higher cytotoxic activity between mycotoxins used in present study, suggests that the 

cytotoxic effect of it need to be better understood to assess health risks spatially about mycotoxin which pollute the 

grain used for human and animal food in Iraq and world. 
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