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Abstract: 

Mycotoxins are natural toxins mainly produced by pathogenic fungi and these are found in 

plants and consumed crops such as wheat, rice & maize etc and their products. Mycotoxins 

causes various serious health risk to humans; they can enter human body by contaminated 

food products.  

In the present study we analysed using in silico studies the harmful effect of mycotoxins of 

wheat (Triticum aestivum) on humans utilizing computational tool ProTox-II. In silico 

toxicity and other toxicity parameters of mycotoxins were analysed using this tool. 

International authorities EU & USFDA set permissible range of mycotoxins in food based on 

LD50 values, authorities have categorized mycotoxins into five classes (1-5). Class 1 is fatal 

and class 5 is categorized harmful for human consumptions. Results obtained were compared 

to permissible LD50 value, all the predicted mycotoxins of wheat exceeded from permissible 

range. Aflatoxin B1, Deoxynivalenol (DON) and HT-2 were predicted in class 1 which is 

fatal to humans. Other mycotoxins, Ophiobolin, Aflatoxin G1 & M1 were found under class 

3, and these are also very harmful to humans. Almost all the toxin are neurotoxic and 

carcinogens. This study clearly states that some mycotoxins are very harmful and can cause 

severe damage to liver and other organs of humans and they are carcinogen and immunotoxic 

also. Therefore, a safe approach should be developed to mitigate the contamination of 

Mycotoxins by inhibiting the infection of plant pathogenic fungi using biological methods. 

Key Words Mycotoxins, ProTox-II, wheat, in silico prediction, LD50 value, organ toxicity. 

1. Introduction: 

Cereals and their products are one of the most consumed and staple crops worldwide, wheat, 

is the staple foods in the world [1,2]. Mainly, wheat is used to produce bread, pasta, biscuits, 

and other food products. Durum wheat (Triticum durum) is the most common wheat variety 
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in India, it is also known as bread wheat. Thus, about 60-70 % of the food products are made 

up of durum wheat [3]. 

Fusarium head blight disease in wheat is caused by F. graminearum, in this wheat grain head 

is initially infected and then infection was spread whole part of the grain [4]. 

 On storage wheat grain gets contaminated by moulds and their toxins commonly termed as 

mycotoxins [5,6]. Mycotoxins are toxic metabolites produced by various fungal species like 

Fusarium, Dreschelra etc, which grow on grain, this mycotoxin belong to the most toxic 

contaminants present in various food supplies [7]. It can cause acute & chronic effects in 

human as well as in animal also. 

In grains like wheat, rice and their products may comprise of mycotoxins like 

deoxynivalenol, zearalenone ochratoxin A and aflatoxins [8,9,10]. In barley, wheat and 

maize, deoxynivalenol mycotoxins are abundantly  present after infection with  Fusarium 

graminearum [11,12]. 

From last 30 years, mycotoxins have been the reason of epidemics in humans and animals all 

over the world. In Europe thousands of people died because of ergotism caused by 

mycotoxins. In Russia during 1942-1948, around one lac people lost their livesdue  to 

alimentary toxic leukopenia caused by Mycotoxins [13]. 

Fusarium toxins such as deoxynivalenol (DON), zearalenone (ZEA), nivalenol (NIV), 

fumonisins (FUM), T‐ 2, and HT‐ 2 toxins are the most common toxins present in wheat 

[14-21]. It also causes various health diseases for example gastrointestinal upset, abdominal 

pain, diarrhoea, mental illness [22,23]. It is well reported by several research groups that 

mycotoxins are the causative agents causing carcinogenicity, genotoxicity, nephrotoxicity, 

hepatotoxicity, immunotoxicity and gastrointestinal upset, dermatological problems and 

neurological disorder [24]. Most of the mycotoxins are highly reactive and inhibit the protein 

synthesis as well. They have immunotoxin effects on humans [25]. 

In humans, Aflatoxins showed mutagenic and carcinogenic effect leading to development of 

hepatocellular carcinoma [26]. It also shows toxicity against ROS and responsible for DNA 

damage & cytolysis, can attack on p53 gene [27,28,29].  

Fuminosin mycotoxins present in wheat can cause oesophageal cancer and it also shows 

embryotoxic and harmful for renal system [30,31,32] 

Ochratoxin (OTA) is nephrotoxic causes renal failure in humans [33,34]. While T2 toxins 

causes defects in DNA stand leads to cervical cancer and it also enhance ROS and lipid 

peroxidation [35]. 
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Zearalenones present in wheat affects oestrogen hormone leading to various reproductive 

impairment such as reproductive disorder and low fertility count etc [36]. ZEA also have 

immunosuppressive property [37]. 

However toxic properties of chemicals present in various food, drugs and other products 

needs an early predication of toxicity level as this will be  significant  for  the discovery of 

various drugs and also  important for regulatory bodies like US FDA, US Environmental 

Protection Agency [38] and European Environment Agency & European Medicines Agency 

[39]. (Table 1) 

Table 1. Mycotoxins permissible limit present in food and their products (40,41,42). 

Mycotoxins Food products Permissible limit (µg/kg)  

European 

Union 
US FDA 

Zearalenone (ZEA) Wheat & Other cereals and 

its products, maize  

20-400 NA 

Ochratoxin A(OTA) Wheat & Other cereals and 

its products, vine, coffee, 

spices 

2-80 NA 

Deoxynivalenol 

(DON) 

Cereal and cereal products  200-1750 1000 

Patulin  Fruits & Cereals 10-50 50 

Aflatoxins 

B1,B2,M1,M2,G1,G2 

Wheat, rice, fruits, nuts  4-15 20 

Fumonisins 

B1,B2,B3 

Maize and other cereals 4000 NA 

T2 & HT-2 Cereals like wheat, maize, 

barley, oat and their 

products 

50-1000 NA 

 

In our daily life we are exposed to many harmful chemicals which includes our food 

cosmetics we use, Over the counter (OTC) and other prescribed medicines, even air we inhale 

has been polluted by various industrial gases. However, effect of these chemical depends 

upon the quantity and exposure time, may be useful or harmful [38,39].   

Thus, it is necessary to check experimentally, the noxious effects of these chemical 

compound and their products (38,39). But due to several limitations like fund, time, and 

ethical concern for animal trials, it is very difficult task to perform experimental for each 

chemical. 

Thus, in silico toxicity predication using pro tox tool is highly beneficial platform for the 

toxicity assessment of chemicals which can be harmful to all living being [39].  
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The aim of the in-silico toxicity prediction was to check the effect of various mycotoxins and 

their combinations present in wheat and studied their effect on various organs and immune 

system etc. “In silico toxicity model incorporates the knowledge from various fields such as 

toxicology, biostatistics, systems biology, computer science and many other relevant 

discipline” [39,43]. In this analysis, quantitative as well qualitative of mycotoxins present in 

wheat has been performed like lethal dose (LD50 values), cytotoxicity, carcinogenicity, and 

hepatotoxicity predication respectively. On the basis toxicity predication result, we can 

provide a substitute approach for mycotoxin control or mycotoxin degradation using 

biological strategies [44]. 

2. Materials & methods: 

2.1. In silico Prediction analysis 

ProTox-II tool was used for the in-silico prediction of mycotoxins [38]. In this, PubChem 

name or chemical structure of mycotoxins were used. Prediction analysis was done based on 

five classifications: acute toxicity, organ toxicity, toxicological endpoints, toxicological 

pathways, and toxicity targets, in these five classes, total 33 models were available for 

analysis [45]. This tool is based on molecular similarity pathways and machine-learning 

approach [44]. 

2.2. Prediction of mycotoxins for Oral Toxicity  

All selected mycotoxins of wheat name were analysed in ProTox-II, depending on the LD50 

(mg/kg bodyweight) value range, mycotoxins were categorized under 5 different toxicity 

class [46]. 

These Classes are as follows: 

Class 1: Fatal if swallowed (LD50 value range ≤ 5 mg/kg) 

Class 2: Fatal if swallowed (LD50 value range 5-50 mg/kg) 

Class 3: Toxic if swallowed (LD50 value range 50-300 mg/kg) 

Class 4: Harmful if swallowed (LD50 value range 300-2000 mg/kg); 

Class 5: may be harmful if swallowed (LD50 value range 2000- 5000 mg/kg). 

 

2.3. Prediction of mycotoxins for Toxicity Endpoint and Organ Toxicity 

Mycotoxins which were selected for oral toxicity were also predicted toxicity against various 

organs and endpoint toxicity evaluation. In this, predictive models were based on data from 
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both in vitro (Tox21 assays, Ames bacterial mutation assays, hepatocytotoxicity assays and 

immunotoxicity assays) and in vivo assays (carcinogenicity, hepatotoxicity etc.) [38,47]. 

 

2.4. Prediction of mycotoxins for Toxicological Pathways 

Mycotoxins present in wheat and other food products can activate & alter the specific 

enzymes or receptor involved in various biological pathways, resulting disruption in 

metabolic process leads to various health issues. 

In ProTox-II, mainly two broad Toxicological Pathways were analysed: (1). Nuclear receptor 

signalling pathways. (2). Stress response pathways. 

In nuclear receptor signalling pathways seven pathways were analysed such as hydrocarbon 

Receptor, androgen Receptor, Androgen ligand binding domain, Aromatase estrogen 

receptor, Estrogen receptor ligand binding domain, Peroxisome proliferator receptor etc. 

While in Stress response pathways, total five pathways like nuclear factor /antioxidant 

responsive pathways, heat shock element pathways, prediction of mitochondrial membrane 

potential, Tumor suppressor pathway, ATPs domain pathways were predicted. 

Aim of this prediction analysis was to evaluate in-depth toxicological study of mycotoxins to 

identify mechanism related to disease associated pathways. ProTox-II tool was used to check 

the identification of the harmful health effect of mycotoxins in the human body very 

proficiently. 

3. Result and Discussion: 

3.1. In silico Toxicity Prediction 

Most of the mycotoxins present in wheat are not reported in literatures and in-vitro studies is 

not possible in short duration of time. So, prediction in-silico was performed using ProTox-II 

computational tool to identify the effect of mycotoxins of wheat on humans. 

3.2. Prediction of mycotoxins for oral toxicity analysis 

Data obtained after oral toxicity prediction by ProTox-II are based on similarity and 

identification of toxic compounds. Result obtained as a lethal dose (LD50 values) of 

respective mycotoxins against humans. Predicted LD50 value and toxicity class of identified 

mycotoxins of wheat are shown in Table 2. 
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Table 2. Prediction of Toxicity class and LD50 Value of various mycotoxins of wheat 

Mycotoxins present in 

wheat 

LD50 Values 

(mg/kg) 

Toxicity 

Class 

Average 

Similarity (%) 

Average 

accuracy (%) 

Aflatoxin B1 3 1 100 100 

Aflatoxin B2 600 4 62.66 68.07 

Aflatoxin G1 120 3 68.06 68.07 

Aflatoxin G2 832 4 57.56 67.38 

Aflatoxin M1 120 3 74.57 69.28 

Ochratoxin A (OTA) 20 2 100 100 

Fumonisin B1 4280 5 68 68.07 

Fumonisin B2 4280 5 68 68.07 

Fumonisin B3 4280 5 70.38 69.26 

Ophiobolin 238 3 100 100 

Zearalenone 

(ZEA) 

500 4 100 100 

Deoxynivalenol (DON) 5 1 100 100 

Patulin 17 2 100 100 

T-2 Toxin  615 4 100 100 

HT-2  4 1 100 100 

 

According to the obtained predictions, three mycotoxins Aflatoxin B1, Deoxynivalenol 

(DON) & HT-2 toxin of wheat showed that they are lethal to humans if consumed, these were 

present in Class 1 toxicity level having LD50 value of 3, 5 and 4 mg/kg respectively (Table 2). 

LD50 value of Ochratoxin A (OTA) and Patulin are 20 & 17 mg/kg respectively showing 

toxicity level of Class 2. Aflatoxin G1, M1 and Ophiobolin showed Class 3 level toxicity 

with LD50 values of 120, 120 & 238 mg/kg respectively. All predicted values of mycotoxins 

of wheat when compared with standard permissible range of mycotoxins as per EU & 

USFDA,  showed exceeding from the range and showed that they are  lethal & harmful to 

humans even if present within permissible range. 

3.3. Prediction of mycotoxins for Organ toxicity and toxicity end points 

Organ toxicity and other toxicity parameters were analysed to check the effect of mycotoxins 

of wheat against liver and other. Mycotoxins are metabolized in the liver, so it was necessary 
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to check the effect of various mycotoxins of wheat on liver. In Table 3, the results obtained of 

organ toxicity and varied toxicity endpoints and their predicted values are reported. 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding the organ toxicity (Hepatotoxicity), results showed that all the mycotoxins of 

wheat were not hepatotoxic for humans. While in toxicity endpoints prediction result, all 

mycotoxins were carcinogenic except Deoxynivalenol (DON), Wheat mycotoxins except 

Patulin and Ochratoxin (OTA) are immunotoxic while Aflatoxin B1, M1, T2 and HT-2 toxin 

showing mutagenic activity and Aflatoxin B1 & Ochratoxin A (OTA) were predicted as 

cytotoxic (Graph 1). 

Mycotoxins 

present in 

wheat 

Effect 

against Liver 

Effect against various toxicity end points 

Hepatotoxic Carcinogenic Immunotoxic Mutagenic Cytotoxic 

Aflatoxin B1 No Yes Yes Yes Yes 

Aflatoxin B2 No Yes Yes No No 

Aflatoxin G1 No Yes Yes No No 

Aflatoxin G2 No Yes Yes No No 

Aflatoxin M1 No Yes Yes Yes No 

Ochratoxin A 

(OTA) 

No Yes No No Yes 

Fumonisin B1 No Yes Yes No No 

Fumonisin B2 No Yes Yes No No 

Fumonisin B3 No Yes Yes No No 

Ophiobolin No Yes Yes No No 

Zearalenone 

(ZEA) 

No Yes Yes No No 

Deoxynivalenol 

(DON) 

No No Yes No No 

Patulin No Yes No No No 

T-2 Toxin  No Yes Yes Yes No 

HT-2  No Yes Yes Yes No 
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Graph 1. Effect of mycotoxins of wheat against Organ toxicity and toxicological endpoints 

 

3.4. Prediction of Mycotoxins for toxicological pathways 

3.4.1 Nuclear Receptor Signalling pathways 

Mycotoxins are the potential threats to human health [45]. Seven different cellular signalling 

pathways prediction result revealed that Zearalenone (ZEA) mycotoxins of wheat showed 

that it can be harmful affect  to Estrogen Receptor and Estrogen ligand binding receptor. ZEA 

mycotoxins could affect these cellular pathways in humans (Table 4). 

Table 4. Prediction of mycotoxins of wheat against various nuclear receptor signalling 

pathways 

0

20

40

60

80

100

120

 T
o

xi
ci

ty
 %

 

Mycotoxins present in Wheat 
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Mycotoxins 

present in 
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Nuclear receptor signaling pathways  
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hydrocarbo
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receptor 
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Peroxisome 
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Aflatoxin B1 No No No No No No No 

Aflatoxin B2 No No No No No No No 

Aflatoxin G1 No No No No No No No 

Aflatoxin G2 No No No No No No No 
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3.4.2. Stress response pathways 

In this prediction five stress related pathways were analysed and computational predictions 

were presented in table. Mycotoxin Zearalenone (ZEA), which showed to be active against 4 

pathways such as nuclear factor pathway, heat shock response pathway, mitochondrial 

membrane potential and tumor suppressor (p53) pathways (Table 5). 

Table 5. Stress response pathways predicted using the ProTox-II tool for different 

mycotoxins of wheat 

Mycotoxins 

present in 

wheat 

 

Stress response pathways (% Probability) 

Nuclear 

factor 

(erythroid)/ 

antioxidant 

responsive 

element 

Heat shock 

factor 

response 

element 

Mitochondrial 

Membrane 

Potential 

(MMP) 

Phospho

protein 

(Tumor 

Suppress

or) p53 

ATPase 

family AAA 

domain-

containing 

protein 5 

  

Aflatoxin B1 No        No No No No 

Aflatoxin B2 No No No No No 

Aflatoxin G1 No No No No No 

Aflatoxin G2 No No No No No 

Aflatoxin M1 No No No No No 

Ochratoxin A 

(OTA) 
No No No No No 

Fumonisin B1 No No No No No 

Fumonisin B2 No No No No No 

Fumonisin B3 No No No No No 

Ophiobolin No No No No No 

Zearalenone Yes (100) Yes (100) Yes (95) Yes (100) No 

 

Aflatoxin M1 No No No No No No No 

Ochratoxin A 

(OTA) 

No No No No No No No 

Fumonisin B1 No No No No No No No 

Fumonisin B2 No No No No No No No 

Fumonisin B3 No No No No No No No 

Ophiobolin No No No No No No No 

Zearalenone 

(ZEA) 

No No No No Yes Yes No 

Deoxynivalenol 

(DON) 

No No No No No No No 

Patulin No No No No No No No 

T-2 Toxin  No No No No No No No 

HT-2  No No No No No No No 
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Deoxynivalen

ol (DON) 
No No No No No 

 

Patulin No No No No No 
 

T-2 Toxin  No No No No No 
 

HT-2  No No No No No 
 

 

4. Conclusion 

Our findings suggest that mycotoxins produced by phytopathogens in wheat and other food 

products can lead to health problems are significant. In-silico prediction of Mycotoxins were 

studied using ProTox-II tool, we have predicted toxicity level based on their LD50 value and 

data were compared with standard range controlled by USFDA & EU (Table 1).  

Based on oral toxicity result, LD50 value and toxicity class of predicted mycotoxins has been 

presented in Table 2, as per the result Aflatoxin B1, Deoxynivalenol (DON) and HT-2 were 

presented in Class-1 toxicity which are fatal to human for consumption. While Ochratoxin A 

(OTA) & patulin were predicted to be belonging to  Class 2 and Ophiobolin, Aflatoxin G1 & 

M1 belong to Class 3 level, both the classes are fatal & toxic to humans.  Aflatoxin B2 & G2, 

Zearalenone (ZEA) and T2 Mycotoxins which were predicted to be of  Class 4 toxicity level 

a causing adverse health effect in humans. In the finding of toxicity end point prediction 

almost all the mycotoxins are carcinogenic and immunotoxic 

To address this issue, it is essential to develop strategies aimed at mitigating mycotoxin 

development and preventing fungal infections throughout the entire grain production and 

processing cycle. Mycotoxin of wheat and other crops showed substantial adverse health 

effect in human and it also affects food supply chain. Mycotoxin contamination in crops and 

food products has been serious issue for human beings.  

. In summary, by implementing a comprehensive approach that includes seed treatment, 

improved storage practices, advanced processing technologies, and innovative formulations, 

it will be  possible to effectively mitigate mycotoxin development and prevent fungal 

infections in grains. These strategies can help safeguard food safety and protect human 

health. 

  

 

 



Mycotoxins of Triticum aestivum: In silico toxicity prediction 

 

Section A-Research paper 
ISSN 2063-5346 

16304 
Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16294-162307 
 

References 

1. Kumar, P., Gupta, A., Mahato, D.K., Pandhi, S., Pandey, A.K., Kargwal, R., Mishra, S., 

Suhag, R., Sharma, N., Saurabh, V. and Paul, V. (2022). Aflatoxins in Cereals and 

Cereal-Based Products: Occurrence, Toxicity, Impact on Human Health, and Their 

Detoxification and Management Strategies. Toxins, 14: 687. 

2. Thielecke, F., & Nugent, A. P. (2018). Contaminants in grain—a major risk for whole 

grain safety. Nutrients, 10: 1213. 

3. Scala, V., Aureli, G., Cesarano, G., Incerti, G., Fanelli, C., Scala, F., Reverberi, M. and 

Bonanomi, G. (2016). Climate, soil management, and cultivar affect Fusarium head blight 

incidence and deoxynivalenol accumulation in durum wheat of Southern Italy. Frontiers 

in microbiology, 7: 1014. 

4. Alisaac, E., Behmann, J., Rathgeb, A., Karlovsky, P., Dehne, H. W., & Mahlein, A. K. 

(2019). Assessment of Fusarium infection and mycotoxin contamination of wheat kernels 

and flour using hyperspectral imaging. Toxins, 11: 556. 

5. Bennett, J.W. and Klich, M. (2003) Mycotoxins. Clinical Microbiology Reviews, 16: 

497-516. 

6. Lee, H. J., & Ryu, D. (2017). Worldwide occurrence of mycotoxins in cereals and cereal-

derived food products: Public health perspectives of their co-occurrence. Journal of 

agricultural and food chemistry, 65: 7034-7051. 

7. Habschied, K., Krstanović, V., Zdunić, Z., Babić, J., Mastanjević, K., & Šarić, G. K. 

(2021). Mycotoxins biocontrol methods for healthier crops and stored products. Journal 

of Fungi, 7: 348. 

8. Food and Agriculture Organization of the United Nations (FAO). Staple food: What do 

people eat? Available from: http://www.fao.org/docrep/u8480e/u8480e07.html 

[Accessed: 2016‐ 10‐ 17].  

9. Food and Agriculture Organization of the United Nations (FAO). Livestock commodities. 

In: World agriculture: Towards 2015/2030. An FAO perspective. 2003. Available from: 

http://www.fao.org/docrep/005/y4252e/y4252e05b.html [Accessed: 2016‐ 10‐ 17].  

10. Richard, J. L., Payne, G. A., Desjardins, A. E., Maragos, C., Norred, W. P., & Pestka, J. J. 

(2003). Mycotoxins: risks in plant, animal and human systems. CAST Task Force 

Report, 139:101-103. 

11. Hussein, H. S., & Brasel, J. M. (2001). Toxicity, metabolism, and impact of mycotoxins 

on humans and animals. Toxicology, 167:101-134. 

12. Darwish, W. S., Ikenaka, Y., Nakayama, S. M., & Ishizuka, M. (2014). An overview on 

mycotoxin contamination of foods in Africa. Journal of Veterinary Medical 

Science, 76:789-797. 

13. Omotayo, O. P., Omotayo, A. O., Mwanza, M., & Babalola, O. O. (2019). Prevalence of 

mycotoxins and their consequences on human health. Toxicological research, 35: 1-7. 

14. Cheli, F., Pinotti, L., Novacco, M., Ottoboni, M., Tretola, M., & Dell’Orto, V. (2017). 

Mycotoxins in wheat and mitigation measures. Wheat improvement, management and 

utilization, Wanyera, R., Owuoche J., IntechOpen., Croatia, London, pp.227-251. 



Mycotoxins of Triticum aestivum: In silico toxicity prediction 

 

Section A-Research paper 
ISSN 2063-5346 

16305 
Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16294-162307 
 

15. Cheli, F., Pinotti, L., Rossi, L., & Dell'Orto, V. (2013). Effect of milling procedures on 

mycotoxin distribution in wheat fractions: A review. LWT-Food Science and 

Technology, 54: 307-314. 

16. Placinta, C. M., D'Mello, J. F., & Macdonald, A. M. C. (1999). A review of worldwide 

contamination of cereal grains and animal feed with Fusarium mycotoxins. Animal feed 

science and technology, 78: 21-37. 

17. Gareis, M. (2003). Collection of occurrence data of Fusarium toxins in food and 

assessment of dietary intake by the population of EU member states. Report of Experts 

Participating in SCOOP Task 3.2. 10-Part A: Trichothecene, 13-235. 

18. Binder, E. M., Tan, L. M., Chin, L. J., Handl, J., & Richard, J. (2007). Worldwide 

occurrence of mycotoxins in commodities, feeds, and feed ingredients. Animal feed 

science and technology, 137: 265-282. 

19. Zinedine, A., Soriano, J. M., Molto, J. C., & Manes, J. (2007). Review on the toxicity, 

occurrence, metabolism, detoxification, regulations, and intake of zearalenone: an 

oestrogenic mycotoxin. Food and chemical toxicology, 45:1-18. 

20. Neuhof, T., Koch, M., Rasenko, T., & Nehls, I. (2008). Occurrence of zearalenone in 

wheat kernels infected with Fusarium culmorum. World mycotoxin journal, 1: 429-435. 

21. Rodrigues, I., & Naehrer, K. (2012). A three-year survey on the worldwide occurrence of 

mycotoxins in feedstuffs and feed. Toxins, 4: 663-675. 

22. World Health Organization. (2004). Food and agriculture organization of the United 

Nations. Vitamin and mineral requirements in human nutrition, 2: 17-299. 

23. Pitt, J. I., & Miller, J. D. (2017). A concise history of mycotoxin research. Journal of 

agricultural and food chemistry, 65: 7021-7033. 

24. Wen, J., Kong, W., Hu, Y., Wang, J., & Yang, M. (2014). Multi-mycotoxins analysis in 

ginger and related products by UHPLC-FLR detection and LC-MS/MS 

confirmation. Food Control, 43: 82-87. 

25. Sharma, R. P. (1993). Immunotoxicity of mycotoxins. Journal of dairy science, 76: 892-

897. 

26. Bosetti, C., Turati, F., & La Vecchia, C. (2014). Hepatocellular carcinoma 

epidemiology. Best practice & research Clinical gastroenterology, 28: 753-770. 

27. Asim, M., Sarma, M. P., Thayumanavan, L., & Kar, P. (2011). Role of aflatoxin B1 as a 

risk for primary liver cancer in north Indian population. Clinical biochemistry, 44:1235-

1240. 

28. Kew, M. C. (2013). Aflatoxins as a cause of hepatocellular carcinoma. Journal of 

Gastrointestinal & Liver Diseases, 22: 3. 

29. Yang, X., Lv, Y., Huang, K., Luo, Y., & Xu, W. (2016). Zinc inhibits aflatoxin B1-

induced cytotoxicity and genotoxicity in human hepatocytes (HepG2 cells). Food and 

Chemical Toxicology, 92: 17-25. 

30. Lumsangkul, C., Chiang, H. I., Lo, N. W., Fan, Y. K., & Ju, J. C. (2019). Developmental 

toxicity of mycotoxin fumonisin B1 in animal embryogenesis: an overview. Toxins, 11: 

114. 



Mycotoxins of Triticum aestivum: In silico toxicity prediction 

 

Section A-Research paper 
ISSN 2063-5346 

16306 
Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16294-162307 
 

31. Szabó, A., Fébel, H., Ali, O., & Kovács, M. (2019). Fumonisin B1 induced compositional 

modifications of the renal and hepatic membrane lipids in rats–Dose and exposure time 

dependence. Food Additives & Contaminants: Part A, 36: 1722-1739. 

32. Yu, S., Jia, B., Liu, N., Yu, D., Zhang, S., & Wu, A. (2021). Fumonisin B1 triggers 

carcinogenesis via HDAC/PI3K/Akt signalling pathway in human esophageal epithelial 

cells. Science of The Total Environment, 787: 147405. 

33. Chen, C., & Wu, F. (2017). The need to revisit ochratoxin A risk in light of diabetes, 

obesity, and chronic kidney disease prevalence. Food and Chemical Toxicology, 103: 79-

85. 

34. Hope, J. H., & Hope, B. E. (2012). A review of the diagnosis and treatment of Ochratoxin 

A inhalational exposure associated with human illness and kidney disease including focal 

segmental glomerulosclerosis. Journal of Environmental and Public Health, 2012: 

835059. 

35. Chaudhari, M., Jayaraj, R., Bhaskar, A. S. B., & Rao, P. L. (2009). Oxidative stress 

induction by T-2 toxin causes DNA damage and triggers apoptosis via caspase pathway 

in human cervical cancer cells. Toxicology, 262:153-161. 

36. Bulgaru, C. V., Marin, D. E., Pistol, G. C., & Taranu, I. (2021). Zearalenone and the 

immune response. Toxins, 13: 248. 

37. Rogowska, A., Pomastowski, P., Sagandykova, G., & Buszewski, B. (2019). Zearalenone 

and its metabolites: Effect on human health, metabolism and neutralisation 

methods. Toxicon, 162: 46-56. 

38. Banerjee, P., Eckert, A. O., Schrey, A. K., & Preissner, R. (2018). ProTox-II: a webserver 

for the prediction of toxicity of chemicals. Nucleic acids research, 46: W257-W263. 

39. Wang, Y., Xing, J., Xu, Y., Zhou, N., Peng, J., Xiong, Z., Liu, X., Luo, X., Luo, C., 

Chen, K. and Zheng, M. (2015). In silico ADME/T modelling for rational drug 

design. Quarterly reviews of biophysics, 48: 488-515. 

40. Ksenija, N. E. Š. I. Ć. (2018). Mycotoxins–climate impact and steps to prevention based 

on prediction. Acta veterinaria, 68: 1-15. 

41. Commission Regulation (EC). (2006). setting maximum levels for certain contaminants in 

foodstuffs.(2006). Official Journal of the European Communities, L364-5. 

42. Eskola, M., Kos, G., Elliott, C. T., Hajšlová, J., Mayar, S., & Krska, R. (2020). 

Worldwide contamination of food-crops with mycotoxins: Validity of the widely cited 

‘FAO estimates of 25%. Critical reviews in food science and nutrition, 60: 2773-2789. 

43. Raies, A. B., & Bajic, V. B. (2016). In silico toxicology: computational methods for the 

prediction of chemical toxicity. Wiley Interdisciplinary Reviews: Computational 

Molecular Science, 6:147-172. 

44. Drwal, M. N., Banerjee, P., Dunkel, M., Wettig, M. R., & Preissner, R. (2014). ProTox: a 

web server for the in-silico prediction of rodent oral toxicity. Nucleic acids research, 42: 

W53-W58. 

45. Tolosa, J., Barba, F. J., Pallarés, N., & Ferrer, E. (2020). Mycotoxin identification and in 

silico toxicity assessment prediction in Atlantic salmon. Marine drugs, 18: 629. 



Mycotoxins of Triticum aestivum: In silico toxicity prediction 

 

Section A-Research paper 
ISSN 2063-5346 

16307 
Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16294-162307 
 

46. Banerjee, P., & Ulker, O. C. (2022). Combinative ex vivo studies and in silico models 

ProTox-II for investigating the toxicity of chemicals used mainly in cosmetic 

products. Toxicology Mechanisms and Methods, 32: 542-548. 

47. Bhat, V., & Chatterjee, J. (2021). The use of in silico tools for the toxicity prediction of 

potential inhibitors of SARS-CoV-2. Alternatives to Laboratory Animals, 49: 22-32. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


