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ABSTRACT  
 
Aims: Industrial processed food, pharmaceutical and cosmetical products contain numerous 
substances the safety of which has been widely concerned. Potassium sorbate (PS) is a common 
preservative used in a wide-range of products. Sunset yellow (SY) is one of the most commonly used 
dye in food and pharmaceutical industry. Several studies suggested cytotoxic and genotoxic potential 
of SY and PS in different cell lines. These effects can lead to organ damage and cancer development. 
The aim of this study is to investigate cytotoxic and genotoxic potential of two widely used food 
additives, SY and PS, in Jurkat cell line.  
Methodology: PrestoBlue assay was used to assess the cytotoxic potential of SY and PS. For 
observation of DNA damage, cytostatic and cytotoxic effects, the cytokinesis-block micronucleus 
cytome (CBMN) assay was performed. 
Results: Decrease of cell viability in Jurkat cell line was observed after 24-hour exposure to both SY 
and PS. CBMN assay has revealed significant increase of necrotic cells (P<0.05). Genotoxic 
biomarkers were in physiological range after 24-hour exposure to both analyzed additives. 
Conclusion: Our findings suggest that SY, as well as PS have cytotoxic potential in Jurkat cell line, as 
a result of increased number of necrotic cells. Higher cytotoxic effect was caused by SY compared to 
PS. However, genotoxic potential was not recorded for any of the food additives analyzed. 
 
Key words: cytotoxic effect, genotoxic effect, dye sunset yellow, preservative potassium sorbate, food 
additives. 
 

1. INTRODUCTION 
 
Food additives are often used in modern diet. They are usually classified into several functional 

classes including dyes, preservatives, sweeteners, acidity regulators, antioxidants, emulsifiers, 

stabilizers and thickeners [1]. An important issue, which concerns human health, is that the content of 

these additives is very often not stated on the packaging of the food products. In addition to this, their 

quantity often exceeds the maximum permitted values leading consumers to ingest larger amounts of 

food additives than recommended by EFSA (European Food Safety Authority) [2]. 

Food dyes do not have any nutritional value. They are used in order to prevent color loss during 

technological processing or coloring of food, beverages, supplements and drugs [3]. Sunset yellow 

(SY), one of the most common dyes in food and pharmaceutical industry, is used with the sole 

purpose of making the final product more visually appealing and attractive [4]. It is a synthetic dye that 

belongs to the group of azo colors [5]. It is an orange water-soluble anionic mono-azo dye [6]. The 

acceptable daily intake (ADI), recommended by EFSA, is 4 mg/kg body weight per day for all 

population groups [7]. In a study performed in lymphocyte cell culture, changes in the mitotic index and 

micronucleus were observed after exposing the cells to SY, suggesting potential cytotoxicity and 

genotoxicity, in a dose-dependent manner [2]. Several studies have shown that SY can induce 

cytotoxic effects in human cell lines [2][8], which can lead to organ damage and various diseases. 

Recent study on chick embryos suggested SY as a possible nephrotoxic and hepatotoxic agent. In the 

SY treated group, liver and kidney necrosis, destruction of the renal cortex and cytoplasmic 

degeneration of hepatocytes were observed [9]. These findings raise concern about the need to 

reassess the no-observed adverse effect level (NOAEL) for this particular additive. 



 

 

Potassium sorbate (PS) is one of the most frequently utilized additives, present in food, hygiene 

products and cosmetics. It serves as a preservative which prolongs the shelf life of food and prevent 

its spoilage caused by microorganisms. The ADI for PS is 3 mg/kg body weight per day [10]. Its 

toxicological profile regarding adverse effects on human health is the subject of a very few studies. In 

a study in isolated human lymphocytes, Mamur et al. showed that PS can cause an increase in 

chromosomal aberrations and disruptions of DNA strands [11]. Considering that genotoxic effects and 

chromosomal aberrations may be associated with the induction of carcinogenesis [12], it is of great 

interest to extend the research to other human cell lines, such as lymphocyte. 

Lymphocytes, as a part of immune system, play an outsized role in defending organism from 

microorganisms, allergens and toxic chemicals. In our study Jurkat cell line was used as in vitro 

model. Jurkat cells are an immortalized line of human T lymphocyte cells. 

Although there is an increased scientific interest in studying the cytotoxic and genotoxic effects of food 

additives, there is still lack of well-designed studies regarding their toxicity in vitro and in vivo. The 

objective of this study is to obtain preliminary information on the human toxicity of relatively frequently 

used additives as well to assess the cytotoxic and genotoxic effects of SY and PS in Jurkat cells. 

 

2. MATERIALS AND METHODS 

 

2.1.  Chemicals, reagents, and kits 

All analyzes were performed using analytical grade chemicals and reagents. Double-distilled deionized 

water was used for the solution preparations and dilutions. PrestoBlue
TM

 cell viability reagent was 

obtained from Thermo Fisher Scientific (Massachusetts, USA). Both chemicals, SY and PS, were 

obtained from Sigma-Aldrich® (St. Louis, Missouri, USA). 

2.2. In vitro culture of Jurkat cell line 

Cells were cultured in Gibco Roswell Park Memorial Institute (RPMI) 1640 medium (Sigma-

Aldrich®,St. Louis, Missouri, USA) supplemented with 10% Heat-Inactivated Fetal Bovine Serum (HI 

FBS) and 1% penicillin/streptomycin antibiotics (Sigma-Aldrich®, St. Louis, Missouri, USA), in 

humidified atmosphere containing 5% CO2 at 37°C. For each experiment, cells were grown to 80% 

confluence in 75 cm
2
 culture flasks. All experiments were performed in triplicate in two independent 

experiments. 

2.3. PrestoBlue cytotoxicity assay 

For each experiment, Jurkat cells were seeded (2 x 10
5 

cells/well) in 24 well plates and grown for 

additional 24 hours after exposure to SY and PS. Water solutions of SY (1.25mM, 2.5mM, 5mM and 

10 mM) and PS (25mM, 50mM, 75mM and 100 mM) were prepared in double-distilled deionized water 

and sterilized by filtration through 0.2 µm sterile syringe filters. Afterwards, cells were treated with 10% 

SY or PS solutions and 90% RPMI culture medium to obtain final concentrations of SY (0.125mM, 

0.25mM, 0.5mM and 1 mM) and PS (2.5mM, 5mM, 7,5mM and 10 mM). The concentration range was 

determined according to Lye et al, Mamur et al. and Qu et al. [8][11][13]. Untreated cells were used as 

negative control, while positive control were cells treated with doxorubicin (20 mM) in RPMI nutrient 

medium. 

The PrestoBlue assay was carried out according to the manufacturer's instructions. After 24-hour 

treatment with additives, cells were incubated with the reagent. The fluorescence was measured after 

2 hours of incubation using spectrofluorophotometer RF-5301 PC (Shimadzu, Kyouto, Japan) at 

λex=530 nm and λem=582 nm. The measured fluorescence values were converted to percent of cell 

viability with respect to negative control. 



 

 

2.4.  Cytokinesis-block micronucleus cytome (CBMN) assay 

The cytokinesis-block micronucleus cytome assay was used for observing DNA damage, cytostatic 

and cytotoxic effects. The mitochondrial cytochrome b (Cyt-B) gene was used to block cytokinesis. 

Solution of Cyt-B was added to treated cells to obtain final concentration of 4.5 μg/ml. After 28-hour 

incubation in CO2 incubator, cells were harvested and mounted on slides by cytocentrifugation. Then, 

slides were treated with methanol, May-Grünvald and Giemsa (MGG) stain [14]. Ultimately, slides 

were washed with deionized H2O, dried in air, and examined under the microscope DM 1000 (Leica, 

Weltzar, Germany). 

2.5. Statistical analysis 

Descriptive statistical analysis, as well as parametric One-way ANOVA test, were carried out using 

SPSS software, version 21 (IBM, New York, USA). The results were considered statistically significant 

at P<0.05. 

 

3. RESULTS AND DISCUSSION 

 

3.1.  Cytotoxicity assessment 

To assess the cytotoxic potential of SY and PS, PrestoBlue viability assay was performed. PrestoBlue 

is a resazurin based reagent and highly sensitive assay for assessing cell viability and cytotoxicity [15]. 

Decrease of cell viability in Jurkat cell line was observed at four concentrations 0.125mM, 0.25mM, 

0.5mM and 1mM of SY. Analyzed food dye had an effect on cell viability and caused a dose-

dependent cytotoxic effect (Figure 1).  

 



 

 

Figure 1. Viability of Jurkat cells after 24 hours of exposure to SY (a);(b). 

Water solutions of PS were added to Jurkat cells, to obtain final concentrations of 2.5 mM, 5 mM, 7.5 

mM and 10 mM. Decrease of cell viability was observed at three concentrations, including 5 mM, 7.5 

mM and 10 mM PS in Jurkat cell line after 24-hour exposure (Figure 2). Compared to cytotoxic effects 

of SY, PS showed lower cytotoxic effects in Jurkat cells. 

 

Figure 2. Viability of Jurkat cells after 24 hours of exposure to PS (a); (b). 

As shown in Figures 1 and 2, the concentration of 1 mM SY has shown the greatest cytotoxic effect, 

observed in 96.87% of the cells treated. On the other hand, the highest concentration of PS caused 

the greatest cytotoxic effect, observed in 29.03% of the cells treated. From the obtained results, it can 

be seen that the cytotoxic effect of the lowest concentration SY solution (0.125 mM) was as much as 

1.48 times greater than the cytotoxic effect of the highest concentration PS solution (10 mM). 

Therefore, it is reasonable to assume that, in comparison to the cytotoxicity of SY, PS shows smaller 

cytotoxic effect in Jurkat cells. 

3.2. Genotoxicity of SY and PS 

Cytokinesis-block micronucleus cytome assay was used to assess DNA damage, cytostasis and 

cytotoxicity. Nuclear division index (NDI), percentage of apoptotic and necrotic cells, frequency of 

binuclear (BN) and multinuclear cells, the cells with micronuclei (MNi), nucleoplasmic bridges (NPBs) 

and nuclear buds (NBUDs) were scored and calculated (Figure 3). 



 

 

 

Figure 3. CBMN assay: A) mononuclear and binuclear cells; B) apoptotic cell; C) necrotic cell; D); cell 

with MNi; E) cell with NPB and MNi 

For nutrition studies in human lymphocytes, NDI is a marker of cytostasis and immune response, 

determining a mitogen response. In order to obtain NDI, a total of 500 viable cells were scored to 

determine the frequency of cells with 1- 4 nuclei. The NDI was calculated using following equation:  

    
           

 
 

where M1-M4 represent the number of cells with 1-4 nuclei and N is the total number of viable cells 

scored [16].  

The obtained results indicated that NDI values were within the physiological range values (Table 1). 

Cells with genotoxicity biomarkers NPBs, MNi and NBUDs were rare, and their numbers were in the 

physiological range, as well. Although the number of apoptotic cells, when treated with 1mM SY, was 

significantly different compared to the negative control, according to Fenech, obtained result was also 

in the physiological range [16]. However, the number of necrotic cells was increased after exposure to 

SY (P<0.05). Accordingly, the number of cells with genotoxicity biomarkers NPBs, MNi, NBUDs, and 

NDI values were in the physiological range (Table 1). 

Table 1. Genotoxicity of SY using CBMN assay 

SY (mM) 

Number of cells 

NDI 
Necrotic 

cells 

Apoptotic 

cells 

NPBs per BN 

1000 cells 

MNi per 1000 

BN cells 

NBUDs per 

1000 BN cells 

Negative 

control 
1.58±0.08 0.00 0.76±0.22 0.00 0.00 0.00 

1 1.32±0.01 28.27±0.86* 4.07±0.45* 0.00 1.00±0.00 0.00 

0.50 1.44±0.28 19.84±0.61* 1.04±0.52 1.50±0.71 1.50±0.71 0.00 

*Significantly increased against negative control (P<0.05). 

Obtained results with CBMN assay are consistent with our results for cytotoxicity with PrestoBlue 

assay, and showed that necrosis was the cause of decrease in the cell viability. The results showed a 

dose-dependent effect (Table 1).  

Similar to SY, PS showed a significant increase in the number of necrotic cells (P<0.05). These results 

confirmed our hypothesis that cell necrosis was the main cause of decrease in cell viability after the 

exposure to PS. The percentage of apoptotic cells, NDI and genotoxic biomarkers was within the 

physiological range (Table 2), suggesting that PS has no genotoxic potential. 

Table 2. Genotoxicity of PS using CBMN assay 

PS (mM) 

Number of cells 

NDI 
Necrotic 

cells 

Apoptotic 

cells 

NPBs per BN 

1000 cells 

MNi per 1000 

BN cells 

NBUDs per 

1000 BN cells 

Negative 1.58±0.78 0.00 0.76±0.22 0.00 0.00 0.00 



 

 

*Significantly increased against negative control (P<0.05). 

The results obtained in this study are consistent with the results reported in other similar in vitro 

studies on cytotoxic and genotoxic effects of additives [8][11][13][17]. The research has confirmed that 

both additives, SY and PS, caused decrease in cell viability in Jurkat cell line (Figure 1 and 3). As the 

decrease in cell viability is inversely proportional to cytotoxicity, the research established that SY, in all 

concentrations used, have caused dose-dependent increase of cytotoxicity in Jurkat cells compared to 

the untreated cells. Further, CBMN assay confirmed our results obtained by using PrestoBlue assay 

and revealed the type of cell death after exposure of Jurkat cell line to SY. The number of necrotic 

cells was significantly increased in dose-dependent manner for two analyzed concentrations of SY 

(0.5 mM and 1 mM). Necrosis is a type of uncontrolled cell death, which can occur as a result of the 

toxic effects of heterogeneous chemicals [18]. Obtained results are in accordance with Kus and 

Eroglu, which suggested cytotoxic potential of SY in human lymphocytes [2]. Similar effects to those of 

SY have been recorded in Jurkat cell line caused by PS. Our results are comparable to the results 

published by Qu et al, which suggest cytotoxic potential of PS [13].  

NDI is a marker of cell proliferation and provides an estimation of mitogen response [16]. Although NDI 

values were in the physiological range for cells treated with SY or PS, decrease in NDI value was 

observed with increase of SY and PS concentration. Furthermore, obtained NDI values for SY and PS 

treated cells was lower than NDI for untreated cells. Since the number of cells with genotoxic 

biomarkers was in the physiological range for SY and PS, it can be assumed that analyzed food 

additives have no genotoxic potential, which was also previously reported by Özdemir et al. and 

Sasaki et al.[17][19]. On the contrary, Dehghan et al. in their review reported PS as both, cytotoxic and 

genotoxic agent, when humans are exposed to it in a concentration greater than 25 mg/kg [20]. 

Therefore, additional studies on the toxicity of additives have a significant importance. 

Food additives such as a potassium salt of sorbic acid PS used as an effective preservative and 

antimicrobial agent, and food coloring agents such as azo-dye SY are very popular additives with 

applications in food, cosmetic and pharmaceutical industries due to their low cost, good stability and 

effectiveness. It is not unusual to use these additives together in the same product. Despite their good 

properties and an advantageous industrial use, there is a rising concern regarding associated health 

risks due to the exposure to these substances. It is known that they can be the cause of adverse 

health issues including respiratory, neurological and gastrointestinal problems, allergies, infertilities 

and eczema while some recent studies pointed out to their ability to cause cytotoxic and genotoxic 

effects, as well as to induce carcinogenesis [20][21][22]. These products are usually used at very low 

concentrations. However, they are often preferred together in combination with other chemicals with 

similar mode of action in food products, medicines, cosmetics, etc. increasing the occurrence and the 

human health risk. Chemicals with the same target organ of toxicity very often act in an additive 

manner. Therefore, an integrative approach in a risk assessment could lead to a much higher health 

risk than each chemical compound would exhibit individually [23]. As it was previously shown, two 

chemicals can act independently from each other, or they can interact whereby the effect of the toxic 

mixture may result in an additive, synergistic, potentiating or even antagonistic effect [24]. Thus, the 

combined effects of SY and PS should be also considered in the future research. 

 

4. CONCLUSION 

The results obtained in this study suggest that both frequently used food and pharmaceutical 

additives, SY and PS, have significant cytotoxic effect on Jurkat cells. Nevertheless, higher cytotoxicity 

control 

10 1.28±0.35 22.94±1.04* 3.97±0.23 2.00±1.41 4.00±0.00 0.00 

5 1.45±0.28 18.32±1.47* 2.62±0.02 0.00 0.50±0.71 0.00 



 

 

was shown by SY compared to PS. In addition, the results obtained in this study indicate that cell 

necrosis is the main cause of decrease in cell viability after exposure to SY and PS.  

In the terms of the genotoxicity, neither of the analyzed additives showed an increased genotoxicity 

compared to the untreated cells. These findings suggest that SY and PS are not genotoxic agents on 

Jurkat cells.  

In order to evaluate cytotoxicity and genotoxicity of these two additives individually and in a chemical 

mixture more accurately, more studies on other human cell lines are needed. 

 

COMPETING INTERESTS DISCLAIMER: 

Authors have declared that no competing interests exist. The products used for this research are 

commonly and predominantly used products in our area of research and country. There is absolutely 

no conflict of interest between the authors and producers of the products because we do not intend to 

use these products as an avenue for any litigation but for the advancement of knowledge. Also, the 

research was not funded by the producing company rather it was funded by personal efforts of the 

authors. 

 

REFERENCES 

1. Blekas GA. Food additives: Classification, Uses and Regulation. Encyclopedia of Food and 

Health. 2016;731-736.  

https://doi.org/10.1016/B978-0-12-384947-2.00304-4 

2. Kus E, Eroglu HE. Genotoxic and Cytotoxic Effects of Sunset Yellow and Brilliant Blue, 

Colorant Food Additives, on Human Blood Lymphocytes. Pak J Pharm Sci. 2015;28(1):227-

30. https://pubmed.ncbi.nlm.nih.gov/25553699/ 

3. Gomes KMS, Gonçalves Aguiar de Oliveira MV, Ronielson de Sousa Carvalho F, Carvalho 

Menezes C and Peronet AP. Cytotoxicity of Food Dyes Sunset Yellow (E-110), Bordeaux red 

(E-123), and Tetrazine Yellow (E-102) on Allium Cepa L. Root Meristematic Cells. Food Sci. 

Technol. 2013;33(1):218-223. 

DOI:10.1590/S0101-20612013005000012.  

4. Hashem MM, Atta AH, Arbid MS, Nada SA, Mouneir SM, and Asaad GF. Toxicological Impact 

of Amaranth, Sunset Yellow and Curcumin as Food Coloring Agents in Albino Rats. Journal of 

Pakistan Medical Students. 2011;1(2):43–51.  

Available at: https://www.jpmsonline.com/jpms-vol1-issue2-pages43-51-oa/ 

5. Kshama D, Girjesh K. Genetic Damage Induced by a Food Coloring Dye (Sunset Yellow) on 

Meristematic Cells of Brassica campestris L.Journal of Environmental and Public Health 2015. 

https://doi.org/10.1155/2015/319727 

6. Amchova P, Kotolova H, Kucerova JR. Health Safety Issues of Synthetic Food Colorants. 

Regulatory Toxicology and Pharmacology. 2015;73(3):914-22.  

doi: 10.1016/j.yrtph.2015.09.026.   

Available at: http://dx.doi.org/10.1016/j.yrtph.2015.09.026 

7. European Food Safety Authority (EFSA). Reconsideration of the Temporary ADI and Refined 

Exposure Assessment for Sunset Yellow FCF (E 110). EFSA Panel on Food Additives and 

Nutrient Sources Added to Food (ANS). Parma, Italy EFSA Journal. 2014;12(7):3765.  

https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2014.3765 

8. Lye HM, Chiew JC, Siddique MM. Cytotoxic Effect of Commonly Used Food Dyes on Human 

Hepatoma Cell Line, HepG2. IFRJ. 2018;25(4):1457-1463. 

http://www.ifrj.upm.edu.my/25%20(04)%202018/(18).pdf 

https://doi.org/10.1016/B978-0-12-384947-2.00304-4
https://pubmed.ncbi.nlm.nih.gov/25553699/
http://dx.doi.org/10.1590/S0101-20612013005000012
https://www.jpmsonline.com/jpms-vol1-issue2-pages43-51-oa/
https://doi.org/10.1155/2015/319727
http://dx.doi.org/10.1016/j.yrtph.2015.09.026
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2014.3765
http://www.ifrj.upm.edu.my/25%20(04)%202018/(18).pdf


 

 

9. Colakoglu F, Selcuk ML. The Embryotoxic Effects of in Ovo Administered Sunset Yellow FCF 

in Chick Embryos. Vet Sci. 2021;18;8(2):31. doi: 10.3390/vetsci8020031. 

10. EFSA FAF Panel (EFSA Panel on Food Additives and Flavourings): Younes M, Aquilina G, 

Castle L, Engel KH, Fowler P, Frutos Fernandez MJ et al. Scientific Opinion on the Follow-up 

of the Re-evaluation of Sorbic Acid (E200) and Potassium Sorbate (E202) as Food Additives. 

EFSA Journal. 2019;17(3):5625,1-21. https://doi.org/10.2903/j.efsa.2019.5625 

11. Mamur S, Yüzbaşioğlu D, Unal F, Yilmaz S. Does Potassium Sorbate Induce Genotoxic or 

Mutagenic Effects in Lymphocytes? Toxicol In Vitro. 2010;24(3):790-4. 

DOI: 10.1016/j.tiv.2009.12.021  https://pubmed.ncbi.nlm.nih.gov/20036729/ 

12. Yilmaz S, Uçar A. A Review Of The Genotoxic and Carcinogenic Effects of Aspartame: Does 

It Safe Or Not? Cytotechnology. 2014; 66(6): 875–881. doi: 10.1007/s10616-013-9681-0 

13. Qu  D, Jiang M, Huang  D, Zhang  H, Feng  L, Chen  Y, Zhu X , Wang S , Han J. Synergistic 

Effects of The Enhancements to Mitochondrial ROS, p53 Activation and Apoptosis Generated 

by Aspartame and Potassium Sorbate in HepG2 Cells. Molecules. 2019;28; 24(3):457. 

https://doi.org/10.3390/molecules24030457 

https://www.mdpi.com/1420-3049/24/3/457 

14. Piaton E, Fabre M, Goubin-Grenier MF, Courtade-Saïdi M, Vincent S et al. Technical 
Recommendations and Best Practice Guidelines for May-Grünwald-Giemsa Staining: 
Literature Review and Insights From the Quality Assurance. Ann Pathol. 2015;35(4):294-305. 

15. Xu M, McCana DJ, Sivak JG. Use of the Viability Reagent Presto Blue in Comparison with 

Alamar Blue and MTT to Assess the Viability of Human Corneal Epithelial Cells. J Pharmacol 

Toxicol. 2015;(71):1-7.  

doi: 10.1016/j.vascn.2014.11.003. 

16. Fenech M. Cytokinesis-block Micronucleus Cytome Assay. Nature protocols. 2007;2(5);1084-

1104. DOI: 10.1038/nprot.2007.77. 

17. Özdemir H, Turhan AB, Arıkoğlu H. Investigation of Genotoxic Effects of Potassium Sorbate, 

Sodium Benzoate and Sodium Nitrite. Eur J Basic Med Sci. 2012;(2):34-40 

https://doi.org/10.21601/ejbms/9177 

18. Orrenius S, Nicotera P, Zhivotovsky B. Cell Death Mechanisms and Their Implications in 

Toxicology. Toxicol.Sci. 2011;119(1):3-19.DOI: 10.1093/toxsci/kfq268  

19. Sasaki YF, Kawaguchi S, Kamaya A, Ohshita M, Kabasawa K, Iwama K, Taniguchi K, Tsuda 

S. The Comet Assay with 8 Mouse Organs: Results with 39 Currently Used Food Additives. 

Mutat Res. 2002;519(1-2):103-19.  

doi: 10.1016/s1383-5718(02)00128-6. 

https://pubmed.ncbi.nlm.nih.gov/12160896/ 

20. Dehghan P, Mohammadi A, Mohammadzadeh-Aghdash H, NazhadDolatabadi JE. 

Pharmacokinetic and Toxicological Aspects of Potassium Sorbate Food Additive and Its 

Constituents. Trends in Food Science & Technology. 2018;80:123-130. 

https://doi.org/10.1016/j.tifs.2018.07.012. 

21. Kaya IS, Cetinkaya A, Ozkan SA. Latest Advances on the Nanomaterials-Based 

Electrochemical Analysis of Azo Toxic Dyes Sunset Yellow and Tartrazine in Food Samples. 

Food and Chemical Toxicology. 2021;156:112524. 

https://doi.org/10.1016/j.fct.2021.112524. 

22. Chukwuemeka-Okorie HO, Ekuma FK, Akpomie KG, Nnaji J, Amarachi GO. Adsorption of 

Tartrazine and Sunset Yellow Anionic Dyes onto Activated Carbon Derived from Cassava 

Sievate Biomass. Appl Water Sci. 2021;11(27). 

https://doi.org/10.1007/s13201-021-01357-w 

23. Šljivić Husejnović M, Janković S, Nikolić D, Antonijević B. Human Health Risk Assessment of 

Lead, Cadmium, and Mercury Co-Exposure From Agricultural Soils in the Tuzla Canton 

(Bosnia and Herzegovina). Arh Hig Rad Toks. 2021;72(4):268-279. 

24. Dautović E, Šljivić Husejnović M, Bergant M, Sabitović D, Srabović N, Smajlović A, Begić L, 

Softić A. Lead and Cadmium Induced Cytotoxic and Genotoxic Effects on HL-60 and Jurkat 

Cell Lines. Genetics & Applications. 2019;3(1):57-64. 

https://doi.org/10.2903/j.efsa.2019.5625
https://dx.doi.org/10.1007%2Fs10616-013-9681-0
https://doi.org/10.3390/molecules24030457
https://www.mdpi.com/1420-3049/24/3/457
http://dx.doi.org/10.1038/nprot.2007.77
https://doi.org/10.21601/ejbms/9177
https://pubmed.ncbi.nlm.nih.gov/?term=Orrenius+S&cauthor_id=20829425
https://pubmed.ncbi.nlm.nih.gov/?term=Nicotera+P&cauthor_id=20829425
https://pubmed.ncbi.nlm.nih.gov/?term=Zhivotovsky+B&cauthor_id=20829425
file:///C:/Users/maida/Downloads/10.1093/toxsci/kfq268
https://pubmed.ncbi.nlm.nih.gov/12160896/
https://doi.org/10.1016/j.tifs.2018.07.012
https://doi.org/10.1016/j.fct.2021.112524
https://doi.org/10.1007/s13201-021-01357-w


 

 

http://www.genapp.ba/index.php/genapp/article/view/88 

 

http://www.genapp.ba/index.php/genapp/article/view/88

