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The extensive use of tebuconazole, an azole group fungicide, causes undesirable toxicity in non-targeted 
organisms, including fish in aquatic environments. We investigated metabolic responses by observing 
apoptosis (caspase- 3), DNA damage (8-hydroxy-2-deoxyguanosine (8-OHdG)), malondialdehyde 
(MDA), and antioxidants (SOD, CAT, GSH-Px) activity in Van fish kidney and muscle tissue after 24., 
48., 72., and 96. h of tebuconazole exposure at a concentration of 2.5 mg/L. The obtained results indicated 
that caspase-3, 8-OHdG, and MDA levels significantly increased compared to the control (p < 0.05). The 
kidney and muscle tissues indicated a significant decrease in antioxidant enzyme activities (superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px)) compared to the control (p< 
0.05). Therefore, these data may reflect one of the molecular pathways that play a role in tebuconazole 
toxicity.

	 INTRODUCTION

The negative effects of the unconscious and 
uncontrolled use of pesticides on human health and 

the environment should not be ignored. Environmental 
residues of the pesticides used create pollution in soil and 
water. Corruption, especially in natural water resources, 
has reached dimensions that will affect the continuity of 
water resources. Thus, water’s physical, chemical, and 
biological properties have changed negatively (Ramírez-
Santana et al., 2020). Tebuconazole, which is included in 
the azoles group, is used as a fungicide against the fungal 
threat in rice fields. Systemically effective tebuconazole 
also prevents the synthesis of ergosterol in fungi and may 
cause toxic effects on organisms in the aquatic environment 
for a long time (Bayer Crop Science Limited, 2005).

It has been reported that azole compounds cause 
possible death in non-target organisms (farm animals, bees, 
birds, fish, and invertebrates) and cause changes in the 
structure of the ecosystem and the number of species in the 
long term (Zhang et al., 2020; Yeltekin and Sağlamer, 2019). 
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Pesticides; it is also known that it causes significant 
environmental pollution by spreading to the natural 
environment by passing into the air, soil, water, and plants.  
Pesticides, by creating oxidative stress in living things, 
cause free radicals in their structure over time. When the 
number of free radicals increases to a level above the level 
that antioxidants can tolerate, tissues begin to be damaged. 
Reactive oxygen metabolites are formed in the xenobiotic 
metabolism, phagocytic activation, various synthesis 
and degradation reactions, especially in mitochondrial 
electron transport, and the oxidative stress that develops 
as a result of the shift of the prooxidant/antioxidant 
balance in favor of prooxidants damages biomolecules 
with various mechanisms (Li et al., 2011). Reactive 
oxygen metabolites are formed mainly in mitochondrial 
electron transport, xenobiotic metabolism, phagocytic 
activation, different synthesis and degradation reactions, 
and the oxidative stress that develops due to the shift of 
the prooxidant/ antioxidant balance in favor of prooxidants 
damages biomolecules with various mechanisms. Reactive 
oxygen species (ROS) originating from environmental 
pollutants cause structural and functional changes in 
the cells of aquatic organisms and cause biochemical 
parameter changes. Increased formation of reactive 
oxygen metabolites, decreased antioxidant enzyme levels, 
and defects in DNA repair mechanisms lead to increased 
oxidative DNA damage. The most important feature of the 
antioxidant defense system is that its components work 
synergistically against reactive oxygen species. Therefore, 
all antioxidants are vital in maintaining homeostasis in 
living things (Cooke et al., 2003). DNA, a stable molecule, 
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can also undergo oxidative chemical damage, such as 
lipids, carbohydrates, and proteins. Studies have shown 
that the oxidative base modification of DNA damage is 
8-hydroxy deoxyguanosine (8-OHdG). Thus, the level of 
8-OHdG formed in the tissues shows us the story of DNA 
damage (Evans and Cooke, 2004; Cooke et al., 2003).

The genes that control apoptosis, also known as 
programmed cell death, are known as caspases. These are 
cysteine proteases, and they break the peptide bond after 
aspartic acid. In the mitochondrial-dependent intrinsic 
pathway of apoptosis, Bcl-2 family proteins activate 
procaspase-9 due to the mitochondrial membrane being 
affected, while procaspase-8 is activated via receptors 
in the cell membrane in the receptor-dependent extrinsic 
pathway (Vermeulen et al., 2005; Chipuk and Green, 
2008). The cell is led to apoptosis by activating caspase-3 
in the common pathway via caspase-9 in the intrinsic 
pathway and caspase-8 in the extrinsic pathway of 
apoptosis (Mirkes, 2002).

Lake Van is polluted day by day with environmental 
effects. Wheat and barley cultivation around Lake Van also 
causes the lake to be contaminated with pesticides. Van 
fish, which is a significant protein source for the region, 
has great economic importance. Lake Van is the second-
highest soda lake globally (pH: 9,8), and the Van fish is 
an endemic fish species living in this lake. Therefore, this 
study aims to determine the level of change in antioxidant 
enzymes, malondialdehyde, DNA damage (8-OHdG) and 
apoptosis (Caspase-3) in kidney and muscle tissues at 
24, 48, 72 and 96 h as a result of exposure of Van fish to 
tebuconazole.

MATERIALS AND METHODS

The fish
Van fish caught from Lake Van was brought alive 

and put into fiberglass tanks filled with 300L water. Fish 
were randomly divided into the concentration group 
and control group. 2.5 mg/L tebuconazole was applied 
to the concentration group aquarium (Lutnicka et al., 
2016). Fish were fed daily with commercially available 
fish food. The temperature of the water was determined 
as 15–17°C, dissolved oxygen: 7.1 mg/L. A light period 
of 12 h at night and 12 h during the day was applied. In 
the study, the kidney and muscle tissues of the fish were 
taken by applying the anesthetic substance aminobenzoate 
methanesulfonate (MS222, 100mg / lt) for sampling at 24, 
48, 72, and 96 h.

 
Antioxidant enzyme analysis

SOD enzyme activity determination: Superoxide 
dismutase (SOD) enzyme activity was measured with 

Randox -Ransod enzyme kit in an autoanalyzer at 505 nm 
at 37ºC. Catalase enzyme activity determination (Xia et 
al., 1995; Flohe and Ötting, 1984). CAT enzyme activity 
was measured at 240 nm with the UV spectrophotometric 
method of Aebi (1984) based on hydrogen peroxide 
(H2O2) decomposition by catalase. GSH-Px enzyme 
activity: Glutathione peroxidase enzyme activity was 
measured with Randox-Ransel enzyme kits at 340 nm 
in an autoanalyzer, using the ultraviolet method at 37ºC 
(Paglia and Valentine, 1967; Flohe and Gunzler, 1984).

 
Analysis of malondialdehyde (MDA), DNA damage (8-
OHdG), and apoptosis (Caspase-3)

Placer et al. (1966) of the lipid peroxidation analyzed 
according to the method is based on the reaction of 
MDA, one of the aldehyde products, with thiobarbituric 
acid (TBA). The resulting MDA is a pink complex with 
TBA. The absorbance of this solution was measured at 
532 nm with a spectrophotometer, and the degree of lipid 
peroxidation was determined. In the study, Fish (8-OHdG) 
ELISA kit (Catalogue No: 201-00-0041) (SunRed brand) 
was used to determine 8-hydroxy-2-deoxyguanosine (8-
OHdG) levels. Half an hour before starting the study, 
the kit materials were brought to room temperature 
(Standard, Standard diluent, Microelisa Strip Plate, Str-
HRP-Conjugate Reagent, 30XWash solution, Biotin-(8-
OHdG) Ab, Chromogen Solution A, Chromogen Solution 
B, Stop Solution) and the kit procedure was applied 
with the specified materials (Yeltekin and Oğuz, 2018). 
Fish (CASP3) ELISA Kit (Catalogue No: 201-00-0031) 
(SunRedtrade) was used for determining caspase-3 levels 
of fish in each tissue (Alak et al., 2021).

 
Statistical analysis

The one-way analysis of variance (ANOVA) and 
Duncan tests was performed using SPSS Software (version 
SPSS 18.0) to test the significant statistical differences 
between the experimental groups. Statistical decisions 
were made using a significance level of p < 0.05. The data 
were expressed as the mean ± SE.

RESULT

Antioxidant enzymes
According to the results of the study, it was observed 

that the levels of antioxidant enzymes in kidney and 
muscle tissues decreased over time after exposure to anti-
fungal azole compounds of Van fish. It was determined 
that this decrease started as of the 24th h and continued at 
the 48th and 72nd h, especially at the 96th h, at a statistically 
significant level. It was determined that the antioxidant 
level of kidney tissue decreased significantly (Fig. 1).
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Fig. 1. The change of antioxidant enzyme levels in kidney 
and muscle tissues of Van fishes treated with tebuconazole. 
Different letters a, b, c, and d indicate a significant 
difference at p < 0.05.

Change in MDA, 8-OHdG, and Caspase-3 levels
The study observed that the MDA level in the kidney 

and muscle tissues increased over time after exposure to the 
anti-fungal azole compound of Van fish, and this increase 
reached statistically significant levels towards the 96th h. 
It was determined that there was a statistically significant 
increase in 8-OHdG levels in kidney and muscle tissue. It 
was determined that the caspase-3 level was statistically 
different, especially in the kidney tissue. It was observed 
that apoptosis in muscle tissue increased statistically 
significantly in the following h (p<0.05) (Fig. 2).

DISCUSSION

Agricultural products developed to feed the rapidly 
increasing world population bring along the intensive 
use of fungicides. Azole fungicides are a broad chemical 
class used to control molds and fungal infections on 
plants. These chemicals are also applied to ornamentals in 
commercial/residential applications (Yeltekin et al., 2020). 
Triticonazole is one such triazole fungicide, but toxicity 
data are scarce on the potential for sublethal effects in 
nontarget aquatic organisms compared to other triazole 
fungicides. In this study, Van fish were used to determine 
whether exposure to 2.5mg/l tebuconazole concentration 

would cause changes in antioxidants, lipid peroxidation, 
DNA damage, and caspase-3 levels.

Fig. 2. Changes in caspase-3, 8-OHdG, and MDA levels 
in kidney and muscle tissues of Van Fish treated with 
tebuconazole. Different letters a, b, c, and d indicate a 
significant difference at p < 0.05.

This study determined that there was a significant 
increase in caspase-3 levels in kidney and muscle tissues 
of Van fish after exposure to tebuconazole. This suggests 
that exposure to tebuconazole, which is highly toxic to 
the aquatic environment, may be induced. This result was 
in agreement with previous findings. Studies have shown 
that azole fungicide toxicity affects the immune system in 
fish and stimulates apoptosis pathways in cells (Teng et 
al., 2019). Tebuconazole exposure in rats has increased 
caspase-3 levels (Yua et al., 2013; Alaa et al., 2020).

Similarly, Xu et al. (2016) found that pesticide 
toxicity application triggered apoptosis, and accordingly, 
the level of caspase-3 increased. A study was conducted 
to investigate the oxidative stress and apoptosis caused by 
azole compounds. The study stated that azole compounds 
show subcellular effects on genes involved in ROS 
detoxification and reduce mitochondrial metabolism. 
These effects stimulate caspase enzymes by affecting 
apoptosis (Kuchovská et al., 2021).

Azole compounds cause oxidation of lipids and 
destruction of the cell membrane by the oxidative stress they 
create. This destruction affects both the nuclear membrane 
and the permeability of mitochondrial membranes. The 
resistance of cell membranes with increased permeability 
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to free radicals formed by oxidative stress also decreases. 
Thus, both the lipid peroxidation and DNA damage rate 
begin to grow in apoptosis (Lima et al., 2020). A study was 
conducted to investigate the effects of azole compounds on 
experimental models. In the study, it was stated that lipid 
peroxidation and DNA damage increased. In our research, 
as the exposure time to tebuconazole increases, the damage 
increases due to oxidative stress. Thus, an increase in lipid 
peroxidation and then the destruction of DNA damage (8-
OHdG) was detected. It was determined that 8-OHdG and 
MDA levels increased as the fungicide concentration and 
time increased in zebrafish larvae exposed to fungicide 
toxicity (Wang et al., 2021). A study was conducted in 
which the damage of azole compounds on living tissue 
was investigated. The study stated that it destroys the cell 
cycle by affecting lipid, protein, and other molecules (Liu 
et al., 2021). Similarly, it was determined that the levels of 
8-OHdG and MDA in liver tissue increased continuously 
after zebrafish were exposed to fungicide toxicity (Teng et 
al., 2019).

Studies with azolic compounds using fish are scarce, 
making it difficult to understand the mode of action 
of these toxic agents at the species. In this study, the 
toxicological effects of tebuconazole on aquatic organisms 
were observed using Van fish. According to our findings, 
tebuconazole fungicide causes oxidative stress in Van 
fish’s kidneys and muscle tissues. With this, as the duration 
of fungicide exposure increases, the levels of antioxidant 
enzymes (SOD, CAT, GSH-Px) decrease, and the effects 
of inflammation decrease. It is then possible to conclude 
that azole compounds have potential toxicological effects 
on aquatic organisms. Free radicals formed by oxidative 
stress disrupt the electron balance in the cell and destroy 
the secretory metabolism of the antioxidant enzyme 
system. Enzymes associated with the line defence in the 
antioxidant system, such as CAT, and SOD, are essential 
for detoxifying pollutants in aerobic organisms (Giraudo 
et al., 2017; Queiroz et al., 2021). GSH-Px shows a rapid 
enzymatic response when exposed to azole compounds 
similar to a heterocyclic compound produced in the 
process of degradation of the tebuconazole (Vieira et al., 
2019). CAT and SOD are necessary antioxidant enzymes 
that regulate intracellular H2O2 made in the detoxification 
process (Gebicka and Krych-Madej, 2019; Queiroz et al., 
2021). Likewise, GSH-Px, CAT, and SOD are suitable 
biomarkers to compounds that exhibit the formation of 
nitrogen compounds, such as tebuconazole. Similarly, in a 
study conducted with azole fungicide in fish, it was stated 
that antioxidant enzymes decreased over time. This study 
noted that the toxicity of azole compounds in fish kidneys 
and muscle tissues lost the prophylactic effects of potential 
antioxidant enzymes (Khalaf et al., 2021).

CONCLUSION

This study shows that tebuconazole has a toxic effect 
and creates oxidative stress in Van fish. In addition, it 
is observed that lipid peroxidation, DNA damage, and 
caspase-3 levels increase as time progresses. As a result, it 
is seen that the mixing of tebuconazole, wheat, and barley 
fungicide, which is widely used around Lake Van, with 
rain and irrigation waters, is harmful to the health of Van 
fish and the community. When the study is evaluated both 
in terms of Van fish and ecologically, it can be said that the 
adverse effects of pesticides on living things are very high.

Based on these results, the study provides a better 
integral and mechanistic understanding of toxicity in the 
kidney and muscle in tebuconazole-induced oxidative 
stress, DNA damage, inflammatory responses, and 
cell apoptosis in Van fish at environmentally relative 
concentrations. Therefore, this study provides a better 
understanding of the evidence of the biological effects 
of tebuconazole on aquatic studies for a better pesticide 
environmental risk assessment.

Data availability
All data are available from the corresponding author 

upon request.

Ethics approval
In accordance with the decision of the Animal 

Experiments Local Ethics Committee dated 25.05.2017 
and numbered 05, it was decided by our committee, with 
the date 23.05.2017 and number 36008, that the study be 
carried out in the Faculty of Fisheries, Fisheries Basic 
Sciences Department.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Aebi, H., 1984. Catalase in vitro. Method Enzymol., 
105: 121-126. https://doi.org/10.1016/S0076-
6879(84)05016-3

Alaa, A., Shreesh, K.O., Adel, S., Abdu, A., Annika, 
F., Holger, S. and Bassem, S., 2020. Experimental 
models for the discovery of novel anticonvulsant 
drugs: Focus on pentylenetetrazole-induced 
seizures and associated memory deficits. Curr. 
Pharm. Design, 26: 1693-1711. https://doi.org/10.
2174/1381612826666200131105324

Alak, G., Ucar, A., Parlak, V., Yeltekin, A.Ç., Özgeriş, 
F.B., Atamanalp, M. and Türkez, H., 2021. 
Antioxidant potential of ulexite in zebrafish brain: 

A.C. Yeltekin

https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.2174/1381612826666200131105324
https://doi.org/10.2174/1381612826666200131105324


359                                                                                        

 

Investigation of Apoptosis and Enzyme Change in Van Fish Exposed to Fungicide Toxicity 359

Assessment of oxidative DNA damage, apoptosis, 
and response of antioxidant defense system. Biol. 
Trace Elem. Res.,  199:  1092–1099. https://doi.
org/10.1007/s12011-020-02231-7

Bayer Crop Science Limited, 2005. Enviromental 
information sheet folicur® MAPP number 11278. 
CPA Guidance Notes version3.©EIS. http://www.
bayercropscience.co.uk/assets/ Uploads/Folicur_
EIS.pdf.

Chipuk, J.E. and Green, D.R., 2008. How do BCL-2 
proteins induce mitochondrial outer membrane 
permeabilization? Trends Cell Biol., 18: 157-164. 
https://doi.org/10.1016/j.tcb.2008.01.007

Cooke, M.S., Evans, M.D., Dizdaroglu, M. and Lunec, 
J., 2003. Oxidative DNA damage: Mechanisms, 
mutation, and disease. FASEB J., 17: 1195-1214. 
https://doi.org/10.1096/fj.02-0752rev

Evans, M.D. and Cooke, M.S., 2004. Factors 
contributing to the outcome of oxidative damage to 
nucleic acids. BioEssays, 26: 533-542. https://doi.
org/10.1002/bies.20027

Flohe, L. and Gunzler, W.A., 1984. Assays of glutathione 
peroxidase. Methods Enzymol., 105: 114–115. 
https://doi.org/10.1016/S0076-6879(84)05015-1

Flohe, L. and Otting, F., 1984. Superoxide dismutase 
assays. Methods Enzymol., 105: 93. https://doi.
org/10.1016/S0076-6879(84)05013-8

Gebicka, L., and Krych-Madej, J., 2019. The role of 
catalases in the prevention/promotion of oxidative 
stress. J. Inorg. Biochem., 197: 110699. https://doi.
org/10.1016/j.jinorgbio.2019.110699

Giraudo, M., Cottin, G., Esperanza, M., Gagnon, P., 
Silva, A.O. and Houde M., 2017. Transcriptional 
and cellular efects of benzotriazole UV stabilizers 
UV-234 and UV-328 in the freshwater invertebrates 
Chlamydomonas reinhardtii and Daphnia magna. 
Environ. Toxicol. Chem., 36: 3333–3342. https://
doi.org/10.1002/etc.3908

Khalaf, A.A.A., Elhady, M.A., Hassanen, E.I., Azouz, 
A.A., Ibrahim, M.A., Galal, M.K., Noshy, P.A. 
and Azouz, R.A., 2021. Antioxidant role of 
carvacrol against hepatotoxicity and nephrotoxicity 
induced by propiconazole in rats.  Rev. Bras. 
Farmacogn.,  31: 67–74. https://doi.org/10.1007/
s43450-021-00127-8

Kuchovská, E., Morin, B., López-Cabeza, R., Barré, M., 
Gouffier, C., Bláhová, L., Cachot, J., Bláha, L. and 
Gonzalez, P., 2021. Comparison of imidacloprid, 
propiconazole, and nanopropiconazole effects on 
the development, behavior, and gene expression 
biomarkers of the Pacific oyster (Magallana gigas). 
Sci. Total Environ., 764: 1429212. https://doi.

org/10.1016/j.scitotenv.2020.142921
Li, Z.H., Vladimir, Z., Josef, V., Roman, G., Jana, M., 

Jitka, K., Ping, L. and Tomas, R., 2011. Acute 
toxicity of carbamazepine to juvenile rainbow trout 
(Oncorhynchus mykiss): Effects on antioxidant 
responses, hematological parameters and hepatic 
EROD. Ecotoxicol. environ. Safe., 74: 319–327. 
https://doi.org/10.1016/j.ecoenv.2010.09.008

Lima, T.R.R., Sales, B.C.P. and Pereira, L.C., 2020. 
Oxidative stress monitoring in in vitro and 
in vivo models. In: Role of oxidative stress in 
pathophysiology of diseases (eds. P. Maurya and K. 
Dua). https://doi.org/10.1007/978-981-15-1568-
2_10

Liu, T., Fang, K., Liu, Y., Zhang, X., Han, L. and Wang, 
X., 2021. Enantioselective residues and toxicity 
effects of the chiral triazole fungicide hexaconazole 
in earthworms (Eisenia fetida). Environ. 
Pollut., 270: 116269. https://doi.org/10.1016/j.
envpol.2020.116269

Lutnıcka, H., Bojarskı, B., Ludwıkowska, A., 
Wroñska, D., Kamıñska, T., Szczygıe, J., Troszok, 
A., Szambelan, K. and Formıckı, G., 2016. 
Hematological alterations as a response to exposure 
to selected fungicides in common carp (Cyprinus 
carpio L.). Folia Biol., 64: 235-244. https://doi.
org/10.3409/fb64_4.235 

Mirkes, P.E., 2002. 2001 Warkany lecture to die or not 
to die, the role of apoptosis in normal and abnormal 
mammalian development. Teratology, 65: 228–
239. https://doi.org/10.1002/tera.10049

Paglia, D.E. and Valentina, W.N., 1967. Studies on the 
quantitative and qualitative characterization of 
erythrocyte glutathione peroxidase. J. Lab. Clin. 
Med., 70: 158-169.

Placer, Z.A., Cushman, L.L. and Johnson, B.C., 
1966. Estimation of product of lipid peroxidation 
(malonyl dialdehyde) in biochemical systems. 
Anal. Biochem., 16: 359-364. https://doi.
org/10.1016/0003-2697(66)90167-9

Queiroz, L.G., Achiles do Prado, C.C., Costa de Almeida, 
É., Dörr, A.F., Pinto, E., Teixeira da Silva, F. and 
Brazil de Paiva, C.T., 2021. Responses of aquatic 
nontarget organisms in experiments simulating 
a scenario of contamination by imidacloprid in a 
freshwater. Arch. environ. Contamin. Toxicol., 80: 
437–449. https://doi.org/10.1007/s00244-020-
00782-3

Ramírez-Santana, M., Zúñiga-Venegas, L., Corral, 
S., Roeleveld, N., Groenewoud, H., Velden, K., 
Paul, T.J. and Pancetti, S.F., 2020. Association 
between cholinesterase’s inhibition and cognitive 

https://doi.org/10.1007/s12011-020-02231-7
https://doi.org/10.1007/s12011-020-02231-7
http://www.bayercropscience.co.uk/assets/ Uploads/Folicur_EIS.pdf
http://www.bayercropscience.co.uk/assets/ Uploads/Folicur_EIS.pdf
http://www.bayercropscience.co.uk/assets/ Uploads/Folicur_EIS.pdf
https://doi.org/10.1016/j.tcb.2008.01.007
https://doi.org/10.1096/fj.02-0752rev
https://doi.org/10.1002/bies.20027
https://doi.org/10.1002/bies.20027
https://doi.org/10.1016/S0076-6879(84)05015-1
https://doi.org/10.1016/S0076-6879(84)05013-8
https://doi.org/10.1016/S0076-6879(84)05013-8
https://doi.org/10.1016/j.jinorgbio.2019.110699
https://doi.org/10.1016/j.jinorgbio.2019.110699
https://doi.org/10.1002/etc.3908
https://doi.org/10.1002/etc.3908
https://doi.org/10.1007/s43450-021-00127-8
https://doi.org/10.1007/s43450-021-00127-8
https://doi.org/10.1016/j.scitotenv.2020.142921
https://doi.org/10.1016/j.scitotenv.2020.142921
https://doi.org/10.1016/j.ecoenv.2010.09.008
https://doi.org/10.1007/978-981-15-1568-2_10
https://doi.org/10.1007/978-981-15-1568-2_10
https://doi.org/10.1016/j.envpol.2020.116269
https://doi.org/10.1016/j.envpol.2020.116269
https://doi.org/10.3409/fb64_4.235
https://doi.org/10.3409/fb64_4.235
https://doi.org/10.1002/tera.10049
https://doi.org/10.1016/0003-2697(66)90167-9
https://doi.org/10.1016/0003-2697(66)90167-9
https://doi.org/10.1007/s00244-020-00782-3
https://doi.org/10.1007/s00244-020-00782-3


360                                                                                        

 

A.C. Yeltekin

impairment: A basis for prevention policies of 
environmental pollution by organophosphate 
and carbamate pesticides in Chile. Environ. 
Res., 186: 109539. https://doi.org/10.1016/j.
envres.2020.109539

Teng, M., Zhou, Y., Song, M., Dong, K., Chen, X., 
Wang, C., Bi, S. and Zhu, W. 2019. Chronic toxic 
effects of flutolanil on the liver of zebrafish (Danio 
rerio). Chem. Res. Toxicol., 32: 995-1001. https://
doi.org/10.1021/acs.chemrestox.8b00300 

Vermeulen, K., Van Bockstaele, D.R. and Berneman, 
Z.N., 2005. Apoptosis: Mechanisms and relevance 
in cancer. Annls. Hematol., 84: 627–639. https://
doi.org/10.1007/s00277-005-1065-x

Vieira, C.E.D., Costa, P.G., Caldas, S.S., Tesser, M.E., 
Risso, W,E., Escarrone, A.L.V., Primel, E.G., 
Bianchini, A. and Martinez, C.B.R., 2019. An 
integrated approach in subtropical agro-ecosystems: 
Active biomonitoring, environmental contaminants, 
bioaccumulation, and multiple biomarkers in fish. 
Sci. Total Environ., 666: 508-524. https://doi.
org/10.1016/j.scitotenv.2019.02.209

Wang, X., Li, X., Wang, Y., Qin, Y., Yan, B. and 
Martyniuk, C.J., 2021. A comprehensive review 
of strobilurin fungicide toxicity in aquatic species: 
Emphasis on mode of action from the zebrafish 
model. Environ. Pollut., 275: 116671. https://doi.
org/10.1016/j.envpol.2021.116671

Xia, E., Rao, G., Heydari, A.R. and Richardson A.,  
1995. Activities of antioxidant enzymes in various 
tissues of male Fischer 344 rats are altered by food 
restriction. J. Nutr., 125: 195–201.

Xu, Y., Wang, N., Shi, Z.X., Li, Y.B., Zhou, X.Q. and 

Sun, Z.W., 2016. In vitro mechanistic study of 
endosulfan-induced spermatogenic cell apoptosis 
in the mouse. Toxicol. Ind. Hlth., 32: 1550–1563. 
https://doi.org/10.1177/0748233714567525

Yeltekin, A.Ç. and Oğuz, A.R., 2018. Antioxidant 
responses and DNA damage in primary hepatocytes 
of Van fish (Alburnustarichi, Güldenstadt 1814) 
exposed to nonylphenol or octylphenol. Drug 
Chem. Toxicol., 41: 415-423. https://doi.org/10.10
80/01480545.2018.1461899

Yeltekin, A.Ç. and Saglamer, E., 2019. Toxic and trace 
element levels in Salmo trutta macrostigma and 
Oncorhynchus mykiss trout raised in different 
environments. Polish J. environ. Stud., 28: 1613-
1621. https://doi.org/10.15244/pjoes/90620

Yeltekin, A.Ç., Oğuz, A.R., Kankaya, E., Özok, N. and 
Güneş, İ., 2020. Hematological and biochemical 
response in the blood of Alburnus Tarichi 
(Actinopterygii: Cypriniformes: Cyprinidae) 
exposed to tebuconazole. Acta Ichthyol. Piscat., 50: 
373-379. https://doi.org/10.3750/AIEP/02931

Yua, L., Chena, M., Liub, Y, Gui, W. and Zhu, G., 
2013. Thyroid endocrine disruption in zebrafish 
larvae following exposure to hexaconazole and 
tebuconazole. Aquat. Toxicol., Pages 35-42. https://
doi.org/10.1016/j.aquatox.2013.04.001

Zhang, R., Zhou, Z., and Zhu, W., 2020. Evaluating 
the effects of the tebuconazole on the earthworm, 
Eisenia fetida by H-1 NMR-Based untargeted 
metabolomics and mRNA. Ecotoxicol. environ. 
Safe., 194: 110370. https://doi.org/10.1016/j.
ecoenv.2020.110370

https://doi.org/10.1016/j.envres.2020.109539
https://doi.org/10.1016/j.envres.2020.109539
https://doi.org/10.1021/acs.chemrestox.8b00300
https://doi.org/10.1021/acs.chemrestox.8b00300
https://doi.org/10.1007/s00277-005-1065-x
https://doi.org/10.1007/s00277-005-1065-x
https://doi.org/10.1016/j.scitotenv.2019.02.209
https://doi.org/10.1016/j.scitotenv.2019.02.209
https://doi.org/10.1016/j.envpol.2021.116671
https://doi.org/10.1016/j.envpol.2021.116671
https://doi.org/10.1177/0748233714567525
https://doi.org/10.1080/01480545.2018.1461899
https://doi.org/10.1080/01480545.2018.1461899
https://doi.org/10.15244/pjoes/90620
https://doi.org/10.3750/AIEP/02931
https://doi.org/10.1016/j.aquatox.2013.04.001
https://doi.org/10.1016/j.aquatox.2013.04.001
https://doi.org/10.1016/j.ecoenv.2020.110370
https://doi.org/10.1016/j.ecoenv.2020.110370

