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Abstract. The aim of the present work was to investigate the response of zebrafish to the effects of widely-

used organophosphates roundup and chlorpyrifos and putative effectiveness of chlorella in terms of 

decreasing pesticides toxicity. Studied organophosphate pesticide roundup and chlorpyrifos in ecologically 

relevant concentrations, both individually and in a mixture, evoked the prominent suppression of catalase and 

total antioxidant capacity in the liver of Danio rerio which were consistent with higher levels of lipid 

peroxidation, protein carbonylation, and DNA strand break. Also, both roundup and chlorpyrifos provoked 

endocrine disorders registered as induction of vitellogenin and depletion of triiodothyronine as well as 

neurotoxicity appeared as inhibition of acetylcholinesterase after individual action or activation after 

combined action. The rate of apoptosis observed by caspase 3 activity was decreased, but in different manner 

depends on the exposure. The potency of toxicity followed the order: roundup > chlorpyrifos > roundup + 

chlorpyrifos (due to some kind of antagonistic action between chlorpyrifos and roundup in the binary 

mixture). Based on the results of CART analysis triiodothyronine, TBARS and caspase 3 were determined as 

the most significant indices for discrimination of the studied groups. The introduction of Chlorella vulgaris 

in the amount of about 100 thousand cells L-1 into the environment did not show a significant bioremediation 

effect on the harmful effect of studied pesticides for Danio rerio, which does not exclude the positive impact 

of algae on the functioning of the ecosystem as a whole and requires further comprehensive research. 

1 Introduction 

In case of complex pollution, inherent in natural fresh 

water reservoirs, the measurement of hydrochemical 

parameters, as well as the determination of the toxicant 

concentration in organisms may not be sufficient criteria 

for hazards assessment [1]. The issue is especially urgent 

in case of organic pollutants, in particular pesticides, 

personal care products, etc., which are difficult to detect 

due to persistent chemical transformations. Also, due to 

key points of Program on Pesticides and Sustainable Pest 

Management OECD countries have been working 

together on methodological approach of the risks of 

individual pesticides evaluation more quickly and 

thoroughly (www.oecd.org). 

The world population is predicted to rise to 9.7 billion 

by 2050, which is 30% more than in 2017. Increasing 

population requires an increase in food resources, 80% of 

which, according to US Food and Agriculture 

Organization expectations, will be provided by expansion 

of agricultural land area, and thus by growing use of 

chemicals for crops treatment (https://www.who.int/). 

Pesticides are extremely important in the agrochemical 

sector and their global production is growing by 11% 

annually, from 0.2 million tons in 1950 to more than 5 

million tons in 2000 (FAO, 2017). As of 2019, Ukraine 

ranks 6th in the world in terms of pesticide use 

(https://www.worldometers.info/food-

agriculture/pesticides-by-country/). Due to their 

cumulative properties and long half-live (e.g. 45-60 days 

for roundup) most pesticides circulate in ecosystems and 

can be accumulated in non-target organisms and be 

included in food chains, showing signs of toxicity [2]. 

Following primary effect, the pesticides’ residuals which 

remain in the environment, are able to exert long-term 

harmful effects for physiological and biochemical 

systems of non-target animals. Nevertheless, promotion 

of green growth strategies and action plan for sustainable 

use of pesticides that contributes to further risk reduction 

all over the world, studies conducted by US 

Environmental Protection Agency showed the presence of 

micromolar amounts of atrazine and roundup in about 

30% of 154 analysed river water samples 

(https://toxics.usgs.gov/highlights/glyphosate02.html). 

Moreover, roundup exists in rivers (0.1-0.7 mg/l), 

sediments (0.0-4.9 mg/kg) and soil (0.5-4.3 mg/kg), 

sometimes even at concentrations close to toxic [3]. 

Take into account abovementioned huge amount of 

pesticides that are using, a promising technology for 

reducing the risk of chemical pollution of water reservoirs 

is urgently needed [4]. It is known that microalgae can 

reduce the level of water and soil pollution by adsorption, 

accumulation and metabolism of pesticides up to safe 

levels or their transformation into less harmful or 

harmless compounds and substances [5]. As an example, 

unicellular green algae Chlamydomonas mexicana, 
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Micractinium reisseri, Scenedesmus obliquus and 

Chlorella vulgaris managed to decrease in residual 

concentrations of atrazine in the environment after 14 

days of co-treatment [6]. 

Therefore, the aim of our work was to investigate the 

response of zebrafish to the effects of widely-used 

organophosphates roundup and chlorpyrifos and putative 

effectiveness of chlorella in terms of decreasing pesticides 

toxicity. We suggest to use the cyprinid fish Danio rerio, 

as a conventional biological model for mechanistic and 

toxicological studies. Zebrafish demonstrate universal to 

vertebrates’ responses to stress and toxicants, which make 

these organisms important in extrapolating the results for 

assessment of the biosafety of human environment. The 

state of the body was assessed by the indicators of stress 

and toxicity validated in our previous studies [7-9]. In 

particular, the oxidative stress block included catalase 

activity, total antioxidant capacity, lipid and protein 

peroxidation. The rate of cytotoxicity was determined by 

DNA strand breaks, acetylcholinesterase (neurotoxicity), 

vitellogenin-like proteins (endocrine disorders). 

2 Materials and methods  

2.1 Animal collection and exposures 

A toxicity of pesticides was evaluated on the adult 

zebrafish. Experiments were followed the rules of 

laboratory animal welfare and were approved by the 

animal ethics committee of Ternopil V. Hnatiuk National 

Pedagogical University (No. 2; 11 June 2020). The 

experiment was conducted according to the National and 

International animal protection policy. The zebrafish 

(3.4 ± 0.4 cm and 1.5± 0.2 g) used in this study were 

purchased from the local supplier. Zebrafish were 

maintained in aquarium tanks with 12 h/12 h light/dark 

cycle. The fish were fed with commercial food (Aquarius, 

Kharkiv, Ukraine) daily and water was changed once 

every three days. The mean values of selected 

hydrochemical parameters were: temperature 18±0.5oC, 

dissolve oxygen around 8.1 mg·L−1 (7.9÷8.3 mg·L−1), pH 

7.6±0.3. 

Fish were divided into three experimental groups (30 

fish each) and a control group which treated by any of 

studied pesticides or their combination. Meanwhile, 

experimental fish were exposed to roundup (R,  

15 µg·L-1), chlorpyrifos (ClP, 0.1 µg·L-1), and their 

mixture (R+ClP, 15 µg·L-1+0.1 µg·L-1) for 14 days at 
20 °C. All exposures were used in the environmentally 
relevant concentrations. The fish were randomly 

distributed into 10 L glass aquaria, 15 specimens in 

aquarium. The trial was duplicated. All studied groups of 

Danio rerio were treated by Chlorella vulgaris 

suspension (100 000 cells·L-1) [10]. During the 

experimental procedure no fish mortality was registered. 

Also, electrical conductivity, hardness, chloride and 

oxidizability were analyzed by standard methods and 

didn’t exceed permitted value for fresh- and tap-water.  

When the exposure ended, the animals were killed and 

liver and brain were immediately dissected on ice. 

2.2 Oxidative stress assay 

Catalase (CAT) activity was determined in the 

supernatant of liver tissue homogenate (1:10 w:v) by 

following the decrease in hydrogen peroxide at 240 nm 
[11]. CAT activity was calculated using the extinction 

coefficient, ε = 40 M−1 cm−1, and referred to the soluble 

protein. The free radical scavenging capacity of the liver 

tissue homogenate (1:10 w:v), calculated as percentage 

inhibition of ABTS+ , was equated against a Trolox 

standard curve [12]. Lipid peroxidation was determined in 

the 10% liver tissue homogenate by the production of 

TBA-reactive substances (TBARS) as described in [13] at 

532 nm. A molar extinction coefficient of 
1.56·105 M−1 cm−1 was used. The protein oxidation by the 

protein carbonyls (PC) was evaluated in the 

trichloroacetic acid-treated 10% liver homogenate using 

2,4-dinitrophenylhydrazine at 370 nm [14]. The protein 
carbonyls amount was calculated with 

εmM = 2.2·104 M−1 cm−1. Data were expressed as μmol 
PC·g−1 fresh weight (FW). 

2.3 Assays of cytotoxicity and apoptotic 
activities 

DNA fragmentation was assessed by the levels of protein-

free DNA strand breaks in the (1:10 w:v) liver tissue 

homogenate in 50 mM Tris-EDTA buffer, pH 8.0 which 

contains 0.5% sodium dodecyl sulphate (SDS) by the 

alkaline DNA precipitation assay using Hoescht 33342 

dye [15]. Probe fluorescence signal was detected at 

Ex/Em of 360/450 nm.  
For the characteristics of apoptosis, activities of both 

cytosolic and lysosomal proteases were detected. The 

activity of an apoptosis executor caspase-3 was assayed at 

405 nm (εmM = 10.5 mM−1⋅cm−1) [8, 16].  

Acetylcholinesterase (AChE) activity was 

spectrophotometrically determined in the supernatant of 

brain tissue homogenate (1:10 w:v) as an increase in 

optical density of the sample measured at 412 nm [17] 
with acetylthiocholine applied as a substrate. 

Vitellogenin-like proteins were estimated as the 

alkali-labile phosphate level in blood plasma as described 

in [18]. The phosphomolybdenum assay was applied to 

determine the level of free phosphates. 

The blood serum triiodothyronine concentration was 

measured with diagnostic ELISA kit using the 96-well-

plate solid phase competitive system (Sigma-Aldrich, 

USA) according to the manufacturer’s instructions. The 

absorbance was measured at 450 nm in an ELISA reader 

(Biorad Microplate Reader, USA). 

2.4 Statistical analysis 

The data are presented as means ± standard error (SE). 
The normality of data were approved by Kolmogorov-

Smirnoff test and, if possible, were normalized the by 

Box-Cox transforming method. To the data following a 

non-normal distribution, non-parametric tests was 

employed. The P-value <0.05 was considered significant. 
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All statistical operations were performed using Statistica 

v. 12.0 and Excel 2016.  

3 Results and discussion  

The antioxidant parameters namely total antioxidant 

capacity and catalase activity in Danio rerio liver were 

significantly decreased after exposure by 

organophosphate pesticides when compared with the 

correspondent control (Fig. 1). Meanwhile, studied 

chemicals provoked an increase in lipid peroxidation and 

protein carbonylation level with the most prominent 

changes found in the R-group. No significant differences 

were shown in fish responses to individual and combine 

action of organophosphates. 

Roundup and chlorpyrifos caused an increase in DNA 

fragmentation and caspase 3 activity in hepatocytes and a 

decrease in AChE activity in fish brain when compared 

with the control animals (Fig. 2). The cytotoxic signs after 

combined action of pesticides were differed from 

individual one. It is highly likely that there was 

antagonistic relation while combined action. The 

generally higher level of vitellogenin in male specimen 

particularly in ClP-group and T3 concentration indicates 

an endocrine disrupting effect of media.  

 
Fig. 1. Oxidative stress parameters in the liver of Danio rerio 

after the effect of roundup (R), chlorpyrifos (ClP) and their 

combination along with presence of Chlorella vulgaris in the 

media. Data for A: Total antioxidant capacity, B: Catalase, C: 

TBARS, D: protein carbonyls, are present as means ± SD 
(n = 8). The columns that share the same letters indicate the 
values that are not significantly different (P > 0.05). 

Classification tree was built using CART analysis of 

all studied biological parameters identified 3 splits and 4 

terminal nodes (Fig. 3A). Overall, the CART analysis 

supports an important role of the triiodothyronine in the 

response and adaptation of animals to deteriorated effects 

of pesticides even in low environmental realistic 

concentration. TBARS and caspase 3 activity also 

pertained to the most important parameters discriminating 

the experimental groups. No classification mismatch was 

observed between the experimental groups. 

The discriminant analysis helped us to find out the 

similarity of animals responses to different pesticides 

(F27,35 = 17.2, p< 0,0001). Fish had affected by 

organophosphorus-containing pesticides reacted 

similarly. Danio treated by the combination of two 

pesticides were alike in the response to individual 

roundup action. The most prominent parameters for 

discrimination of studied groups were quite close to that 

selected by CART analysis and included TBARS, T3 and 

Vtg. 

 
Fig. 2. Biomarkers of cytotoxicity in the liver and brain of Danio 

rerio after the effect of roundup (R), chlorpyrifos (ClP) and their 

combination along with presence of Chlorella vulgaris in the 

media. Data for A: DNA strand break, B: caspase 3 activity, C: 

acetyl cholinesterase activity; D: vitellogenin-like proteins; E: 

triiodothyronine are presented as means ± SD (n = 8). 

Organophosphates pertain to the most usage pesticides 

in the world, particularly glyphosate which takes the first 

place according to the amount of sale [19]. However, 

numerous signs of acute toxicity in wide range of non-

targets have been reported. When neurotoxicity of 

organophosphates is well-defined, endocrine disruption is 

being worth noting. In particular, acute long-term (21 

days) exposure of zebrafish at 10 mgL-1 Roundup or 

glyphosate induced changes in gene expression of 

cyp19a1 and esr1 in the ovary and hsd3b2, cat, and sod1 

in the testis [20]. Also, 5 mgL-1 glyphosate exposure in 

Japanese medaka provoked alterations of neuroendocrine-

related genes kiss1 and kiss2 in female brain in addition 

to reproductive, developmental, and epigenetic 

modifications [21]. Compatible effect was also shown for 

chlorpyrifos after subacute treatment of Danio [22]. In 

present investigations we have proved that both studied 

organophosphate pesticides namely roundup and 

chlorpyrifos in very environmentally realistic 

concentrations interfere with steroid hormones’ 

biosynthetic pathway and have prominent endocrine 

disruption effect on adult Danio rerio. Our conclusion 
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doesn’t correspond to EPA statement that chlorpyrifos 

poses no endocrine disruption risks and is recommended 

no further testing 

(https://www.epa.gov/sites/production/files/2015-

06/documents/chlorpyrifos-059101_2015-06-

29_txr0057162.pdf). 

 

A 

 

B 

 
Fig. 3. Classification and regression tree analysis (CART) (A) 

and discriminant analysis (B) biplots integrating all biological 

traits of zebrafish Danio rerio from different pesticide treated 

groups. 

As we have shown, roundup and chlorpyrifos affect 

not only steroidal hormones pathways but also 

hypothalamus-pituitary-thyroid axis. Besides that, 

triiodothyronine includes into set of most important 

parameters that distinguish studied groups in CART 

analysis (Fig. 3A). In fish, thyroid hormones are involved 

in the regulation of metabolic pathways, somatic growth, 

skeletal development, reproduction, and behavior [23] 

and some organophosphates have been reported to alter 

the thyroid system. As an example, malathion provoked a 

decrease in thyrotropin synthesis and secretion, reduction 

of thyroxine and triiodothyronine levels, decline the 

plasma T3 levels and T3/T4 ratio which caused serious 

disrupting effects in developmental and growth patterns, 

behaviors, fitness and survival in catfish and Senegalese 

sole [24, 25]. It might be that organophosphate pesticide 

not only blocks the T4 secretion, but also inhibits the 

thyroidal conversion of T4 into T3 [26, 27]. This 

suggestion is corroborated by some of 

immunohistochemical studies of thyroid follicles and T3 

and T4 immunoreactivities in colloid, plasma, and in 

follicle-surrounding epithelial cells [26]. 

As was expected AChE activity significantly reduced 

in fish brain after individual exposure to roundup and 

chlorpyrifos. Our results keep in line with previous 

reports devoted to organophosphate pesticide action on 

fish species including cyprinids. In particular, profenofos 

exposure (60 µgL-1) during 60 days caused prominent 

AChE inhibition in the brain of Labeo rohita [28]. A 

sublethal exposure of Astyanax aeneus (Characidae) and 

stinging catfish Heteropneustes fossilis to ethoprophos 

and Envoy 50 SC correspondingly caused a significant 

reduction of brain cholinesterase activity [29, 30]. 

However, in the present study the inhibitory effect of 

studied organophosphate was appeared in case of chronic 

exposure rather than acute exposure. Indeed, harmful 

effects related to the mode of action of the pesticides can 

be triggered in environmental realistic concentrations that 

are in times lower than lethal ones. 

Despite the inhibitory effect of roundup and 

chlorpyrifos on AChE activity after their individual 

action, the combine exposure caused opposite effect, an 

increase in the enzyme activity. Moreover, this apparent 

increase in AChE activity was in a good correlation with 

increasing of caspase 3 activity (r=0.72, p<0.01), key 

enzyme of apoptosis when compared with individual 

pesticide action. Some would prove that AChE might be 

involve in the promotion of various types of apoptosis 

[31] and very 55 kDa AChE protein induced during 

apoptosis [32]. Thus, it is plausible that AChE mediates 

of apoptosis in zebrafish, but further studies are needed to 

confirm this hypothesis. 

A lot of pollutants provoke oxidative stress in animals, 

including cyprinid fish, which is considered to be one of 

the main mechanisms of non-specific effects of pollutants 

[2, 8, 33]. It has been shown that organophosphate 

pesticides stimulate the generation of ROS and cause lipid 

peroxidation and/or protein carbonylation. In particular, 

in neotropical fish Prochilodus lineatus after acute 

exposure (6, 24 and 96 h) to 10 mgL-1 of Roundup [34], 

in R. quelen after 96 h of exposure to 0.2 and 0.4 mgL-1 

of Roundup [35], and in Channa punctatus [36] after the 

effects of three sublethal concentrations 3.25 -  

6.51 mgL-1 of Roundup the concentration of TBARS in 

liver and gills tissue was higher than in the correspondent 

control. Our results support previous findings and 

reinforce the idea even in low environmental realistic 

concentration. Moreover, prominent oxidative damage 

has been in a good agreement with oppression of 

antioxidant defense estimated by a decrease in activity of 

catalase and total antioxidant capacity. This phenomenon 

points out clearly an increased pro-oxidant status in 

affected fish. These data corroborate evidence that 

oxidative stress has been arising after glyphosate and 

chlorpyrifos attenuate detoxification system of animals 

and potentially follow on neurotoxicity, cardiovascular 

toxicity, and reproductive toxicity [37].  

In general, an increase in TBARS and PC was 

accompanied by increase of DNA damage in liver of 

zebrafish, except of R+ClP-group. Thus, it is highly likely 
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that roundup and chlorpyrifos would have caused 

alterations in DNA integrity of Danio rerio. Our data 

corroborate with previously reported pesticide-mediated 

DNA damage in different fish species [2, 8]. However, 

when fish were exposed by mix of organophosphate 

pesticides unexpected DNA strand break level in line with 

control was disclosed. Commonly, animals are fitted out 

with independent cascades of enzymes to alleviate 

oxidative stress and repair damaged cells produced as a 

response to exposure to xenobiotics. Meanwhile the 

combined action of pesticides obviously was powerful 

enough to trigger apoptosis for eliminating damaged cells.  

Discriminant analysis revealed that the response of 

Danio to individual action of chlorpyrifos and roundup 

was quite similar, because they belong to the same class 

of pesticides (Fig. 3B). When we compared the effects of 

organophosphate pesticides in terms of their individual 

and combined action, no significant signs of additive 

effect on oxidative stress parameters were disclosed. In 

the same time, cytotoxic parameters were differed in case 

of individual and combined pesticide treatment, but no 

clear dependence was depicted. This however, may be 

attributed to the antagonistic action of chlorpyrifos and 

roundup in the mixture. Some would say that the effects 

of binary mixtures of pesticides are variable and 

sometimes contradictory [38]. It has been shown the 

significant antagonistic effects on mortality ratios in 

Cnesterodon decemmaculatus treated by Glifoglex and 

Glextrin formulations. These authors demonstrated a 

strong inhibition of Glextrin toxicity, almost completely 

overridden by Glifoglex formulation. All of these allow 

us to deduct that it might be some kind of antagonistic 

action between chlorpyrifos and roundup in the binary 

mixture, that suppress the predictable effects of the 

individual compounds. 

It has been shown that there is a synergic relation 

between green algae as a low-cost biosorption and filter 

material for removal of heavy metals [39]. Meanwhile, 

information related to organic pollutants including 

pesticides are controversial. In particular, there was no 

significant overall reduction of 37 different wild-used 

pesticides after short-term exposure (1 h). However, long-

term exposure to growing cells of C. vulgaris significantly 

reduced the amount of pesticides in water [40]. On the 

other hand, C. vulgaris was exposed to organophosphate 

pesticides in subacute concentrations, has been reported 

the most sensitive from different species of diatom, 

cyanobacteria, and chlorophyta [41]. Obviously, it might 

have been a reason that in the present study we haven’t 

shown positive bioremediation effect of Ch. vulgaris on 

roundup and chlorpyrifos toxicity to Danio. It points to 

uncertainty of the ratio of commonly used 

organophosphate pesticides and algae in water media and 

emphasize the importance of further studies. 

4 Conclusion   

Thus, the action of ecologically relevant concentrations of 

roundup and chlorpyrifos, both individually and in a 

mixture, caused the suppression of antioxidant defense 

systems in striped zebrafish, consistent with higher levels 

of lipid peroxidation, protein carbonylation, and DNA 

damage. Also, exposures provoked endocrine disruptions 

registered as expression of vitellogenin and depletion of 

triiodothyronine and neurotoxicity. It might be some kind 

of antagonistic interaction between chlorpyrifos and 

roundup when they are in the same media. In general, 

observed changes in cellular and molecular responses 

varied in magnitude and frequency, and in some cases 

suggested causal relationships among studied indices. The 

introduction of Chlorella vulgaris in the amount of about 

100 thousand cells L-1 into the environment did not show 

a significant bioremediation effect on the harmful effect 

of studied herbicides for Danio rerio, which does not 

exclude the positive impact of algae on the functioning of 

the ecosystem as a whole and requires further 

comprehensive research. Thus, runoff from agricultural 

lands into the surface water that contains even background 

concentrations of organophosphate herbicides may pose a 

risk to non-target organisms, and the use of algae in 

detoxification processes requires more detailed 

hydrobiological analysis in favor of finding a prospective 

approach for the removal of pesticides from freshwater 

bodies as an efficient tool for sustainable development 

and pollution control [42]. 
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