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ABSTRACT. The herbicide Dormex®, a solution of hydrogen cyanamide, is a growth regulator capable of 

breaking the dormancy of fruit plants, and is commonly applied in agriculture. However, the biological 

effects of this product on non-target organisms are unknown. The present study investigated the biological 

response of Astyanax lacustris (Lütken, 1875) specimens exposed to Dormex® using a chromosome 

aberration test, the mitotic index, and the histological analysis of the gills. Forty specimens of Astyanax 

lacustris were obtained from a local breeding facility and divided into 10 groups (nine experimental and one 

control) with four fish in each aquarium (group). The control group was maintained for 24 hours in 

dechlorinated water while the experimental groups were allocated to one of nine different treatments, with 

three concentrations of Dormex®, 0.05, 0.1 and 0.5 mL L-1, and exposure for 24, 48 and 72 hours. The fish 

exposed to Dormex® presented chromosomal aberrations of a number of types, including chromosomal 

breaks, acentric fragments, decondensation, and gaps at the three Dormex® concentrations, at all exposure 

times. The mitotic index decreased significantly in comparison with the control group. The histological 

preparations of the gills revealed alterations such as hyperplasia, and lamellar fusion and edema, whereas 

in the control group the structure of the gills was preserved. The cytogenetic analysis revealed the genotoxic 

potential of the herbicide Dormex® and the morphological alterations of the gills demonstrated the 

sensitivity of the fish, which responded rapidly to the stressor. These findings reinforce the need for special 

care and restrictions on the use of these herbicides in agricultural areas located near aquatic environments. 
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Introduction 

Agrochemicals, such as fertilizers, herbicides and pesticides, are widely used in many countries to increase 

agricultural productivity. Since the turn of the 21st Century, the need to feed the world’s rapidly growing 

population has maintained pressure on farmers to depend increasingly on the application of pesticides and 

fertilizers (Carvalho, 2017). However, the intensive use of these agrochemicals has been a major concern for 

the many scientists who have documented the negative effects of these agrochemicals, including disease, food 

poisoning, and environmental contamination (Alavanja, 2009; Nicolopoulou-Stamati, Maipas, Kotampasi, 

Stamatis, & Hens, 2016; Pignati et al., 2017).  

Brazil is currently one of the world’s major suppliers of agricultural products, and depends heavily on 

production-enhancing strategies, such as the planting of transgenic seeds and the application of chemical 

compounds, including fertilizers and pesticides (Pignati et al., 2017). The application of different 

agrochemicals varies by region, and in tropical regions, in particular, where insect pests and plant diseases 

tend to be more prevalent, pesticides may be applied in enormous quantities (Carvalho, 2006). The lack of 

cold weather in the tropical zone may also prevents the breaking of the dormancy of some temperate plant 

species, which may require the application of specific chemicals to ensure that dormancy is broken (Segantini, 

Leonel, Ripardo, Tecchio, & Souza, 2015). Growth regulators are a class of herbicides used to break dormancy 

in fruit plants, and one of these compounds, Dormex®, is used to stimulate and standardize budding and 

flowering in temperate species. The active ingredient of this herbicide is hydrogenated cyanamide, an organic 

compound applied in agriculture (Soltys et al., 2011), which is an efficient plant growth regulator, has been 
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used in agriculture in many regions of Brazil, where it is applied in doses ranging from 0.6 to 7% (registered 

at the Ministério da Agricultura, Pecuária e Abastecimento - Mapa, Nº 001095), depending on the crop. 

However, it is also highly toxic and exposure to this chemical is hazardous, requiring the use of adequate 

safety protocols by farmworkers applying it to crops, according to manufacturer's instructions.  

The toxicity of many pesticides and herbicides in non-target, aquatic organisms, such as fish, has been 

well documented. Solomon, Dalhoff, Volz, and Kraak (2013), reviewed the evidence on the effects of different 

classes of herbicides and their mode of action in fish. Fish are also a useful genetic model for the assessment 

of pollution in aquatic ecosystems, based on genotoxicity and mutagenicity tests, which may include the sister 

chromatid exchange and chromosomal aberrations tests, micronucleus and comet assays, and DNA repair 

synthesis (Cavaş & Könen, 2007; Saxena & Chaudhari, 2010; Mohanty, Mohanty, Nayak, Mohanty, & Dutta, 

2011; Yadav, Bhatnagar, & Kaur, 2013). These biomarkers present a clear response to the genotoxic damage 

caused by herbicides in fish, which may lead to reduced survival, growth, and reproduction (Samanta, Kumari, 

Pal, Mukherjee, & Ghosh, 2018).  

The analysis of the tissue of organs that come into direct contact with toxic agents, such as the gills, or 

those that metabolize (liver) or excrete (kidneys) xenobiotic compounds can provide clear evidence of toxic 

effects (Lins, Kirschnik, Queiroz, & Cirio, 2010). These histopathological indicators provide an important tool 

for the assessment of the health of fish (Schwaiger et al., 1997; Rašković et al., 2013; Samanta et al., 2018). 

Tabassum et al. (2016) for example, found significant alterations in the histology of the gills, kidney, and liver 

of Channa punctata (Bloch, 1793) specimens exposed to a fungicide (Propiconazol®) including primary and 

secondary atrophy and inflammation of the gill lamellae, hepatocyte degeneration, vacuolization, and 

necrotic renal tissue. The histopathological analysis of fish tissue thus permits the identification of early signs 

of disease, and contributes to the understanding of stress responses (Dane & Şişman, 2017).  

Studies on the genetic and histological damage in fish exposed to Dormex® are practically nonexistent, 

therefore, in the present study we evaluated the potential toxic effects of Dormex® on Astyanax lacustris 

(Lütken, 1875) in kidney cells using the chromosomal aberration test, the mitotic index, and the histological 

analysis of gill sections.  

Material and methods 

Herbicide characteristics 

Dormex® is a commercial solution composed of 520 of hydrogenated cyanamide (52%) and 545 g L-1 (54.5%) 

of other ingredients (Degussa AG - Alemanha), as registered at the Ministério da Agricultura, Pecuária e 

Abastecimento (Mapa, Nº 001095).  

Experimental groups 

Astyanax lacustris is a fish species widely distributed in the upper Paraná River basin (Lucena & Soares, 

2016). While not exploited as a food species, it is ecologically important as an item in the diets of 

commercially-important piscivores (Silva, Pessoa, Costa, Chellappa, & Chellappa, 2012). Adult specimens 

with a mean weight of 9±11 g and length of 9±15 cm were obtained from a local breeding facility. The fish 

were acclimatized in aquaria with dechlorinated water at room temperature, constant aeration, and natural 

photoperiod (12:12 light/dark cycle) for 10 days in the Sectoral Vivarium for Fish Keeping and 

Experimentation at Universidade Estadual de Maringá (UEM) in Maringá, Paraná state, Brazil.  

Forty specimens were divided into 10 groups, one control and nine experimental, containing n = 4 

individuals per group. Number of fish per aquarium it was established according to the body mass/water 

volume ratio that should not exceed 0.5-2 g L-1 (Concea Guide, Annex I, Fish). In the control group, the fish 

were kept in dechlorinated water for 24 hours. In each experimental group, the fish were exposed to Dormex® 

solution at concentrations of 0.05, 0.1 and 0.5 mL L-1 dissolved in 10 L of water during 24, 48 and 72 hours for 

each concentration, corresponding to an acute test. Fish euthanasia procedures were performed according to 

Inoue and Moraes (2007), for removal of the gills and kidneys.  

Choromossome preparation 

Mitotic chromosomes were obtained from the kidney cells following the technique proposed by Bertollo, 

Takahashi, and Moreira Filho (1978). The nucleolus organizer regions (NORs) were detected by impregnation 

with silver nitrate (Ag-NO3), according to the technique of Howell and Black (1980). Constitutive 
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heterochromatin was detected by the C-banding technique, as described in Sumner (1972), and stained with 

propidium iodide according to the method of Lui, Blanco, Margarido, and Moreira-Filho (2009). Some 

metaphases were stained with a base-specific fluorochrome, DAPI (4′,6-diamidino-2-phenylindole), which 

identifies chromosomal regions rich in AT bases (Schweizer, 1980). For the analysis of chromossomal 

aberrations, 60 metaphases were obtained per concentration of the Dormex® solution and 60 from the control 

group, for a total of 240 metaphases. The metaphases were analyzed under an optical microscope (Olympus) 

and photographed with an epifluorescence microscope (Axioskop, Zeiss) equipped with a digital camera 

coupled to an image-capture system. The Mitotic Index (MI) was calculated for a total of 4,000 cells per group, 

as follows: MI (%) = (number of cells in division/total number of cells) x 100 (Umar-Tsafe, Mohamed-Said, 

Rosli, Din, & Lai, 2004). 

Histological analysis 

Samples of the gill tissue were fixed in Bouin’s aqueous solution during 6 hours (Behmer, Tolosa, & Freitas 

Neto, 1976), and then stored in 70% alcohol. For histological processing, the material was dehydrated in an 

increasing series of alcohol (80, 90 and 100%), diaphanized in xylol, and embedded in paraffin. Semi-serial 

cross-sections of 6 μm in thickness were obtained using a Leica rotating microtome at the Laboratory of 

Animal Histotechnology of the Morphological Sciences Department of Universidade Estadual de Maringá 

(UEM). The slides were stained by the Hematoxylin-Eosin (HE) method (Behmer et al., 1976). For the 

morphological analysis and verification of gill abnormalities, 30 random fields were observed per animal 

under light microscopy (Olympus CX31RBSFA) with 20 and 40X objectives, following the semiquantitative 

protocol of Schwaiger et al. (1997) and a quantitative search for lamellar aneurysms. A Mean Change Value (M.C.V.) 

analysis was established, according to the degree of severity of the lesions, as described by Mallatt (1985).  

Ethical aspects 

The experimental procedures were performed in accordance with Ethics Committee for the Use of Animals 

in Research (CEUA, license number 3574220517).  

Statistical analysis 

The mitotic index and histological data, expressed as the means ± standard deviation were evaluated for 

normality using the Kolmogorov-Smirnov test. The variation in the mitotic index was evaluated using a one-

way Analysis of Variance (ANOVA) followed by Dunnett’s test for multiple comparisons. The histological data 

were also analyzed by a one-way ANOVA, followed by the Tukey test. A 5% significance level was considered 

in all analyses. The graphs were plotted in GraphPad Prism 5. 

Results and discussion 

Cytogenetic analysis 

The fish exposed to the herbicide Dormex® presented chromosomal aberrations (CAs) at all concentrations 

tested. A total of 240 metaphases (60 metaphases per group, including the control) were obtained from the A. 

lacustris specimens. In the control group, the majority of metaphases (2n = 50) had no changes in their 

chromosome structure (Figure 1A). In the herbicide treatment groups, the number of metaphases with CA (a 

total of 12) did not vary significantly among treatments or exposure times, with five being recorded at a 

concentration of 0.05, three at 0.01, and four at 0.5 mL L-1. Despite the low Dormex® concentrations applied 

in the present study, the presence of chromosomal aberrations in all three groups indicates the toxic effects 

of this compound on the fish. In addition, some metaphases presented more than one chromosome with 

aberrations (Figure 1B-F).   

The mitotic index (MI) of the kidney cells varied significantly (p < 0.05) among Dormex® 

concentrations and exposure times (Table 1, Figure 2), with a reduction in the number of kidney cells in 

mitosis in comparison with the control group (2.10 to 0.47). These results indicate that Dormex® may 

interfere with cell division in the cells of A. lacustris. There was also a significant reduction in MI as 

exposure time increased in the 0.05 and 0.1 mL L-1 groups. At the higher concentration (0.5 mL L-1), 

however, an inverse relationship was found with exposure times, which may reflect a reduction in the 

concentration of the cyanamide in the water over time, which may have allowed for the recovery of the 

animals, or alternatively, an increase in the effectiveness of DNA repair mechanisms over time. 
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Understanding the DNA repair mechanisms in a target species is of fundamental importance, given that 

this is the main line of defense of an organism against genotoxic agents (Kienzler, Bony, & Devaux, 2013). 

Srivastava and Singh (2013), found that the mitotic index was significantly (p < 0.05) reduced in the 

kidney tissue of specimens of the walking catfish, Clarius batrachus (Linnaeus, 1758), exposed to sub-

lethal doses of carbamate fungicide (11.43 and 22.87 mg L-1), after 24, 48, 72 and 96 hours. 

 

Figure 1. Metaphases of Astyanax lacustris (Lütken, 1875): A) Control group. (B-F) Groups after exposure to Dormex® solution; the 

arrows indicate chromosomal aberrations. B) Chromatid breaks and gaps (0.05 mL L-1, 24 hours), Ag-NOR chromosome highlighted 

(arrowhead and box). C) Region of descondensation (0.05 mL L-1, 48 hours). D) Acentric fragment (0.5 mL L-1, 24 hours). E) Chromatid 

breaks and gaps (0.5 mL L-1 for 48 hours). F) Chromatid breaks (0.5 mL L-1 for 72 hours). Bar = 100 µm. 

Some herbicides, such as those in the HRAC (Herbicide Resistance Action Committee) group, interfere 

with cell division, including the dinitroaniline, phosphoroamidate, pyridine, benzamide, benzoic acid, 

carbamate, and arylaminopropionic acid classes of compounds (Beffa, Menne, & Köcher, 2019). These 

herbicides act through physiological different mechanisms, including the inhibition of the assembly or 

organization of microtubules, the prevention of the separation of the chromosomes during meiosis, and 

interference with the synthesis of new cell membranes or the cellulose component of the cell wall (Solomon 

et al., 2013; Beffa et al., 2019). Soltys et al. (2011), analyzed the cytotoxic effects of hydrogen cyanamide on 

the roots of the onion, Allium cepa L., and observed a number of alterations, such as a reduction in the number 

of mitotic cells (mitotic index), inhibition of the proliferation of the meristematic cells and the cell cycle, and 

modifications in the arrangement of the cytoskeleton. Given this, the reduction of the mitotic index observed 

in the kidney cells of A. lacustris in the present study can, likely be explained by the hydrogenated cyanamide 

affecting mitotic cell division through at least one of these mechanisms. 

The types of aberrations found in the chromosome structure of the A. lacustris specimens included 

chromatid breaks, chromatid gaps, decondensation, and acentric fragments (Figure 1B-F; Figure 3D). These 

chromosomal aberrations were classified following Savage (2004). Chromosome or chromatid breaks are 

identified by a shifted fragment, which does not align with the rest of the chromatid, resulting in a 

discontinuity in the remainder of the chromosome, which is wider. Chromosome gaps are small, discolored 

regions that may appear in varying positions on the chromosome arm. Chromosome aberrations have been 

recorded in numerous fish species exposed to pesticides. Chromatid breaks and gaps, and acentric fragments 

have been observed in Channa punctatus exposed to the insecticide Dichlorvos® (Rishi & Grewal, 1995), in 

Clarius batrachus exposed to the carbamate fungicide Mancozeb® (Srivastava & Singh, 2013), and in Cirrhinus 

mrigala (Hamilton) exposed to Butachlor (Yadav et al., 2013). 
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Table 1. Mean ± standard deviation of the mitotic index of kidney cells counts of Astyanax lacustris (Lütken, 1875) exposed to Dormex® 

(4,000 cells per group). 

Experimental Groups (Concentrations) Exposure time (hour) (mean ± standard deviation) 

Control 
24 2.10 ± 0.47 

24 0.55 ± 0.20* 

0.05 mL L-1 

48 0.42 ± 0.20* 

72 0.22 ± 0.14* 

24 0.42 ± 0.20* 

0.1 mL L-1 

48 0.45 ± 0.06* 

72 0.20 ± 0.12* 

24 0.22 ± 0.14* 

0.5 mL L-1 48 0.37 ± 0.16* 

 72 0.45 ± 0.06* 

*Indicates significant difference in relation to the control (p < 0.05). 

 

Figure 2. Mitotic index of the kidney cells of the Astyanax lacustris (Lütken, 1875) specimens after treatment with Dormex®: A) 0.05; B) 

0.1; and C) 0.5 mL L-1. *Indicate significant difference in relation to the control group (p < 0.05). 

 

Figure 3. Sequential metaphases of Astyanax lacustris (Lütken, 1875) following exposure to Dormex® (0.05 mL L-1 for 24 hours): A) 

Conventional Giemsa staining. B) C-banding. C) DAPI. D) Individualized chromosomes showing chromatid breaks in the long arms (I, 

II, III, IV, VI, VII) and a chromatid gap (V). Bar = 100 µm. 

The cytotoxicity of Dormex® in the kidney cells of A. lacustris was also assessed by chromosomal banding 

(Ag-NORs, DAPI staining, and C-banding), to detect specific regions corresponding to aberrations. Staining 

with silver nitrate (Ag-NOR) identified a homologous pair of nucleolar, which had a decondensed region 

(secondary constriction) in the short arm of a subtelocentric chromosome (Figure 1B, arrowhead). The  

C-banding revealed a few heterochromatic blocks, distributed in the pericentromeric and telomeric regions 

of some chromosomes, including the nucleolar pair. However, most of the alterations involved the long arms 

of the metacentric, submetacentric, and acrocentric chromosomes (Figure 3D), and did not coincide with the 
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heterochromatic blocks. The chromatid breaks shown in Figure 3A were negative for DAPI staining, which 

indicates a lack of AT repeats (Figure 3C). The distribution of inter- and intra-chromosomal breakpoints does 

not appear to be random, and breaks tend to occur preferentially in active regions of the chromatin (Obe et al., 

2002), as shown in the present study, where the break points do not coincide with heterochromatic regions. 

However, this pattern requires confirmation through a larger sample of C-banded metaphases in exposed 

specimens. 

The cytogenetic data presented here characterize the genotoxic potential of Dormex® in A. lacustris. The 

fact that the number of metaphases with CAs did not vary significantly does not override the harmful effects 

of this herbicide in fish, even at low concentrations, and reinforces the need for caution in the application of 

this herbicide in areas close to aquatic environments. 

Histological evaluation 

The respiratory system is the principal interface between a fish and its aquatic environment, and is thus 

the first organ to be affected by pollutants dissolved in the water (Heath, 1995). The variation in the 

morphology of the gills of A. lacustris following exposure to Dormex® at different concentrations and exposure 

times are shown in Figure 4 and 5. In the control group, the morphology of the gills was preserved, with well-

defined spaces developing between the secondary lamellae (Figure 4A). Exposure to Dormex® caused a 

significant increase in the extension of the tissue, resulting in lamellar fusion (Figure 4B) and hyperplasia 

(Figure 4C) of the gills in all the concentrations and exposure times, in comparison with the group control. 

Lamellar edemas (aneurysms) were also observed, albeit less frequently, in the gills of all the specimens 

exposed to Dormex® (Figure 4D). 

 

Figure 4. Photomicrographs of the gills of Astyanax lacustris (Lütken, 1875): A) Normal structure. B) Lamellar fusion (arrow). C) 

Epithelial hyperplasia (circled). D) Lamellar edema (arrow). HE (20X). Bar = 50 µm. 

The histopathological effects of pesticides on fish have been studied widely, and include alterations to the 

gills, liver, blood vessels, and kidney (Castro, Silva, Freitas, & Carvalho-Neta, 2014; El-Sharaby et al., 2018; 

Velmurugan, Cengiz, Yolcu, Uğurlu, & Selvanayagam, 2020). In fish, the gills initially respond through 

hyperplasia, which results in increased cell and tissue function, caused by physiological changes (Takashima 

& Hibiya, 1995). Histological analyses of the gills, liver, skin, and brain of Piaractus brachypomus (Cuvier, 

1818) exposed to different concentrations of the glyphosate-N (phosphonomethyl) glycine herbicide 

(Roundap®) revealed extensive anatomo-pathologial alterations, included interlamellar hyperplasia, lamellar 

fusion, and edema in the gills which indicates that these organs are targets of the toxic effects of this herbicide 

(Ramírez-Duarte, Rondón-Barragán, & Eslava-Mocha, 2008). 

Morphological damage to fish gills, such as epithelial hyperplasia, lamellar fusion and epithelial elevation, 

after exposure to pesticides, act as defense mechanisms, and generally cause a decrease in the respiratory 

surface, thereby inhibiting pesticide absorption and increasing the pesticide-blood diffusion distance 

(Velmurugan et al., 2020). The decrease in the surface area available for respiration also results in a loss of 

osmoregulatory mechanisms (Nogueira, Castro, Vieira, & Rigolin-Sá, 2011), and may ultimately result in 

death from anoxia (Rand & Petrocelli, 1985). This defense mechanism was probably triggered in the  
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A. lacustris individuals in response to exposure to the Dormex®. The analysis of the mean changes values 

(M.C.Vs) also indicates a gradual increase in the severity of the lesions (hyperplasia and lamellar fusion) in 

the A. lacustris specimens over time and among the different concentrations (Figure 5). However, animals 

exposed to Dormex® over 72 hours did not survive, due to the anoxic mechanism. 

 

Figure 5. Mean Change Values (M.C.V.) in the gills of Astyanax lacustris (Lütken, 1875): Hyperplasia: A) 0.05; B) 0.1; C) 0.5 and 

Lamellar fusion; D) 0.05; E) 0.1; and F) 0.5 mL L-1. b,c,dIndicates significant difference in relation to the control (p < 0.05). 

The effects of aquatic contaminants have been evaluated in other Astyanax species. Specimens of Astyanax 

altiparanae Garutti & Britski. 2000 and A. fasciatus presented a range of morphological alterations of the gills, 

such as lamellar aneurysm, epithelial elevation, hyperplasia, and hypertrophy, in response to the poor water 

quality (Winkaler, Silva, Galindo, & Martinez, 2001). Virgens, Castro, and Cruz (2015), also showed 

histological changes in the gills of Nile tilapia (Oreochromis niloticus), exposed to Acephate, Diphenoconazole, 

and Sulfluramide at concentrations typically used by farmers, and concluded that these agrochemicals impact 

the aquatic environment and induce lesions in the gills of O. niloticus that have negative impact on the 

respiratory physiology of these fish. 

Conclusion 

The present study provides the first evidence on the genotoxic and morphological effects of Dormex® on 

A. lacustris specimens, based on the analysis of cytogenetic and histological biomarkers. This integrated 

analyses proved highly effective for the understanding of the impact suffered by the fish at a cellular level 

when exposed in vivo to the herbicide Dormex®. These findings reinforce the need for special care and 

restrictions on the use of these herbicides in agricultural areas located near aquatic environments. 
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