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The study was conducted on the eggs (roe) and sperm of grass carp (Ctenopharyngodon idella Val.) 
obtained during artificially induced spawning. The effect of Roundup on eggs was assessed 
using the following concentrations of the herbicide: 0.0 (control), 0.1, 0.2, 0.5, 2.0, 5.0 and 
10.0 mg/l. Sperm motility was measured at concentrations of 0.0 (control), 0.1, 0.5, 2.0, 5.0, 
10.0, 20.0 and 50.0 mg/l. The study showed that the herbicide increased swelling of grass carp 
eggs and significantly reduced the duration of sperm motility. 
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Grass carp is a phytophagous cyprinid fish able to consume large quantities of aquatic 
macrophytes (van der Zweerde, 1990), and therefore it is widely cultured as a ‘natural 
weed control’ (Pipalova, 2006; Verma et al., 2009). Due to its restrictive spawning requ-
irements, natural reproduction of grass carp can take place only in its native habitat, the 
Amur River in Asia (Shireman and Smith, 1983). In all countries where the species has 
been introduced, it must be artificially reproduced in hatcheries. The biology of the species 
is well known (Cross, 1969; Michewicz et al., 1972; Krupauer, 1989; Bozkurt and Ogret-
men, 2012), and there has been extensive research on the effects of many environmental 
(Galloway and Kilambi, 1984; Glasser et al., 2004; El-Fiky, 2002; Vajargah and Hedayati, 
2017) and anthropogenic (Jezierska et al., 2002; Lugowska et al., 2002; Jezierska et al., 
2009; Matasin et al., 2011; Ahmed et al., 2012; Vajargah and Hedayati, 2017) factors on 
grass carp. However, data on the effects of herbicides on this species are scarce. Therefore 
the aim of the present preliminary study was to determine the effects of Roundup on grass 
carp gametes.
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Material and methods

The study was conducted on eggs and sperm of grass carp, obtained from the hatchery 
of the Samoklęski fish farm in Kamionka, Poland. The material was transported in 
a refrigerator (at 5ºC) to the laboratory of the Department of Animal Physiology (Siedlce 
University of Natural Sciences and Humanities). About 2 hours after collection, a mixture 
of eggs from three females was fertilized with a mixture of sperm from three males by the 
method described by Lugowska (2009). To assess the effect of Roundup (active substance 
glyphosate, 170 g/l, Monsanto Europe S.A./N.V.) on egg swelling, 25 fertilized eggs were 
placed in Petri dishes with the following concentrations of Roundup: 0.0 ‒ control, 0.1, 0.2, 
0.5, 2.0, 5.0 or 10.0 mg/l. To establish the time and magnitude of complete swelling, the 
diameters of whole eggs and yolks were measured 20, 40, 60 and 120 min after fertilization 
using a stereoscopic microscope (1.6×12 magnification) with measuring eyepieces. 

The percentage of swelling was calculated by the following formula: 
x = (c – d) × 100 / d 

where: 
x – swelling (as increase in egg diameter) 

c – egg diameter 

d – yolk diameter 
Sperm motility was measured using a light microscope (40×12.5 magnification). Sper-

matozoa from each of three males (10 µl) were activated by mixing with 10 µl of clean tap 
water or solutions of Roundup (0.0 ‒ control, 0.1, 0.5, 2.0, 5.0, 10.0, 20.0 or 50.0 mg/l) on 
a glass slide. The time of sperm activity was measured from the moment of activation until 
cessation of movement (5 replicates for each concentration). The water temperature during 
the experiments was 24°C. 

Statistical analysis of the results was performed using STATISTICA 10 software. Nor-
mality of distribution was tested using the Shapiro-Wilk test, and homogeneity of varian-
ce using Levene’s test. Egg swelling showed normal distribution, and the results were 
analysed by ANOVA, followed by Tukey’s post-hoc test. For sperm motility, for which 
the data did not meet the criteria for ANOVA, a non-parametric Mann–Whitney U test 
was performed. The level of significance was set at p < 0.05. The data were presented as 
means ± SD.

Results and discussion

Grass carp eggs swelled completely within 120 minutes of fertilization (Fig. 1a, b). In 
the control, the swelling percentage was 181.8%. Incubation in water containing Roundup 
(except for 0.1 mg/l – 180.1% swelling) caused a significant increase in swelling, with the 
highest results obtained at concentrations of 0.5 and 5 mg/l (229.3% and 230.1%, respec-
tively). The results are opposite to those obtained in a previous study on common carp 
eggs (Lugowska, 2018), where the same concentrations of Roundup caused a significant 
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Fig 1a. The effect of Roundup on swelling of grass carp eggs 120 min after fertilization (Tukey’s 
post-hoc test ‒ different superscript letters indicate significant differences between groups) 

just after fertilization 120 minutes after fertilization –  
control group 120 minutes after fertilization – R5.0 group

Fig. 1b. Swelling of grass carp eggs
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decrease in swelling. Other available data also show that adverse environmental condi-
tions reduce swelling of fish eggs (Witeska et al., 1995; Jezierska and Slominska, 1997; 
Calta, 2001; Sikorska and Lugowska, 2005). The mechanism of the effect of herbicides on 
fish egg swelling remains unknown. The changes in egg swelling caused by Roundup are 
probably due to disturbances in water uptake and ion exchange between the perivitelline 
fluid and the external environment and/or to changes in the physical properties of the egg 
surface.

The motility of grass carp spermatozoa decreased significantly as the Roundup concen-
tration increased (except at 5.0 mg/l). The duration of movement in the control was 102.2 
s, as compared to just 42.6 s at the highest herbicide concentration (Fig. 2). In a study on 
common carp, the same concentrations of Roundup caused only a slight decrease in the 
motility of spermatozoa, with a significant effect observed only at 20 mg/l (Lugowska, 
2018). That study also discussed possible causes of the reduction in the sperm motility 
of common carp (Lugowska, 2018). Although the mechanisms of Roundup toxicity for 
fish sperm are still unknown, a review article by Hatef et al. (2011) indicates critical com-
ponents determining sperm motility (the plasma membrane, axoneme, and ATP) which 
are targets for environmental contaminants (including herbicides). Damage to the plasma 
membrane disturbs the membrane potential required for the initiation of sperm motility, 
resulting in a decrease in the number of motile spermatozoa. In the axoneme, the target of 

Fig 2. The effect of Roundup on motility of grass carp sperm (Mann–Whitney U test, p < 0.05 ‒ diffe-
rent superscript letters indicate significant differences between groups)
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herbicides is the cAMP second messenger, involved in the initiation of sperm motility via 
transfer of membrane potentials to the axoneme. At the molecular level, only one study to 
date has shown the effect of a herbicide on the adenylate energy charge (AEC), which was 
shown to decrease as ATP decreased and AMP increased. 

Conclusions

This paper presents the results of a preliminary study on the effect of Roundup on grass 
carp. The results indicate that even at low concentrations this herbicide can significantly 
affect egg swelling and sperm motility, which is of crucial importance for successful ferti-
lization and the further development of fish.
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