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Effects of praziquantel on common 
carp embryos and larvae
Josef Velisek*, Eliska Zuskova, Jan Kubec, Marie Sandova & Alzbeta Stara

This study aimed to assess the toxicity of praziquantel (anthelmintic drug) in different developmental 
stages of common carp (Cyprinus carpio) based on mortality, early ontogeny, growth, oxidative stress, 
antioxidant enzymes, histology and behaviour. Praziquantel at all tested concentrations ranging from 
1 to 4 mg/L showed no significant adverse effects on mortality, the early ontogeny and behaviour 
locomotory (activity, moved distance and velocity) of carp after 35-day exposure. Concentrations of 
3 and 4 mg/L caused significantly (P < 0.01) lower growth, total superoxide dismutase and catalase 
activities compared with controls. Praziquantel is safe for the early life of carp in concentrations 
≤ 2 mg/L.

Praziquantel [2-(cyclohexylcarbonyl)-1,2,3,6,7,11b-hexahydro-4H-pyrazino (2,1-a) isoquinolin-4-one] is a 
pyrazinoisoquinoline medication developed for the treatment of helminth infections in humans and domestic 
animals1,2. Praziquantel is considered as useable antiparasitic compound against fish platyhelminths2–6). For praz-
iquantel, the maximum residual limit in fish in the EU has not been determined, unlike in some non-EU states 
and can be used only in ornamental and non-food fish. Praziquantel lacks registration in aquaculture practices, 
though a potential selection of such compounds is possible in aquaculture under the ‘off-label’ cascade (Council 
Directive 90/676/EEC, Directive 2001/82/EC and Commission Regulation 37/2010). For those cases, a standard 
withdrawal time of 500-degree days is enforced to secure consumer safety. Nevertheless, praziquantel could be 
an appropriate candidate for parasite elimination from fish before transfer to the final rearing location or from 
infected non-food broodfish7,8. As reported by many studies, praziquantel can be used in the form of a bath or 
oral administration to control target parasites of fish4,6,7,9–12. Recommended concentrations of therapeutic baths 
range from 0.25 to 50 mg/L depending on the bath duration and species of the treated parasites. Usually, a bath 
treatment typically involves a low concentration (up to 10 mg/L) of praziquantel for an extended time. In contrast, 
a dip utilises a high concentration (tens of mg/L) of praziquantel for a shorter time. Contrary, oral praziquantel 
administration ranges from 50 to 200 mg/L for single doses and from 7 to 75 mg/L for repeated multiple doses7.

The 24hLC50 dose of praziquantel in the fry of the North African Catfish (Clarias gariepinus) is 13.4 mg/L13, 
in golden shiner (Notemigonus crysoleucas) is 55.1 mg/L, and in grass carp (Ctenopharyngodon idella) is 49.7 mg/
L14. Studies of the praziquantel efficiency to fish indicate that it can cause mortality14, affect haematological and 
biochemical profile15 and enhance some specific and non-specific immune parameters16. However, scientific 
sources lack data about the particular effects of praziquantel on the early life stages of carp.

Common carp (Cyprinus carpio) is a major farmed species in Asia and European freshwater aquaculture 
and contributes around ~ 4.67 million metric tons on a global scale the Czech Republic, Poland, Hungary, and 
Germany fisheries are producing 80% of the carp in the European Union17. Newly hatched carp larvae constitute 
a particularly critical and sensitive life stage, since at hatching the embryos lose their protective membrane and 
are fully exposed to potential toxicants. Carp was selected because it is the most frequently bred fish in the Czech 
Republic. Newly hatched carp larvae constitute a particularly critical and sensitive life stage, since at hatching, 
the embryos lose their protective membrane and are fully exposed to potential toxicants18. Common carp was 
selected because it is the most frequently bred fish in the Czech Republic. Little information is available on the 
toxicity of praziquantel to fish, and the safety margin between a treatment rate and toxic doses is unknown for 
most fish species. The study aimed to assess the effects of the antiparasitic drug praziquantel on early-life stages 
of common carp (Cyprinus carpio), namely the impact on (1) mortality; (2) growth rate; (3) ontogenetic develop-
ment; (4) behaviour; (5) oxidative stress response and antioxidants biomarkers; and (6) histological structure.
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Materials and methods
Chemicals and chemical analysis.  Praziquantel was obtained from Ecological Laboratories Inc., USA. 
Ethanol 96% was purchased from Merck KGaA, Germany. Praziquantel concentrations were checked daily 
before and after the bath renewal by ultrahigh-performance liquid chromatography (UHPLC) using the method 
of Zrncic et al.19.

Experimental animals.  Fertilised carp eggs were obtained from a hatchery of the University of South 
Bohemia in Ceske Budejovice, Faculty of Fisheries and Protection of Waters, Czech Republic. Eggs were ferti-
lised by the methods described by Kocour et al.20.

All the methods used in the present study followed relevant guidelines and regulations. Also, the competent 
authority (Ethical Committee for the Protection of Animals in Research of the University of South Bohemia, 
FFPW Vodnany) approved the fish sampling and protocols of the present study and reporting herein follows the 
recommendations in the ARRIVE guidelines21.

Experimental protocol.  The investigation was carried out using the modified No. 210 OECD test22. At 
24 h post fertilisation, 100 fertilised eggs were placed into each of eighteen glass basins with the praziquantel 
solution. The concentrations of praziquantel used were 1.0 mg/L (P1 group), 2.0 mg/L (P2 group, concentrations 
used for antiparasitic bath, Noga23), 3.0 mg/L (P3 group) and 4.0 mg/L (P4 group).

Two other groups were used as contrast groups, a control group (C) exposed to clean, fresh water and an 
ethanol group (CE) used as solvent control (contained 0.8 ml/L ethanol, this concentration was used for the 
highest concentration of praziquantel). The stock solution of praziquantel was prepared by adjusted the required 
concentration of praziquantel dissolved in ethanol (5 mg/mL). Ethanol was used as a solvent due to the low 
solubility of praziquantelin water. Each experimental condition was examined in triplicate.

The solution for each treatment was renewed daily. Daily mortality, morphological anomalies, behaviour, 
oxygen saturation, pH and dead carp were monitored. Water quality parameters were as follow: temperature 
21.3 ± 0.7 °C, dissolved oxygen > 4.56 mg/L, pH 7.76–8.05, acid neutralization capacity (ANC4.5) 0.68 mmol/L; 
chemical oxygen demand (CODMn) 0.84 mg/L, total ammonia 0.010 mg/L; suma Ca2+ + Mg2+ 5.87 mg/L. The 
temperature was measured hourly using Minikin loggers (Environmental Measuring Systems, Brno, Czech 
Republic).

From day 6, carp larvae were fed ad libitum with Artemia salina nauplii twice a day. On days 7, 14, 21, 28, 
and 35, 6 carps in each experimental group were collected to examine ontogenetic development and growth. 
The toxicity test was terminated after 35 days when tested animals were analysed for behavioural patterns. After 
behaviour analysis, animals were euthanised (MS222, 250 mg/L), weighed and stored in tubes at − 80 °C until 
further biochemical analyses.

Early ontogeny.  Developmental periods were defined according to Penaz et  al.24, who described nine 
embryonic (E1–E9), six larval (L1–L6), and two juvenile stages (J1–J2) of common carp.

Growth rate.  The total length (TL) was individually measured by stereomicroscope using a filar micro-
metre. After removing excess water on a filter paper, the whole body weight was determined using a Mettler-
Toledo (Greifensee, Switzerland) analytical balance to the nearest 0.1 mg. The mean specific growth rates (SGR) 
of experimental groups were calculated for the period from day 7 (the first sampling) to day 35 (end of the 
exposure). Exposed groups were compared with control using the method described by OECD25. The following 
formula of SGR was used:

where SGR is the mean specific growth rate in the group, w1 is the mass of one fish at time t1 individually (µg), 
w2 is the mass of one fish at time t2 individually (µg), lnw1 is the mean value of the lnw1 values, lnw2 is the mean 
value of the lnw2 values, t1 is the time (day 7)—first sampling time, t2 is the time (day 35)—end of exposure.

The inhibition of specific growth rate (I) in each experimental group was calculated as follows.

where Ix is the inhibition of specific growth in the selected experimental group after x days of exposure, 
SGRx(control) is the mean specific growth rate in the control group, SGRx(group) is the mean specific growth 
rate in the chosen experimental group.

Fulton’s weight condition factor (FWC) was calculated for each experimental group at every sampling time:

where FWC is the Fulton’s weight condition factor, W is the mass in selected experimental group (g), and TL is 
the total length in selected experimental group (mm).

Locomotory behaviour.  At the end of the experiment, a dozen of juvenile carp for each experimental 
group were placed individually in 6-well plates with 15 ml of aged tap water with a constant water temperature 

SGR =

lnw2 − lnw1

t2 − t1
· 100

Ix[%] =
SGRx(control)− SGRx(group)

SGRx(control)
· 100

FWC =

W · 105

TL3
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of 20.2 °C for 5 min of acclimatisation and subsequently video-monitored for 15 min. The DanioVision (Nol-
dus, Wageningen, Netherlands) performed a locomotion assay, which allows the motility of carp larvae to be 
evaluated through a system equipped with an observation chamber that monitors the locomotory behaviour of 
multiple individuals at the same time under controlled conditions. The data were obtained using the behavioural 
software EthoVision® XT 13 (Noldus, Wageningen, Netherlands) directly processed the live-tracked videos of 
the fish movement. The measured variables were activity (%), distance moved (cm) and mean velocity (cm/s).

Oxidative stress and antioxidants biomarkers.  Biomarkers were evaluated in the surviving carp of 
experimental groups after 35 days of exposure. Whole-body samples were immediately frozen and stored at 
− 80 °C for analysis. Frozen samples were weighed and homogenised with an Ultra Turrax homogeniser (Ika, 
Germany) using 50 mM potassium phosphate buffer (1:10, w/v), pH 7.0, containing 0.5 mM EDTA according to 
methods Stara et al.26. Obtained supernatant was used for further analysis.

Lipid peroxidation as TBARS was estimated spectrophotometrically according to Lushchak et al.27. Total 
superoxide dismutase (SOD) activity was estimated spectrophotometrically using the method of Marklund 
and Marklund28. The catalase (CAT) activity was measured by the spectrophotometric following the method of 
Beers and Sizer29. The glutathione S-transferase (GST) activity was measured using the method of Habig et al.30. 
Glutathione reductase (GR) activity was determined spectrophotometrically, measuring NADPH oxidation at 
340 nm31. Reduced glutathione (GSH) level was assayed using the method of Tipple and Rogers32. Protein levels 
were estimated spectrophotometrically by the method of Bradford33 using bovine serum albumin as a standard.

Histology.  Histological examination was conducted in experimental groups after 35 days of exposure. Six 
juvenile carps from each experimental group and controls were placed in 10% formalin. Samples were prepared 
with standard histological techniques34, embedded in paraffin, stained with haematoxylin and eosin, and exam-
ined by light microscopy.

Statistical analysis.  Differences in cumulative mortality between experimental groups and controls were 
assessed using Chi square test. Before analysis, all measured variables were checked for normality (Kolmogo-
rov–Smirnov test) and homoscedasticity of variance (Bartl’tt’s test). Then, a one-way ANOVA was employed to 
determine whether there were significant differences in measured variables among experimental groups if those 
conditions were satisfied. When a difference was detected (P < 0.05), the Tukey Unequal N HSD test was applied. 
If the conditions for ANOVA were not satisfied, a non-parametric test (Kruskal–Wallis) was used.

Results
Mortality, hatching.  Hatching began 3 days after the onset of exposure. The eggs in all groups hatched by 
day 6. No significant adverse effects of praziquantel on hatching were observed. No significant differences were 
found in cumulative mortality among groups. Accumulated mortality in the group exposed to praziquantel in 
concentrations of 1 mg/L (P1), 2 mg/L (P2), 3 mg/L (P3) and 4 mg/L (P4) was 9, 10, 11 and 10%, and in ethanol 
control (CE), control (C) was 11 and 9% respectively.

Early ontogeny.  The developmental stages observed at the sampling times in all tested groups and controls 
are presented in Fig. 1. Praziquantel at all tested concentrations, showed no significant adverse effects on the 
early ontogeny of carp. At the end of the experiment, the carp in control (100%), CE (99%), P1 (99%), P2 (97%), 
P3 (95%) and P4 (94%) reached the juvenile stage (J2).

Growth.  Beginning on day 28 of exposure, carp exposed to the two highest praziquantel concentrations (3 
and 4 mg/L) showed significantly (P < 0.01) lower mass (Fig. 2) and total length (Fig. 3) compared with controls. 
The FWC values of carp are given in Table 1. From 28th day of exposure, the FCF values were significantly 
(P < 0.01) lower in the two highest praziquantel concentrations (3 and 4 mg/L) compared with controls.

Specific growth rates and inhibition of growth of carp exposed to praziquantel are given in Table 2. Compared 
to control, inhibition of carp growth was 2.5, 4.4, 12.4 and 16.9% in groups P1, P2, P3 and P4, respectively.

Locomotory behaviour.  The control individuals did not exhibit any significant alternations in the moved 
distance (H = 4.045, P > 0.05) compared to P1, P2, P3, and P4-exposed juveniles. Similarly, no significant dif-
ferences in the moved distance in groups P3 and P4 compared to the ethanol group (H = 0.655, P > 0.05). No 
significant differences were detected in the mean of larvae velocity (H = 8.175, P > 0.05), and distance moved 
(H = 6.102, P > 0.05) between both control groups and Praziquantel-exposed animals. Data are shown in Table 3.

Oxidative stress and antioxidant response.  The effects of praziquantel exposure on the oxidative 
stress and antioxidant response of juvenile carp are given in Table 4. Carp exposed to the two highest praziquan-
tel concentrations (3 and 4 mg/L) showed significantly (P < 0.01) lower total SOD and CAT activity compared to 
the controls. No significant differences among groups were seen in TBARS, GST, GR or GSH activity.

Morphological abnormalities and histology.  Morphological abnormalities consisting of curvature of 
the spine (spine shortening) and yolk sac oedema were observed in less than 2% of the fish in all praziquantel 
exposed groups as well as the control group. These anomalies can be considered spontaneous occurrences.

Histological examination of the liver revealed extensive steatosis associated with the loss of cellular shape and 
the presence of lipid inclusions in hepatic cells. Described pathologies were found in fish within the experimental 
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Figure 1.   Developing stages of common carp (Cyprinus carpio) during 35 days of exposure to praziquantel. E 
embryonic stage, L larval stage, J juvenile stage.

Figure 2.   Mean weight of common carp (Cyprinus carpio) embryo, larvae and juveniles after praziquantel 
exposure. SD = standard deviation. *Significantly (P < 0.01) difference between experimental and control 
groups. Groups: CE (solvent control, contained 0.8 ml/L ethanol), P1 (praziquantel 1.0 mg/L), P2 (praziquantel 
2.0 mg/L), P3 (praziquantel 3.0 mg/L) and P4 (praziquantel 4.0 mg/L).

Figure 3.   The total length of common carp (Cyprinus carpio) embryo, larvae and juveniles after praziquantel 
exposure. SD = standard deviation. *Significantly (P < 0.01) difference between experimental and control 
groups. Groups: CE (solvent control, contained 0.8 ml/L ethanol), P1 (praziquantel 1.0 mg/L), P2 (praziquantel 
2.0 mg/L), P3 (praziquantel 3.0 mg/L) and P4 (praziquantel 4.0 mg/L).
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Table 1.   Mean Fulton’s condition factor for common carp during exposure to praziquantel. *Experimental 
groups significantly (p < 0.01) different from the control group. SD = standard deviation. Groups: CE (solvent 
control, contained 0.8 ml/L ethanol), P1 (praziquantel 1.0 mg/L), P2 (praziquantel 2.0 mg/L), P3 (praziquantel 
3.0 mg/L) and P4 (praziquantel 4.0 mg/L).

Times (day)

Control CE

Praziquantel

P1 (1 mg/L) P2 (2 mg/L) P3 (3 mg/L) P4 (4 mg/L)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

7 1.02 ± 0.38 0.92 ± 0.32 0.96 ± 0.13 0.95 ± 0.26 0.96 ± 0.26 1.00 ± 0.28

14 0.99 ± 0.20 0.99 ± 0.17 1.16 ± 0.30 1.06 ± 0.33 1.22 ± 0.51 1.15 ± 0.43

21 1.13 ± 0.13 1.16 ± 0.42 1.15 ± 0.22 1.07 ± 0.23 1.11 ± 0.15 1.02 ± 0.22

28 1.22 ± 0.12 1.21 ± 0.10 1.18 ± 0.20 1.15 ± 0.20 1.02 ± 0.52* 0.95 ± 0.10*

35 1.34 ± 0.18 1.19 ± 0.10 1.21 ± 0.17 1.09 ± 0.16 0.94 ± 0.09* 0.82 ± 0.16*

Table 2.   Growth indices of carp during 35 days exposure of praziquantel. m7, m31 = Mean carp weight 
in group after 7 and 35 days exposure (Mean ± SD, mg); SGR = specific growth rate in group after 28 days 
exposure; I = inhibition of specific growth in selected group after 28 days exposure; SD = standard deviation. 
*Significantly (P < 0.01) difference between experimental and the control group. Groups: CE (solvent control, 
contained ethanol 0.8 ml/L), P1 (praziquantel 1.0 mg/L), P2 (praziquantel 2.0 mg/L), P3 (praziquantel 
3.0 mg/L) and P4 (praziquantel 4.0 mg/L).

Fish group Control CE

Praziquantel

P1 (1 mg/L) P2 (2 mg/L) P3 (3 mg/L) P4 (4 mg/L)

m7 1.53 ± 0.21 1.47 ± 0.21 1.40 ± 0.23 1.35 ± 0.10 1.35 ± 0.24 1.23 ± 0.14

m35 56.65 ± 13.06 55.03 ± 13.53 55.95 ± 10.44 48.40 ± 9.01 46.62 ± 9.89* 45.02 ± 10.58*

SGR 13.29 12.86 12.96 12.71 11.64 11.04

I (%) – 3.24 2.48 4.36 12.42 16.93

Table 3.   Moved distance, velocity, and cumulative movement of juvenile carp exposed to praziquantel 
concentration and in control fish. Groups: CE (solvent control, contained 0.8 ml/L ethanol), P1 (praziquantel 
1.0 mg/L), P2 (praziquantel 2.0 mg/L), P3 (praziquantel 3.0 mg/L) and P4 (praziquantel 4.0 mg/L). Data are 
shown as mean ± standard deviation.

Fish group

Praziquantel

Control CE P1 (1 mg/L) P2 (2 mg/L) P3 (3 mg/L) P4 (4 mg/L)

Moved distance (cm) 435.6 ± 128.4 569.9 ± 109.7 454.9 ± 60.1 486.1 ± 180.1 532.5 ± 92.7 519.4 ± 192.1

Velocity (cm/s) 0.48 ± 0.14 0.63 ± 0.12 0.51 ± 0.07 0.54 ± 0.20 0.59 ± 0.10 0.58 ± 0.21

Cumulative movement (%) 48.3 ± 10.4 54.1 ± 10.7 48.3 ± 7.3 50.8 ± 14.5 58.4 ± 10.5 52.5 ± 14.2

Table 4.   jscsccb. The effect of praziquantel on oxidative stress biomarker (thiobarbituric acid reactive 
substances—TBARS, nmol/mg protein) and antioxidant enzymes (superoxide dismutase—SOD, nmol NBT/
min/mg protein; catalase—CAT, µmol H2O2/min/mg protein; glutathione S-transferase—GST, nmol/min/mg 
protein; glutathione reductase—GR, nmol NADPH/min/mg protein; reduced glutathione—GSH, nmol GSH/
mg protein) in the homogenate of carp. *Significantly (P < 0.01) difference of experimental groups compared to 
the control.

Group Control CE

Praziquantel

P1 (1 mg/L) P2 (2 mg/L) P3 (3 mg/L) P4 (4 mg/L)

TBARS 0.432 ± 0.021 0.421 ± 0.018 0.398 ± 0.024 0.441 ± 0.034 0.456 ± 0.036 0.478 ± 0.044

SOD 0.264 ± 0.029 0.244 ± 0.031 0.221 ± 0.026 0.219 ± 0.016 0.165 ± 0.017* 0.155 ± 0.013*

CAT​ 0.564 ± 0.103 0.601 ± 0.145 0.531 ± 0.102 0.503 ± 0.131 0.401 ± 0.087* 0.356 ± 0.092*

GST 1.335 ± 0.245 1.189 ± 0.209 1.298 ± 0.263 1.305 ± 0.299 1.164 ± 0.310 1.109 ± 0.384

GR 0.356 ± 0.112 0.389 ± 0.123 0.341 ± 0.131 0.386 ± 0.105 0.401 ± 0.129 0.409 ± 0.133

GSH 10.11 ± 1.25 11.23 ± 1.58 10.89 ± 1.12 11.05 ± 2.05 11.36 ± 2.45 11.41 ± 2.08
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groups (P1–P4), and in the control ethanol group (CE). The liver from the control group (C) manifests only a 
low degree of dystrophy (Fig. 4).

No histopathological changes were demonstrated in the heart, gills, skin, cranial and caudal kidney and 
intestine following exposure to praziquantel.

Discussion
Some Monogeneans, trematodes and cestodes can cause serious problems in intensive aquaculture, necessitating 
early diagnosis, as well as a rapid and effective treatment23,35. Praziquantel is a useful chemotherapeutic against 
helminths of captive fish. Early life stages of fish are often the most sensitive to toxic effects of xenobiotics than 
older stages of fish. While we have information on the toxicity of praziquantel to juvenile and adult fish, little 
is known about the effect of praziquantel on the early life stages of carp. The praziquantel for fish is toxic. The 
24hLC50 dose of praziquantel in the fry of the North African catfish is 13.4 mg/L13, in grass carp is 49.7 mg/L14, 
and 96hLC50 for African catfish (Clarias gariepinus) is 53.52 mg/L36 and for barbel (Barbus barbus) is 28.6 mg/
L12. In our study, was no mortality, this can be explained used by testing lower concentrations (mg/L—used for 
treatment bath) than are lethal (tens of mg/L) to fish.

Increasing fish production depends on feeding, handling and the absence of stress, among other factors23,37. 
Fish growth depends on several factors: species, age, genetic potential, water temperature, health, and quantity 
and quality of food38. Generally, stress conditions such as polluted aquatic environments and diseases result in 
decreased fish growth23,39. Using chemotherapeutics to control and treat parasites is one of the most critical issues 
in all phases of intensive fish aquaculture production23,37,40. In our study, praziquantel in concentrations (3 and 
4 mg/L) caused lower growth than controls and inhibition of carp growth was 12.4 and 16.9% in these groups. 
The suppression of carp growth may be due to adverse effects of praziquantel on the metabolism, such as reduc-
ing food and nutrient uptake. Similar results were observed in the other studies with fish chemotherapeutics 
like formalin37 and copper sulphate41.

Newly hatched larvae constitute a particularly critical and sensitive life stage since, at hatching, the embryos 
lose their protective membrane and are fully exposed to a potential toxicant38,42. Early ontogenetic development is 
a sensitive biomarker for evaluating the impacts of xenobiotics or fish veterinary drugs on aquatic organisms43–45. 
In our study, praziquantel at all tested concentrations showed no significant negative effect on hatching and the 
early ontogeny of carp. Development inhibition might delay reproduction and increase the susceptibility of early 
life stages to predation. In the scientific literature, changes in early ontogenetic development are described mainly 
after pesticides44–46 and pharmaceutical compounds46,47 exposure.

Figure 4.   Liver of juvenile carp (Cyprinus carpio L.) after 35 days praziquantel exposure. Haematoxylin and 
eosin, × 200. (A) Control group; (B) control ethanol group (ethanol 0.8 ml/L); (C) Experimental group P1 
(praziquantel 1.0 mg/L dissolved in ethanol). See the extensive steatosis (abnormal lipids retention) consisting of 
steatotic droplets of varying sizes in pictures (B) and (C).
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The effects of chronic exposure to pharmacological compounds can also be expressed by analysis of locomo-
tory or foraging behaviour48. We found no activity, moved distance, or velocity differences among our control 
and Praziquantel-exposed groups at either exposure time. On the other hand, studies by Obiekezie and Okafor13, 
Mitchell and Hobbs14 and Zuskova et al.12 found changes in the fish behaviour after praziquantel exposure, but 
these changes were in higher concentrations (tens mg/L). Our results indicated that the tested concentration of 
praziquantel would not significantly influence of juvenile carp behaviour for used concentrations. On the other 
hand, our study focused on possible behavioural alternations while using healthy carp juveniles, not individuals 
with parasitic infections. Therefore the question remains whether praziquantel-treated fish with parasite infec-
tion can be has a behavioural disruption.

Numerous chemicals, including some drugs, can evoke oxidative stress. Oxidative stress has been defined as 
an imbalance of oxidants and antioxidants favouring the oxidants, potentially leading to cell damage26. In our 
test, carp exposed to the two highest praziquantel concentrations (3 and 4 mg/L) showed significantly lower 
SOD and CAT activity than controls. Enzymes SOD and CAT systems provide the first line of defence against 
ROS36. Superoxide dismutase catalyses the dismutation of the superoxide anion radical to water and hydrogen 
peroxide, which CAT detoxifies. In our study, induction of SOD and CAT in the carp whole-body homogenate 
after exposure to praziquantel could be an adaptive response to the stress, neutralising the impact of ROS gener-
ated. Similar results were observed in the other studies with fish chemotherapeutics like formalin49, ivermectin50, 
copper sulphate41 and trichlorfon51,52.

In our test, extensive liver steatosis was found in all experimental groups and the ethanol control group. The 
lipid accumulation in hepatocytes (liver steatosis) can be associated with exposure to toxicants53 and increases 
liver vulnerability to secondary insults from cytokines or oxidative stress54. It is the key step in the progressive 
development of liver inflammation55. However, the described toxic effect must be attributed to solvent ethanol 
rather than praziquantel since similar changes in experimental groups were found in the ethanol control group. 
No other histopathological changes were marked following exposure to praziquantel.

Conclusions
Many therapeutic techniques and treatments developed and used in mammals require validation before being 
considered safe and effective in aquatic species. In conclusion, the study demonstrated that exposure to prazi-
quantel induced significant lower growth and changes in the antioxidant enzymes (SOD, CAT) of the early life 
stages of carp. These changes were found in the two highest tested concentrations (3 mg/L and 4 mg/L). Prazi-
quantel is safe for the early life of carp in concentrations ≤ 2 mg/L. Further research is needed to understand the 
toxic effects observed in some species, and caution should be used when considering the use of praziquantel in 
a new host species.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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