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Abstract: This study aimed to assess the toxicity of the anthelmintic drug praziquantel in the early life stages
of grass carp (Ctenopharyngodon idella). The toxicity was evaluated based on mortality, early ontogeny develop-
ment, growth, oxidative stress biomarkers, antioxidant enzymes and histopathology. Praziquantel at all tested
concentrations (1, 2, 4 and 6 mg/l) showed no significant adverse effects on the hatching of grass carp. Concen-
trations of 2, 4 and 6 mg/l praziquantel caused significantly (P < 0.01) higher mortality and slower growth com-
pared with controls. Praziquantel at concentrations (4 and 6 mg/l) showed a significant (P < 0.01) delay of early
ontogeny of grass carp. Concentration of 2 mg/l praziquantel caused significantly (P < 0.01) higher GST activity
than controls. Among the groups, no histological changes were detected in tissues. For the early life of grass carp,
praziquantel is safe at concentrations <1 mg/1.
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With the growth of aquaculture intensification
comes the challenge of managing fish health, par-
ticularly controlling parasitic infections, which can
severely impact fish populations. One of the com-
mon parasites affecting freshwater fish is the trem-
atode, which is responsible for diseases that can
lead to high mortality rates if left untreated. Drugs
are commonly applied to control trematodes, and
some traditional parasiticidal drugs such as pra-
ziquantel, fenbendazole, levamisole hydrochlo-
ride, and ivermectin have been used for decades
(Kolarova et al. 2022).

Praziquantel [2-(cyclohexylcarbonyl)-1,2,3,6,7,
11b-hexahydro-4H-pyrazino (2,1-a) isoquinolin-
4-one] is an anthelmintic drug that reduces ces-
todes and trematodes in fish when injected, fed,
or used as a water bath treatment (Bader et al. 2019).
Praziquantel has lacked registration for its use
in aquaculture thus its use was only possible in the
»off-label“ cascade manner regulated by Council
Directive 90/676/EEC, Directive 2001/82/EC and
Commission Regulation No. 37/2010. Nowadays,
the maximum residual limit of praziquantel and its
isomers in muscle and skin in natural proportions
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was set at 20 pg/kg for fin fish in the EU legislation
[Commission Regulation (EU) No. 37/2010]. In vet-
erinary medicine, one of the most commonly used
agents with anti-flatworm activity is praziquantel;
yet, no praziquantel products are labelled for use
in fish in the United States. Veterinarians may use
praziquantel preparations approved for other verte-
brate species under the Animal Medicinal Drug Use
Clarification Act (AMDUCA) (Bader et al. 2019).
Recommended concentrations of therapeutic baths
are from 0.25 mg/l to 50 mg/l. Oral praziquantel
administration for single doses ranges from 50 mg/1
to 200 mg/l, and for repeated multiple doses, ranges
from 7 mg/l to 75 mg/l. Appropriate dosage de-
pends on the fish species, age, size, and specific
environmental conditions in which the fish are kept
(Bader et al. 2019).

In aquaculture, praziquantel has emerged
as a critical tool for managing parasitic infesta-
tions in fish. However, using praziquantel (PZQ)
in fish farming raises concerns regarding its safety,
efficacy, and environmental impact. Despite its ef-
fectiveness, the effect of PZQ on fish, particularly
at varying dosages and exposure durations, requires
thorough investigation to ensure its safe application
in aquaculture practices. Little information is avail-
able on the toxicity of praziquantel to fish, and the
safety margin between a treatment rate and toxic
doses is unknown for most fish species. For grass
carp weighing 9.1 g, the 24 h and 96hLC50 concen-
trations of PZQ are 63.4 and 60.6 mg/l, and the 24 h
and 96hLCO concentrations are 60.0 and 60.0 mg/l
(Mitchell and Hobbs 2007). PZQ generally has
a wide margin of safety and relatively few side ef-
fects in mammals (Andrews et al. 1983). Previous
studies have highlighted potential adverse effects
of PZQ on fish, including stress responses, changes
in metabolic activity, and histopathological altera-
tions (Soltanian et al. 2018; Zuskova et al. 2018;
Velisek et al. 2022). Depending on species, develop-
mental stages, and environmental conditions, these
effects may vary significantly. However, scientific
sources lack data on the particular impact of PZQ
on the embryo and larvae of grass carp. Therefore,
itis crucial to understand the specific effects of pra-
ziquantel on different fish species to optimise treat-
ment protocols and minimise potential risks.

This study aims to explore the effects of PZQ
on the embryo and larvae of grass carp, commonly
found in aquaculture. By evaluating indicators such
as mortality, growth rate, ontogenetic development,
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and physiological responses (oxidative stress and
antioxidant biomarkers), we seek to provide a com-
prehensive assessment of praziquantel’s impact.
Additionally, we investigated the histopathological
changes in grass carp tissues post-treatment to gain
insights into any sub-lethal effects that may not
be immediately apparent.

MATERIAL AND METHODS
Chemicals and chemical analysis

Praziquantel from Ecological Laboratories Inc.,
USA, was used for our test. Concentrations of pra-
ziquantel were checked daily before and after the
bath renewal by ultrahigh-performance liquid chro-
matography (UHPLC) using the method of Zrncic
et al. (2014). The actual concentration values did
not differ from the nominal concentration by more
than £1%.

Experimental protocol

Fertilised grass 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.

The investigation was conducted using the
Organization for Economic Cooperation and
Development Guidelines for Testing of Chemicals
No. 210. Ten hours post fertilisation, 100 fertilised
grass carp eggs were placed into each of eighteen
glass basins with the praziquantel solution. Each
experimental condition was triplicated once, and
a total of 1 800 fertilised eggs of grass carp were
used. The concentrations of PZQ used were:

1. E1 group — 1.0 mg/l;

2. E2 group — 2.0 mg/l [concentrations for anti-
parasitic bath; Noga (2010)];

3. E3 group — 4.0 mg/l;

4. E4 group - 6.0 mg/l;

5. C control group — dechlorinated water only;

6. E-C ethanol group — (0.5 ml/l) was used for the
highest concentration of the tested substance.
Ethanol was used as a solvent due to the low
solubility of tested substances in water.

The solution for each group was renewed daily.
Mortality, morphological anomalies, oxygen sat-
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uration, and pH were monitored daily, and dead
grass carp were removed. Water quality parameters
were as follows: temperature 22.1 + 0.6 °C, dis-
solved oxygen saturation 95%, pH 7.82-8.01, acid
neutralisation capacity (ANC4.5) 0.57 mmol/l and
chemical oxygen demand 0.81 mg/l. From day 4, lar-
vae of grass carp were fed ad libitum with Artemia
salina nauplii. On days 8, 15, 22, and 29, six early
life stages of grass carp in each experimental group
were collected to examine ontogenetic development
and growth. The toxicity test was terminated af-
ter 29 days when the tested fish were sampled for
biochemical and histopathological analyses (only
groups C, E-C, E1 and E2; groups E3 and E4 died
during the experiment). Before sampling, fish were
euthanised (MS222, 250 mg/1), weighed and stored
in tubes at —80 °C until further analyses. Six juvenile
grass carp from each survivor group were placed
in 10% formalin for histopathological analyses.

This study was conducted in compliance with
the Czech Republic regulations 166/1996 and
246/1992 and approved by the Departmental Expert
Committee for Authorisation of Experimental
Projects of the Ministry of Education, Youth, and
Sports of the Czech Republic (Permit No. MSMT-
3126/2021-3).

Early ontogeny

On days 8, 15, 22, and 29, six early life stages
of grass carp in each experimental group were
collected for examination of the ontogenetic de-
velopment period. Developmental periods were
defined according to Yi et al. (2006), who described
thirty embryonic stages (E1-E30), eighteen post-
hatch stages (P1-P18), and one juvenile stage (J1)
of grass carp.

Growth rate

On days 8, 15, 22, and 29, six grass carp in each
experimental group were collected to examine
growth. The total length (TL) was measured by ste-
reomicroscope using a micrometre. Mass was mea-
sured (0.1 mg) with a Mettler-Toledo scale.

The mean specific growth rates (SGR) of experi-
mental groups were calculated for the period from
day 8 (the first sampling day) to day 29 (end of the
test) using the method described by OECD (2000).

Oxidative stress and antioxidant
biomarkers

Biomarkers were evaluated in the surviving grass
carp of groups (only groups C, E-C, E1 and E2) after
29 days of exposure.

Whole-body samples were immediately frozen
and stored at —80 °C for analysis. Frozen samples
were weighed and homogenised (1:10, w/v) with
a ball homogenizer (TissueLyser 1I; QIAGEN®,
Hilden, Germany) using 50 mM potassium phos-
phate buffer, pH 7.0, containing 0.5 mM EDTA
according to methods Stara et al. (2021). The
homogenates were centrifuged at 4 °C in a re-
frigerated centrifuge (Beckman Optima L-90 K
Ultracentrifuge; Brea, USA) at 12 000 g for 30 min
for superoxide dismutase (SOD) and catalase
(CAT) assays; at 4 000 g for 15 min for glutathi-
one S-transferase (GST) and reduced glutathione
(GSH) measurements and at 5 000 g for 30 min
for the acetylcholinesterase activity (AChE) assay.
Homogenates used for the lipid peroxidation (LPO)
assay and total protein level determination were
analysed without centrifugation.

LPO activity was measured using the TBARS
(thiobarbituric acid reactive substances) assay pro-
posed by Lushchak et al. (2005). SOD activity was
determinated using the method of Marklund and
Marklund (1974). For the CAT activity assay, the
method of Beers and Sizer (1952) was used. GST
activity was measured using the method of Habig
etal. (1974). GSH levels were assessed using Tipple
and Rogers’s (2012) method. AChE activity was
recovered by the methods described by Ellman
et al. (1961).

Histology

Histological examination was conducted in ex-
perimental groups after 29 days of exposure.

Six juvenile grass carp from each survivor treat-
ment were placed in 10% buffered formalin, and
after 24 h the fish were transferred into 70% ethyl
alcohol.

Fixed samples were prepared with standard
histological techniques, dehydrated, embedded
in paraffin, cut on a rotary microtome, stained with
haematoxylin and eosin, and examined by light mi-
croscope combined with camera system type E-600
(Olympus BX51; Tokyo, Japan).
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Statistical analysis

Differences in cumulative mortality between
treatments were assessed using contingency tables
(x?). Results were tested using the variance analysis
software Statistica v14.0 (StatSoft, Czech Republic)
(one-way ANOVA - Unequal N HSD Test).

RESULTS AND DISCUSSION
Mortality, hatching

Some studies have reported that the early life
stages of fish are highly sensitive to chemicals
(Woltering 1984; Chromcova et al. 2015; Plhalova
et al. 2018). While we have information on the
toxicity of praziquantel to fish, we do not know
of its effect on the embryo and larvae of grass
carp. This gap in knowledge highlights the need
for focused research on the impact of praziquantel
on grass carp’s early life stages. Understanding the
potential risks is crucial for managing both aqua-
culture practices and wild populations, ensuring
that chemical treatments do not adversely affect
fish development and survival during these critical
early stages (Merola et al. 2022). In our experiment,
the eggs in all groups hatched by day 2. No sig-
nificant adverse effects of PZQ on hatching were
observed. Significant (P < 0.01) differences in total
accumulated mortality were found in grass carp
exposed to the PZQ concentrations 2, 4 and 6 mg/1
compared with controls (Figure 1). All grass carp
from group E4 died within 21 days of exposure,
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Figure 1. Accumulated percentage mortality of grass
carp (Ctenopharyngodon idella) during 29 days of pra-
ziquantel exposure

C = control group; E1-4 = concentrations of PZQ; E-C =
ethanol group; PZQ = praziquantel
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and group E3 within 24 days. At the end of the
test, accumulated mortality in the group exposed
to PZQ in concentrations of 1 mg/1 (E1), 2 mg/l
(E2), 4 mg/1 (E3) and 6 mg/1 (E4) was 9, 29, 100 and
100%. In ethanol control (E-C), control (C) was 12
and 10.5 %, respectively.

PZQ is toxic to fish. The 24hLC50 for grass
carp is 63.4 mg/l (Mitchell and Hobbs 2007), and
96hLC50 for barbel (Barbus barbus) is 28.6 mg/1
PZQ (Zuskova et al. 2018). In our study, longer
exposure time (29 days) caused higher mortality.

Early ontogeny

Delayed early development is a common chronic
toxicity response observed in fish. This sensitivity
to toxicants during early development has been
well-documented in several studies (Velisek and
Stara 2018; Islam et al. 2019; Velisek et al. 2022).
In our research, from 8 days, PZQ at concentrations
4 and 6 mg/l showed a significant (P < 0.01) delay
of early ontogeny of grass carp (Figure 2). The de-
layed development of grass carp exposed to pra-
ziquantel can be attributed to developmental events
such as organogenesis. On the other hand, Velisek
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Figure 2. Developing stages of grass carp (Ctenopharyn-
godon idella) during 29 days of praziquantel exposure
(9) Yolk-absorption stage; (10) Dorsal-fin-differentiation
stage; (11) Notochord-tip-lifting stage; (12) Two-chamber-
gas-bladder stage; (13) Pelvic-fin-bud stage; (14) Dorsal-
fin-formation stage; (15) Anal-fin-formation stage; (16)
Pelvic-fin-formation stage; (17) Squamation stage; (18)
Juvenile stage
C = control group; E1-4 = concentrations of PZQ; E-C =
ethanol group; PZQ = praziquantel
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etal. (2022) reported no delay in the early life stages
of the common carp’s after PZQ exposure.

Changes in early ontogenetic development
are described mainly after exposure to pesti-
cides (Velisek and Stara 2018) and human drugs
(Sehonova et al. 2017).

Growth

Generally, stress conditions such as polluted
aquatic environments and diseases result in de-
creased fish growth. Praziquantel, a commonly
used antiparasitic drug, can also affect fish growth.
The concentrations of praziquantel play a crucial
role in its effects on fish. Therefore, it is impor-
tant to carefully monitor and regulate the dosage
of PZQ to minimise its negative impacts on fish
growth and health (Noga 2010). Appropriate dos-
age depends on the fish species, age, size, and spe-
cific environmental conditions in which the fish are
kept. In our test, beginning on day 8 of exposure,
grass carp in group E4 (6 mg/l) showed signifi-
cantly (P < 0.01) lower total length (Figure 3) and
mass (Figure 4) compared with controls. Beginning
on day 15 of exposure, grass carp in groups E2
(2 mg/l) and E3 (4 mg/l) also showed significantly
(P < 0.01) lower total length and mass compared
with control. Velisek et al. (2022) reported a slow-
down in growth of the early life stages of common
carp after PZQ exposure at concentrations 3 and
4 mg/l. The Fulton’s weight condition factor val-
ues of grass carp are given in Table 1. At the end
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Figure 3. The total length of grass carp (Ctenopharyngo-
don idella) during 29 days of praziquantel exposure

C = control group; E1-4 = concentrations of PZQ; E-C =
ethanol group; PZQ = praziquantel

of the experiment (29 days), the FCF values were
significantly (P < 0.01) lower in group E2 (2 mg/])
compared with controls. Compared to the control,
inhibition of growth grass carp was 2.39 and 22.45%
in groups E1 and E2, respectively (Table 1).

Oxidative stress and antioxidant response

Oxidative stress has been defined as an imbal-
ance of oxidants and antioxidants favouring the
oxidants that can evoked by pollutants and chem-
icals, potentially leading to cell damage. In our
test, grass carp exposed to the PZQ concentration
of 2 mg/l showed significantly (P < 0.01) higher
GST activity compared to the controls (Table 2).
No significant differences among groups were
seen in TBARS, SOD, CAT, GSH, or AChE activ-
ity. In our study, the elevation of GST activity in the
whole-body homogenate of praziquantel-exposed
grass carp indicates that the antioxidant system
seemed to maintain a balance of production and
scavenging ROS and prevented oxidative damage
to tissues. Velisek et al. (2022) reported that expo-
sure to praziquantel at concentrations 3 and 4 mg/1
decreased SOD and CAT activity in the whole-body
homogenate of early life stages of common carp.
PZQ at concentrations 10 and 20 mg/l affected the
activity of CAT, SOD, GR, and GST as well as lev-
els of GSH in the liver and muscle of the barbel
(Zuskova et al. 2018). Changes in antioxidant en-
zymes were observed in the Kolarova et al. (2022)
study after a therapeutic bath with levamisole, fen-
bendazole, and ivermectin in common carp.

c EC
E2 (2 mg/l) E3 (4 mg/l)

Expon. (E-C)
Expon. [E3 (4 mg/l)]

E1 (1 mg/l)
E4 (6 mg/l)
Expon. [E1 (1 mg/l)]
Expon. [E4 (6 mg/l)]

180 1
Expon. (C)
Expon. [E2 (2 mg/)]

150

— 1204

904

Mass (mg

604

304

0 T T T T T T
0 5 10 15 20 25 30

Day

Figure 4. The weight of grass carp (Ctenopharyngodon
idella) during 29 days of praziquantel exposure

C = control group; E1-4 = concentrations of PZQ; E-C =
ethanol group; PZQ = praziquantel
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Table 1. Growth of grass carp during 29 days of exposure to praziquantel

Praziquantel
Group C E-C E1 E2 E3 E4
(1 mg/1) (2 mg/1) (4 mg/1) (6 mg/1)

mg 143 +0.19 1.28 + 0.42 1.30 £ 0.21 1.18 + 0.20 1.13 +0.27 1.10 +£0.15
My 139.60 + 16.26 101.09 + 26.11 129.40 + 20.81 55.55 + 10.75* t T
FWC 1.10 £ 0.09 0.91 +0.13 0.97 £ 0.10 0.86 + 0.08* t t
SGR 21.76 19.90 21.24 16.86 t t
1(%) - 8.55 2.39 22.45 + +

*Significant (P < 0.01) difference of experimental groups compared to the control group (one-way ANOVA); "Data are
not given, because all fish in the groups died during the experiment

C = control group; E1-4 = concentrations of PZQ; E-C = ethanol group; FWC = mean Fulton’s condition factor of fish
after 29 days exposure; I = inhibition of specific growth in selected group after 21 days exposure; mg, m,, = mean carp
weight in group after 8 and 29 days exposure (mean + SD, mg); PZQ = praziquantel; SD = standard deviation; SGR =
specific growth rate in group after 29 days exposure

Table 2. Oxidative stress biomarker and antioxidant enzymes in the homogenate of grass carp after praziquantel

exposure
Praziquantel
Group C E-C F1 E2
(1 mg/1) (2 mg/1)

TBARS (nmol/mg protein) 1.062 £ 0.225 0.882 £ 0.245 1.393 £ 0.666 0.904 + 0.105
SOD (nmol NBT/min/mg protein) 0.243 £ 0.037 0.287 £ 0.048 0.319 £ 0.100 0.327 £ 0.054
CAT (pmol H,O,/min/mg protein) 0.003 + 0.001 0.004 + 0.001 0.003 + 0.001 0.006 + 0.004
GST (nmol/min/mg protein) 0.005 £ 0.004 0.009 £ 0.008 0.018 £ 0.016 0.049 + 0.014*
GSH (nmol GSH/mg protein) 5.371 + 1.357 4.528 + 1.083 3.649 + 0.987 4.898 + 0.867
AChE (nmol/min/mg protein) 0.949 + 0.249 1.390 £ 0.389 0.795 + 0.252 1.108 £ 0.535

*Significant (P < 0.01) difference of experimental groups compared to the control group

AchE = acetylcholinesterase activity; C = control group; CAT = catalase; E1-2 = concentrations of PZQ; E-C = ethanol
group; GSH = reduced glutathione; GST = glutathione S-transferase; PZQ = praziquantel; SOD = superoxide dismutase;

TBARS = thiobarbituric acid reactive substances

Morphological abnormalities and
histology

Our study observed no significant differences
in the type and occurrence of morphological ab-
normalities in tested grass carp during the test.
Similarly, Velisek et al. (2022) did not find mor-
phological abnormalities in the embryos and
larvae of common carp after PZQ exposure.
Morphological abnormalities and body deforma-
tions in the early life stages of fish are mainly ob-
served after human drugs (Van den Brandhof and
Montforts 2010; Porretti et al. 2022) and pesticides
(Velisek and Stara 2018; Islam et al. 2019; Sharma
et al. 2021).
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No histological changes were demonstrated
in the tissues (gills, skin, kidney, hepatopancreas,
and intestine) after PZQ exposure. Velisek et al.
(2022) reported extensive steatosis of the hepa-
topancreas attributed to ethanol in juvenile carp;
however, grass carp from our test did not show such
a high sensitivity to the similar amount of ethanol
used as the praziquantel solvent.

Many therapeutic techniques and treatments
developed and used in mammals require valida-
tion before being considered safe and effective
in aquatic species. This study aimed to evaluate
the effects of praziquantel on the early life stages
of grass carp. The results demonstrated that ex-
posure to praziquantel induced a delay in ontoge-
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netic development, significantly higher mortality,
increased glutathione S-transferase activity, and
reduced growth in the early life stages of grass
carp. Despite these adverse effects, praziquantel
was found to be safe for the early life stages of grass
carp at concentrations <1 mg/l. This study under-
scores the importance of thorough evaluation and
species-specific studies in the development and ap-
plication of therapeutic treatments in aquaculture.
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