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Abstract

Ketoprofen residues have been found in surface water where they present a potential risk to
nontarget aquatic species. The aim of this study was to assess the impact of ketoprofen in surface
waters on fish under experimental conditions. Subchronic toxic effects on 300 embryos and
larvae of common carp (Cyprinus carpio) were investigated during a 30 day toxicity test with
concentrations of ketoprofen: 0.003, 2.1, 6.3 and 21 mg/l. The exposure to ketoprofen showed
no effect on mortality, but we observed significant delay (P < 0.05) in hatching in day 3 in fish
exposed to all concentrations of ketoprofen. Significant delays (P < 0.05) in development were
revealed at 2.1, 6.3 and 21 mg/l ketoprofen. On the basis of weight and growth rate evaluation
and the determination of developmental stages, the lowest observed effect concentration was
0.003 mg/l. According to these results, the reported environmental concentration of ketoprofen
in Czech rivers could have a negative effect on the growth and development of carp embryos and
larvae. These tests have not yet been performed. Further research and search for a mechanism
to reduce the incidence of ketoprofen in the waters by better wastewater treatment is required.

Embryo-larval toxicity test, NSAIDs, environmental concentration

Use of pharmaceuticals for human and veterinary medicine leads to the excretion of
unchanged drugs and their metabolites into urban wastewaters, which together with the
improper disposal of unused and expired drugs leads to considerable concentrations of
various pharmaceuticals in municipal sewage. Discharge from sewage treatment plants is
one of the main sources of pharmaceuticals in the aquatic environment (Fent et al. 2006;
Thibaut et al. 20006).

Non-steroidal anti-inflammatory drugs (NSAIDs), such as diclofenac, ketoprofen and
ibuprofen are human pharmaceuticals that are frequently detected in surface waters,
municipal wastewaters and drinking waters almost worldwide at concentrations in ng/I to
pg/l (Kolpin et al. 2002; Corcoran et al. 2010; Kodes et al. 2010). The therapeutic role
of these pharmaceuticals is to reduce inflammation and pain. The mechanism of the effect
of non-steroidal anti-inflammatory drugs is the inhibition of cyclooxygenases, enzymes
that catalyse the synthesis of prostaglandins via the oxidation of arachidonic acid (Vane
and Botting 1998).

Pharmaceuticals are generally designed to have low toxicity but there is the potential
for unintended side effects. Although various cases of the detection of pharmaceuticals
in water are described in the literature, the complete impact of ketoprofen on non-target
organisms has not been described yet. There is no relevant information on its mechanism
of action and the consequences of exposure in aquatic organisms. We used common carp
(Cyprinus carpio) as the test organism.

The aim of this study was to assess the effects of subchronic exposure to sublethal
concentrations of ketoprofen in embryo-larval developmental stages of common carp.
The lowest tested concentration was corresponding to environmental concentrations and
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the highest tested concentration was approximately 1 000 x higher. The presumption was
that ketoprofen at higher concentration would influence growth and development of fish
whereas environmental concentration of ketoprofen would affect histological findings.

Materials and Methods
Experimental protocol

Embryo-larval toxicity tests were performed with ketoprofen (CAS 22071-15-4, Sigma-Aldrich, Czech
Republic). Ketoprofen has low solubility (240 mg/l) in water. For better mixing and dissolution of the substance
we used an ultrasoud device. Toxicity tests were carried out using a modified protocol according to OECD
guideline 210 (Fish, Early-life stage toxicity test, OECD 1992). Experimental procedures were in compliance
with the national legislation (Act No. 246/1992 Coll., on the protection of animals against cruelty, as amended and
decree No. 207/2004 Coll., on the protection, breeding and use of experimental animals, as amended).

Fertilized eggs of common carp were obtained from a commercial fish farm. Eggs were produced according to
standard methods of artificial reproduction as described by Kocour etal. (2005). Twenty-four hours post-fertilization,
300 fertilized eggs were separated from unfertilized eggs and randomly distributed into fifteen crystallization
dishes containing one of four ascending concentrations of ketoprofen solution, or into a control dish (ketoprofen-
free tap water). The experiment was conducted in triplicate. Tested concentrations were selected according to the
environmental concentration, with the lowest tested concentration corresponding to the environmental concentration.
Due to lack of preliminary data on the effects of ketoprofen on fish, a wide range of concentrations was tested, i.e.
0 mg/I (control), 0.003 mg/l (environmental concentration mentioned by Kodes et al. 2010), 2.1, 6.3 and 21 mg/L.
Concentrations during the test did not sink below 80% of the nominal concentration. The water temperature was
22 + 1.5 °C; pH was between 7.5 and 8.5, and dissolved oxygen did not fall below 60%. A semi-static method was
used in which the testing solution was replaced twice daily. Hatching and survival were also observed twice a day,
and dead embryos and larvae were removed. During the test, larvae were fed ad libitum freshly-hatched Artemia
salina twice a day prior to the bath exchange. The temperature, pH, and oxygen saturation were recorded daily. The
beginning of the test was designated Day 1 (one day post-fertilization). Hatching began on Day 3 and was completed
by day 5. Feeding with A. salina was initiated on Day 6. The test was concluded on Day 30, when all of the larvae
in the control groups reached the juvenile stage.

During the test, embryos and larvae were sampled to record developmental stage, length, weight, Fulton’s
condition factor (FCF), length-weight relationship, and morphological anomalies. Samples from each
concentration and from the control were collected on days 6, 10, 15, 20, 24 and at the completion of the test on
Day 30. Fish were fixed in 4% formalin.

Determination of developmental stages

The developmental stages were determined according to Penaz et al. (1983), who described nine embryonic
(E1-E9), six larval (L1-L6), and two juvenile (J1-J2) stages in common carp. Total length (TL) was measured
stereomicroscopically using a micrometer to 0.01 mm; weight (W) was measured to 0.1 mg.

Weight and growth rate evaluation
Fulton’s condition factor was calculated at each sampling time.

(W - weight in g, L - total length in mm)
The mean specific growth rate (SGR) was calculated for each experimental group on Day 6 (the first sampling
time) and on completion of the test on Day 30.

SGR =2 Inw, g6

L=

(SGR - specific growth rate, w, - weight of one fish at time t,, w, - weight of one fish at time t,, t, - first sampling
time, t, - end of the test)
The inhibition of specific growth rate (I) for each experimental group was calculated as follows:

_ SGR (control) — SGR (group)
SGR (control)

[[%] 100

Histopathological examination

The fish were prepared for histopathological examination, fixed in buffered 10% neutral formalin, dehydrated,
embedded in paraffin wax, sectioned (cross section) on a microtome at 4 pm, and stained with haematoxylin and
eosin (H&E). The histology of skin, gill, kidneys and liver was examined by light microscopy.
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Statistical analysis

Results were analyzed using STATISTICA 8.0 for Windows (StatSoft, CR). After testing for normality of all
variables (Kolmogorov-Smirnov test) and the homogenity of variances across groups (Levene test), data were
subjected to parametric ANOVA —Tukey’s HSD test (Zar 1996). Data of hatching were tested using contingency
table analysis.

Results

Hatching and cumulative mortality

Eggs began to hatch on Day 3. The majority of the eggs hatched by Day 4; hatching was
completed by Day 5. Significant delays (P < 0.05) in hatching were observed on Day 3 in
fish exposed to all concentrations of ketoprofen. No significant (P > 0.05) differences were
found in total cumulative mortality among groups. In all experimental and control groups,
mortality was below 10%.

Total length and weight indices

Increases in the total body length (mm) and weight (mg) of embryos and larvae over time
in relation to ketoprofen concentration in water are depicted in Figs 1 and 2. The influence
of ketoprofen concentration on the body weight and body length of carp larvae began to be
evident from Day 6.

The influence of ketoprofen on FCF was not significant (P > 0.05). The mean FCF
value at the end of the test was 1.47 in control and 1.40, 1.38, 1.38 and 1.39 in the tested
concentrations 0.003, 2.1, 6.3, and 21 mg/l, respectively. The inhibition of specific growth
rate was 11% at the ketoprofen concentration of 21 mg/l, which was the highest value
compared to the control group.
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Fig. 1. Total body length (mean + SD) of common carp during the embryo-larval toxicity test of ketoprofen.
*P<0.05; **P <0.01
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Fig. 2. Body weight (mean + SD) of common carp during the embryo-larval toxicity test of ketoprofen.
*P<0.05; **P<0.01

Early ontogeny, morphological anomalies and histopathology

Developmental stages were recorded at each sampling time in all groups. Differences in
early ontogeny between control and experimental groups were evident at the completion of
the test. At the end of the test, fish from groups treated with 2.1, 6.3 and 21 mg/1 ketoprofen
were delayed in development (P < 0.05) in a dose-dependent manner compared to the
control group. After 30 days, all fish in the control group reached the juvenile stage (J1). At
the ketoprofen concentration of 0.003 mg/l, the rate was 100%, but at 2.1, 6.3 and 21 mg/I
it was 76%, 77% and 71%, respectively.

No significant morphological anomalies or histological changes in samples of skin, liver,
kidneys and gills were found.

Based on examination of the growth indices and development of all replications, the
Lowest Observed Effect Concentration (LOEC) was determined to be 0.003 mg/1.

Discussion

In this study, we examined the subchronic effect of exposure of common carp to
ketoprofen. During the 30-day exposure of embryo-larval developmental stages of carp
to low concentrations of ketoprofen (0.003, 2.1, 6.3, and 21 mg/l) no influence on the
mortality of the exposed groups compared to controls were found. However, ketoprofen
exposure was observed to have an effect on the development of total length and body
weight. Retardation of growth in the experimental groups when compared to the control
group became evident on Day 6. After 30 days of exposure to ketoprofen, significantly
smaller fish were found in all tested concentrations in comparison to the control fish.

Ketoprofen did not induce morphological anomalies during the experiment, but a delay
in the early development of carp was evident. After 30 days of exposure, all fish in the
control group and most fish in the experimental groups reached the juvenile stage. Studies
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performed on early developmental stages of fish confirmed that NSAIDs (ketoprofen and
diclofenac) should have an effect on hatching, displaying signs of hydroedema (Hallare
et al. 2004; Praskova et al. 2011). Van den Brandhof and Montforts (2010) found
growth retardation, delayed hatching, and yolk sac and tail deformation in zebrafish
embryos exposed to diclofenac.

Reactions induced by diclofenac in rainbow trout were observed to be most prominent
in the kidney, liver and gills (Schwaiger et al. 2004). Our results did not confirm similar
observations in the embryo-larval developmental stage of common carp. The interspecies
differences in NSAIDs sensitivity are connected to the heterogeneous metabolism of
individual fish species (Dolezelova et al. 2011).

The subchronic effect of ketoprofen on embryo-larval developmental stages of
common carp expressed as the LOEC value was 0.003 mg/l. According to our results, the
environmental concentration of ketoprofen in Czech rivers could have a negative effect on
the growth and developmental anomalies of embryos and larval stages of carp.
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