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Abstract OBJECTIVES: The aim of this study was to assess the effect of the subchronic 
exposure of early stages of common carp (Cyprinus carpio L.) to norfloxacin using 
morphometric data and oxidative stress parameters. 
METHODS: A subchronic toxicity test was performed on fertilized embryos 
of common carp according to the OECD Guidelines No. 210. Embryos were 
exposed to norfloxacin concentrations of 0.0001 (environmental), 0.1, 1.0, 5.0, 
and 10.0 mg.L–1 for 34 days. 
RESULTS: At the end of the test (day 34), significant (p<0.05) stimulation of 
development was observed in all experimental groups, in contrast to the control. 
Significantly greater (p<0.01) total body length was also observed in the group 
exposed to 10.0 mg.L–1 of norfloxacin compared to the control.
A significant increase in the activity of glutathione S-transferase in all carp 
exposed to norfloxacin concentrations of 0.1 and 1.0 mg.L–1 (p<0.01), and 
5.0 mg.L–1 (p<0.05) compared to control group was revealed. The activity of gluta-
thione peroxidase was significantly lower (p<0.01) in experimental carp exposed 
to a norfloxacin concentration of 10.0 mg.L–1. In experimental carp exposed to 
a norfloxacin concentration of 0.0001 mg.L–1, a significant increase (p<0.05) in 
glutathione reductase activity was found. Significant (p<0.01) decreases in the 
content of thiobarbituric acid reactive substances in the groups exposed to nor-
floxacin concentrations of 1.0, 5.0, and 10.0 mg.L–1 were revealed.
CONCLUSION: From the results, we can conclude that norfloxacin has a negative 
impact on selected biochemical processes related to the production of reactive 
oxygen species in early-life stages of common carp. 
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Abbreviations
CAT  - catalase
DMSO  - dimethyl sulfoxide
FCF  - Fulton’s condition factor
FQs  - fluoroquinolone antibiotics
GPx  - glutathione peroxidase
GR  - glutathione reductase
GSH  - reduced glutathione
GSSG  - oxidized glutathione
GST - glutathione S-transferase
I  - inhibition of specific growth
OECD  - Organisation for Economic Co-operation and Development
SGR  - specific growth rate
TBARS  - thiobarbituric acid reactive substances
TL  - total length 
W  - weight
WWTPs  - wastewater treatment plants

INTRODUCTION
The continuous entry of pharmaceuticals into the 
aquatic environment, even at low concentrations, can 
represent potential long-term risks to aquatic and ter-
restrial organisms (Klavarioti et al. 2009). One group 
of pharmaceuticals frequently detected in the environ-
ment in relatively high concentrations are fluoroqui-
nolone antibiotics (FQs). Their ubiquitous presence 
has been reported in wastewater, surface water, ground 
water, and even in drinking water (Gros et al. 2007; 
Khetan & Collins 2007).

FQs exhibit a broad spectrum of antimicrobial 
activities (Fitton 1992). They are widely used for the 
treatment of urinary, respiratory, and digestive tract 
infections in humans, and even increasingly in vet-
erinary medicine (Martinez et al. 2006). Second-gen-
eration quinolones (e.g. norfloxacin) exhibit activity 
against gram-negative (including Pseudomonas aeru-
ginosa), some gram-positive (including Staphylococcus 
aureus), and some atypical pathogens (King et al. 2000).

FQs inhibit key bacterial enzymes (DNA gyrase and 
topo-isomerase IV) involved in unwinding the DNA 
helix for replication and transcription (Hawkey 2003). 
The majority of FQs are excreted renally via urine, but 
some of them (e.g. the fourth-generation quinolone tro-
vafloxacin) are metabolised hepatically (Alghasham & 
Nahata 1999; Turnidge 1999).

Unfortunately, FQs are not completely removed from 
wastewater at wastewater treatment plants (WWTPs) 
and thus contribute to contamination of the aquatic 
environment. FQs present in water bodies may quickly 
move into soil and sediments due to its strong adsorp-
tion on minerals and organic matter (Golet et al. 2002; 
Lindberg et al. 2007).

The aim of this study was to investigate the sub-
chronic effects of the second-generation quinolone 
norfloxacin on early stages of common carp (Cypri-
nus carpio L.). The parameters glutathione peroxidase 
(GPx), glutathione reductase (GR), glutathione S-trans-
ferase (GST), catalase (CAT), and lipid peroxidation 
were investigated to determine the effects of norfloxacin 

on oxidative stress. In addition, the effect of norfloxacin 
on somatic parameters was evaluated.

MATERIALS AND METHODS 
Experimental protocol
A subchronic toxicity test was performed according to 
OECD Guideline No. 210 (Fish, Early-life Stage Toxic-
ity Test). Common carp (Cyprinus carpio L.) was used 
as a model organism for embryo-larval toxicity testing. 
Fertilized carp eggs were obtained from Rybnikarstvi 
Pohorelice (Czech Republic). The eggs were produced 
according to standard methods of artificial reproduc-
tion (Kocour et al. 2005). Twenty-four hours after 
fertilization, 100 fertilized eggs were separated from 
unfertilized eggs and randomly distributed into each of 
21 crystallization dishes (volume 900 mL). The crystal-
lization dishes were divided equally into 7 groups. Five 
experimental groups were exposed to concentrations of 
norfloxacin of 0.0001, 0.1, 1.0, 5.0, and 10.0 mg.L–1 (in 
triplicate). Two groups were used as controls (norfloxa-
cin-free tap water with and without a solvent). Because 
of the low solubility of norfloxacin in water, dimethyl 
sulfoxide (DMSO, 0.05%) was used as a solvent. In 
the control, the concentration of solvent was 0.05%, 
i.e. the same used in experimental groups. The semi-
static method was used, with bath replacement twice 
daily. Hatching and survival were also observed twice 
a day, and dead embryos and larvae were recorded and 
removed. During the test, larvae were fed on freshly 
hatched Artemia salina ad libitum twice a day prior to 
each bath exchange. The temperature, pH, and oxygen 
saturation were recorded daily. The beginning of the 
test was designated as 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 completed after 34 days. In the course of the test, 
embryos and larvae were sampled to evaluate develop-
mental 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 day 6 (before feeding 
began) and on days 13, 20, 27, and 34. 

For the evaluation of somatic parameters and early 
ontogeny, 10 and 15 specimens, respectively, were taken 
from each dish on the first four sampling days (day 6, 
13, 20, and 27) and at the end of the test (day 34). The 
samples were fixed in 4% formalin. At the end of the 
test (day 34), ten samples were taken from each dish, 
i.e. 30 specimens per group, in order to evaluate anti-
oxidant enzyme activity and lipid peroxidation. The 
samples were stored at –85 °C until analysis. 

Water parameters
The basic physical and chemical parameters of the 
tap water used in the tests were as follows: acid neu-
tralization capacity (ANC4.5) – 1.0–1.2 mmol.L–1; 
chemical oxygen demand (CODMn) – 1.2–1.5 mg.L–1; 
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total ammonia - below the limit of determination 
(<0.04 mg.L–1); nitrates – 11.2–13.5 mg.L–1; nitrites 
below the limit of determination (< 0.02 mg.L–1); Cl− – 
14.5–16.2 mg.L–1, and Σ Ca+Mg – 3.02 mmol.L–1. The 
water temperature ranged from 19 to 22 °C; pH values 
were between 7.5 and 8.3, and the level of dissolved 
oxygen did not fall below 60%.

Morphometric and condition characteristics
FCF was calculated on each sampling day according to 
the following equation: 

FCF = (W × 105)/L3,
where W is the weight in g and L is the total length 

in mm.
Total length (TL) was measured stereomicroscopi-

cally using a micrometer to 0.01 mm; weight (W) was 
measured to 0.1 mg. 

The mean specific growth rate (SGR) was calculated 
for each experimental group for the period from day 6 
to the completion of the test (day 34) according to the 
following equation:

SGR = 100 × ((lnw2 – lnw1)/(t2 – t1)),
where w1 is the weight of one fish at time t1, w2 is the 

weight of the fish at time t2, t1 is the first sampling time 
(day 6), and t2 is the final sampling time (day 34).

The inhibition of specific growth rate (I) for each 
experimental group was calculated according to the 
following equation:

I [%] = (SGR control – SGR group) / (SGR control) × 100.

Determination of developmental stages.
Developmental stages were determined according to 
Penaz et al. (1983); nine embryonic (E1–E9), six larval 
(L1–L6), and one juvenile (J1) stages of common carp 
were described. 

Measurement of oxidative stress parameters
At the end of the test, 30 specimens from each test and 
control group (i.e. 10 specimens from each dish) were 
killed with an overdose of the anaesthetic MS 222. They 
were then homogenised with phosphate buffer (pH 7.2) 
and stored at –85 °C until analysis. The homogenate 
was then divided into two parts. The first was used for 
the measurement of lipid peroxidation using thiobar-
bituric acid reactive substances method (TBARS); the 
second was centrifuged (10,500 g at 4 °C for 20 min) 
and the obtained supernatant fraction was then used 
to determine the catalytic activities of GPx, GR, GST, 
and CAT. 

To determine lipid peroxidation in fish samples, the 
TBARS method described by Lushchak et al. (2005) was 
used. TBARS were measured at 535 nm and the con-
centration was expressed in nmol of TBARS per gram 
of tissue wet weight. 

The catalytic activities of GPx and GR were deter-
mined spectrophotometrically at 340 nm by the catal-
ysis conversion of oxidized glutathione (GSSG) to 
reduced glutathione (GSH) in the process involving the 

consumption of NADPH. The specific activities were 
expressed as the nmol of NADPH consumption per 
min per mg of protein (Carlberg & Mannervik 1975).

The total catalytic activity of GST was determined 
by measuring the conjugation of 1-chloro-2,4-dini-
trobenzene with reduced GSH at 340 nm (Habig et al. 
1974). The specific activity was expressed in the units 
of nmol of formed product per min per mg of pro-
teinThe catalytic activity of CAT was determined by 
the spectrophotometrical measurement of H2O2 break-
down at 240 nm. The specific activity of the enzyme 
was expressed as μmol of decomposed H2O2 per min 
per mg of protein (Aebi 1984).

Protein concentrations were determined by a Bicin-
choninic Acid Protein Essay Kit (Sigma–Aldrich, 
St. Louis, MO, USA) using bovine serum albumin as 
standard (Smith et al. 1985). All spectrophotometric 
measurements were performed using a Varioskan Flash 
Spectral Scanning Multimode Reader (Thermo Fisher 
Scientific Inc., USA). 

Determination of norfloxacin concentration in water
The measurement of norfloxacin was based on high–
performance liquid chromatography coupled with 
triple quadrupole tandem mass spectrometry (LC–ESI–
MS/MS). Samples were filtered and used for LC–ESI–
MS/MS analysis. A Thermo Scientific UHPLC Accela 
1250 system was connected to a Thermo Scientific TSQ 
Quantum Access MAX Triple Quadrupole Instrument 
(Thermo, San Jose, CA, USA) equipped with a heated 
electrospray ionization (HESI-II) probe. A Thermo Sci-
entific Hypersil C18 (2.1 mm × 50 mm, 1.9 μm) column 
was used at a constant flow rate of 300 μL.min–1. The 
mobile phase consisted of water containing 0.1% 
formic acid (v/v) (solvent A) and acetonitrile contain-
ing 0.1% formic acid (solvent B). The full loop injec-
tion volume of the tissue extract was set at 20 μL. The 
heated electrospray ionization was operated in positive-
ion mode under specific conditions. The standard of 
norfloxacin was purchased from Sigma-Aldrich (St. 
Louis, MO). All solvents were residual analysis purity 
(Chromservis, Ltd., CZ). The coefficient of variation 
for between-series was 3.1%. The limit of detection was 
determined as a signal/noise ratio of 3:1 and was found 
to be 91 ng.L–1.

Statistical analysis
Statistical analysis was conducted using Unistat 5.6 
for Excel (Czech Republic). The Shapiro-Wilk´s test 
was used to test the normality of all parameters. Data 
on cumulative mortality, morphometric and condition 
parameters, hatching, and some indices of oxidative 
stress (TBARS and GPx) did not exhibit normal distri-
butions and were thus subjected to Kruskal-Wallis test. 
Individual differences between experimental groups 
and control were tested using Dunn´s test. Data on oxi-
dative stress parameters which exhibited normal distri-
butions (GR, GST, and CAT) were tested for variance 
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homogeneity by Levene´s test and then by one-way 
ANOVA; individual differences between the control 
and each experimental group were evaluated using 
Dunnett´s test. The levels of significance of all statisti-
cal tests were p<0.05 and p<0.01.

RESULTS 
As the results in control group and control group with 
a solvent DMSO showed no differences, therefore we 
used only the results of DMSO group for the following 
evaluation.

Mortality rate
No significant differences were found in total cumu-
lative mortality between any experimental group and 
control group. In all experimental groups and control, 
mortality was below 12%. In the control group (i.e. the 
control group with a solvent), mortality was 11.7%, 
which meets the validity criteria of OECD 210 Guide-
line. The levels of mortality in experimental groups 
(0.0001, 0.1, 1.0, 5.0, and 10.0 mg.L–1) were as follows: 
11.7, 11.0, 11.7, 11.7, and 6.3%, respectively.

Hatching
Hatching began on day 3. The hatching rate on the first 
day of hatching (day 3) was significantly higher (p<0.01) 
in groups exposed to 0.0001 (60% of embryos hatched), 
0.1 (62.0% of embryos hatched), and 10.0 (53.3% of 

embryos hatched) mg.L–1 of norfloxacin compared to 
the control group (31.0% of embryos hatched). Hatch-
ing was completed by day 4 in all groups.

Early ontogeny
The individual development stages of early ontogeny 
(larval and juvenile stages) are illustrated in Figure 1. 
Developmental stages were recorded in all groups on 
each sampling day. The differences in early ontogeny 
between control and any experimental group were evi-
dent at the completion of the test. Stimulated develop-
ment (p<0.05) appeared on day 6 in the group exposed 
to 1.0 mg.L–1 of norfloxacin (by 10.0%) and on day 13 
(p<0.05) in the groups exposed to 0.1 and 1.0 mg.L–1 
of norfloxacin (by 26.7% and 40.0%, respectively) com-
pared to the control. The same effect was found on day 
27, with significant stimulation (p<0.01) found in the 
group exposed to 10.0 mg.L–1 of norfloxacin (by 6.7%) 
compared to control. 

On day 34, i.e. at the end of the test, there was signifi-
cant (p<0.05) stimulation of development in each group 
exposed to norfloxacin compared to the control group, 
i.e. by 20.0, 6.7, 15.6, 24.5, and 35.6% in 0.0001, 0.1, 1.0, 
5.0, and 10.0 mg.L–1, respectively. 

Morphometric and condition characteristics
The effects of norfloxacin on larvae of common carp 
were observed from day 6. On day 6, total body weight 
was significantly lower (p<0.01) in the group exposed 
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to 5.0 mg.L–1 of norfloxacin compared to the control 
group. On day 13, total body length and weight were 
significantly higher (p<0.01) in the group exposed to 
1.0 mg.L–1 of norfloxacin compared to the control. 
There was no significant difference in total body length 
or weight on days 20 and 27 compared to control. 
On day 34, total body length was significantly higher 
(p<0.01) in the group exposed to 10.0 mg.L–1 of nor-
floxacin compared to the control. 

The inhibition of specific growth (I) was found at 
concentration 0.1 mg.L–1 of norfloxacin and the stimu-
lation of specific growth was found at concentrations of 
0.0001, 1.0, 5.0, and 10.0 mg.L–1 of norfloxacin. With 
respect to SGR, no significant changes were found in 
experimental groups when compared to control. The 
inhibition of specific growth and SGR values are given 
in Table 1.

On day 13, FCF was found to be significantly lower 
(p<0.01) in the group exposed to 10.0 mg.L–1 of nor-
floxacin when compared to control. FCF was signifi-
cantly higher in the group exposed to 1.0 mg.L–1 of 
norfloxacin on day 27 (p<0.01) and day 34 (p<0.05) 
compared to the control group. Also, on day 27, FCF was 
significantly higher (p<0.01) in the group exposed to 
5.0 mg.L–1 of norfloxacin compared to the control group. 

Morphological anomalies
In the course of the test, some morphological anomalies 
were observed in some groups exposed to norfloxacin. 
These malformations included, for example, axial cur-
vature of the spine (lordosis, kyphosis), that occured in 
groups exposed to norfloxacin at concentrations of 0.1 
and 10.0 mg.L–1 (6.7% in both groups) compared to the 
control group (without spine malformations). Elevated 
melanin pigmentation was observed in groups exposed 

to norfloxacin at concentrations of 5.0 (12.7%) and 10.0 
(16.0%) mg.L–1 compared to the control group (6.0%). 

Oxidative stress parameters
Statistical analysis demonstrated significant shifts in 
most biotransformation and antioxidant enzymes eval-
uated in common carp (Figures 2–5). 

A significant increase was revealed in the activ-
ity of GST in experimental carp exposed to norfloxa-
cin concentrations of 0.1 and 1.0 mg.L–1 (p<0.01), 
and 5.0 mg.L–1 (p<0.05) compared to control 
group (Figure  2). GST activities were found to be 
103.4 nmol.min–1.mg–1 protein in control group and 
114.4, 123.7, and 112.8 nmol.min–1.mg–1 protein in the 
0.1, 1.0, and 5.0 mg.L–1 norfloxacin groups, respectively. 

The activity of GPx was significantly lower (p<0.01) 
in experimental carp exposed to a norfloxacin concen-
tration of 10.0 mg.L–1 (22.18 nmol.min–1.mg–1 protein) 
compared to the control group (35.43 nmol.min–1.mg–1 
protein) (Figure 3). 

In experimental carp exposed to norfloxacin at the 
environmental concentration of 0.0001 mg.L–1, a sig-
nificant increase (p<0.05) in GR activity (8.10 nmol.
min–1.mg–1 protein) was found when compared to the 
control (7.04 nmol.min–1.mg–1 protein) (Figure 4). 

No significant changes in the activity of CAT in any 
experimental group exposed to norfloxacin was found 
compared to the control (22.15 μmol.min–1.mg–1 pro-
tein) (Figure 5). 

A significant (p<0.01) decrease in the content of 
TBARS was found in experimental groups exposed to 
norfloxacin concentrations of 1.0, 5.0, and 10.0 mg.L–1 
(6.15, 5.98, and 6.35 nmol.g–1 ww tissue, respectively) 
compared to the control group (8.90 nmol.g–1 ww 
tissue) (Figure 6).

Tab. 1. Morphometric and condition characteristics of carp embryos and larvae on days 6, 13, 20, 27 and 34 of norfloxacin esposure.

Group Control 0.0001 mg.L–1 0.1 mg.L–1 1.0 mg.L–1 5.0 mg.L–1 10.0 mg.L–1

W6 (mg) 2.30 2.30 2.50 2.30 2.20** 2.25

TL6 (mm) 6.78 6.81 6.83 6.74 6.67 6.76

W13 (mg) 6.85 6.95 7.00 7.65** 6.70 6.45

TL13 (mm) 9.33 9.41 9.50 9.90** 9.46 9.53

W20 (mg) 14.70 15.45 13.95 16.90 13.50 16.00

TL20 (mm) 11.41 11.58 11.41 12.13 11.41 11.79

W27 (mg) 51.25 50.10 42.70 55.10 57.80 51.30

TL27 (mm) 16.19 15.82 15.44 15.96 16.00 15.94

W34 (mg) 94.30 95.50 85.60 106.10 110.20 107.70

TL34 (mm) 18.85 19.22 18.36 19.21 19.83 20.13**

SGR 13.12 13.35 12.90 13.55 13.74 13.78

I (%) – –1.75 1.72 –3.26 –4.69 –4.99

W6, W13, W20, W27, W34 - median fish weight; TL6, TL13, TL20, TL27, TL34 - median total body length; SGR – specific growth rate; I - inhibition of 
specific growth. * and ** mean a significance at p<0.05 and p<0.01, respectively.
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Our test met validity criteria required by the OECD 
Guideline. In the course of the test, norfloxacin concen-
trations were measured above 80% of the initial level.

DISCUSSION
In the literature, there is little information on the effect 
of norfloxacin (or other fluoroquinolones) on fish or 
other water organisms.

In our study, mortality in all groups, including the 
control group, was below 12%. In the control group, 
mortality was 11.7%, which meets the validity crite-
ria given by OECD Guideline No. 210. In the study 
by Bartoskova et al. (2014), the mortality of zebrafish 
(Danio rerio) exposed to norfloxacin concentrations of 
0.0001, 0.1, 1.0, 10.0, and 30.0 mg.L–1 did not exceed 
8%. In contrast, Robinson et al. (2005) observed 100% 
mortality of fathead minnow (Pimephales promelas) 
larvae treated with fluoroquinolone clinafloxacin at a 
concentration of 10.0 mg.L–1 which could be explained 
by using a different fish species and/or a different type 
of fluoroquinolone as clinafloxacin belongs to the 4th

fluoroquinolone generation. 
At this time, no other studies on the effects of antibi-

otics on early stages of common carp are available. In our 
experiment, we observed a significant (p<0.01) retarda-
tion of development on day 20 in groups exposed to 5.0 
and 10.0 mg.L–1 of norfloxacin compared to the control; 
however, in contrast, at the end of the test on day 34 we 
observed a significant (p<0.05) stimulation of develop-
ment in each group exposed to norfloxacin compared 
to the control group. We also observed significant 
(p<0.01) differences in total body length and weight. 

In fish exposed to a concentration of 5.0 mg.L–1, FCF 
was found to be significantly (p<0.01) increased on day 
27; however, at the end of the test (day 34), it was com-
parable to that of the control group. In fish exposed to 
1.0 mg.L–1, significantly increased levels of FCF were 
found at day 27 (p<0.01) as well as at day 34 (p<0.05). 
In these types of tests, FCF can be increased due to the 
higher mortality of experimental fish when compared 
to control resulting from space enlargement in the crys-
tallization dishes. In our study, no increase in mortality 
was found at a concentration of 1.0 mg.L–1 compared 
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Fig. 2. Glutathione S-transferase (GST) activity in common carp 
exposed to norfloxacin (mean ± standard error of mean). * and 
** mean significance at p<0.05 and p<0.01, respectively

Fig. 3. Glutathione peroxidase (GPx) activity in common carp 
exposed to norfloxacin (mean ± standard error of mean). ** 
means significance at p<0.01

Fig. 4. Glutathione reductase (GR) activity in common carp exposed 
to norfloxacin (mean ± standard error of mean). * means 
significance at p<0.05.

Fig. 5. Catalase (CAT) activity in common carp exposed to 
norfloxacin (mean ± standard error of mean).

Fig. 6. Thiobarbituric acid reactive substances (TBARS) 
concentrations in common carp exposed to norfloxacin (mean ± 
standard error of mean). ** means significance at p<0.01
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to the control group. On this basis we suggest that the 
increase in FCF was due to exposure to norfloxacin at 
this concentration. 

In contrast, Bartoskova et al. (2014) found no signif-
icant differences in growth rates in zebrafish exposed to 
all tested norfloxacin concentrations when compared 
to the control group. The same results were obtained 
also by Plhalova el al. (2014) in zebrafish exposed to 
ciprofloxacin at concentrations of 0.0007, 0.1, 0.65, 1.1, 
and 3.0 mg.L–1.

It has been reported (i.e. Stepanova et al. 2013; Zivna 
et al. 2013; Bartoskova et al. 2014; Plhalova et al. 2014) 
that xenobiotics (i.e. pharmaceuticals) can induce oxi-
dative stress in fish. In our study, we focused on four 
oxidative stress enzymes (GPx, GR, GST, and CAT) and 
lipid peroxidation evaluated using the measurement of 
TBARS.

GPx plays an important role in the detoxification of 
various hydroperoxides. It also reduces a wide range 
of organic peroxides derived from unsaturated fatty 
acids, nucleic acids, and other important biomolecules 
(Tappel 1984). In our study, no changes in GPx were 
found in concentrations below 5.0 mg.L–1, a significant 
decrease (p<0.01) was found in the activity of GPx 
in common carp exposed to norfloxacin at a concen-
tration of 10.0 mg.L–1. This can be explained by the 
reduced ability of the organism to eliminate peroxides, 
this reduction resulting from oxidative stress. In con-
trast, in the study by Bartoskova et al. (2014), the expo-
sure of zebrafish to norfloxacin at concentrations of 0.1, 
1.0, 10.0, and 30.0 mg.L–1 caused a highly significant 
increase (p<0.01) in the activity of GPx. In our study, 
similar values in all norfloxacin concentrations were 
found. Plhalova et al. (2014) studied the effect of fluo-
roquinolone ciprofloxacin on zebrafish. They found 
a significant decrease in the activity of GPx in groups 
exposed to ciprofloxacin concentrations of 0.0007, 1.1, 
3.0 mg.L–1 (p<0.01) and 0.65 mg.L–1 (p<0.05). It can be 
explained by using a different species and age of the fish 
tested or a different fluoroquinolone drug.

GR is an enzyme catalyzing the conversion of glu-
tathione disulfide to GSH, which serves as a substance 
protecting cells against chemical insult (Chance et 
al. 1979; Di Giulio & Meyer 2008). A decrease in the 
activity of this enzyme may result in glutathione deple-
tion and in a reduction of antioxidant defense (Stepa-
nova et al. 2013). In our study, a significant increase 
(p<0.05) in GR activity was found in the group exposed 
to the environmental concentration of norfloxacin 
(0.0001 mg.L–1) compared to the control group, which 
can be related to the induction of antioxidant defense 
system. Bartoskova et al. (2014) did not find significant 
differences in GR activity in zebrafish exposed to nor-
floxacin concentrations of 0.0001, 0.1, 1.0, 10.0, and 
30.0 mg.L–1. In contrast, Plhalova et al. (2014) found 
a significant decrease (p<0.05) in the GR activity in 
zebrafish exposed to fluoroquinolone ciprofloxacin 
at concentrations of 1.1 and 3.0 mg.L–1, which can be 

related to a different type of fluoroquinolone used in 
the test. 

The main function of GST in the endogenous 
metabolism is the phase II detoxification of xenobi-
otics. It also provides cellular protection against the 
toxic effects of a variety of environmental and endog-
enous chemicals (Di Giulio & Meyer 2008). In our 
study, a significant increase in GST activity was found 
in common carp exposed to norfloxacin concentra-
tions of 0.1, 1.0 (p<0.01) and 5.0 mg.L–1 (p<0.05) 
compared to the control group. The highest concen-
tration (10.0 mg.L–1) caused no significant changes in 
GST activity, which can be explained by the depletion 
of detoxifying system or disorder in the enzyme syn-
thesis. No changes in GST activity at a concentration 
of 0.0001 mg.L–1 can be explained as an adaptation of 
the fish organism to a tested substance in the course 
of the embryo-larval test. Bartoskova et al. (2014) 
found a significant (p<0.01) increase in GST activity 
in zebrafish exposed to the environmental concentra-
tion of norfloxacin (0.0001 mg.L–1); however, only a 
non-significant increase in GST activity compared to 
the control group was found at higher tested concentra-
tions in their study. Plhalova et al. (2014) also found a 
significant increase (p<0.05) in GST activity in zebraf-
ish exposed to FQ ciprofloxacin at concentrations of 
0.0007 and 0.1 mg.L–1; however at higher ciprofloxacin 
concentrations (0.65, 1.1, and 3.0 mg.L–1), GST activity 
exhibited no significant shifts when compared to the 
control group. 

CAT is an enzyme that catalyzes the conversion of 
a potentially oxidative molecule, H2O2, into H2O and 
O2 (Wang et al. 2009). In our study, no significant dif-
ferences were found in CAT activity at all tested con-
centrations compared to the control group. The same 
results for CAT activity were found by Plhalova et al. 
(2014) in zebrafish exposed to fluoroquinolone cipro-
floxacin at concentrations of 0.0007, 0.1, 0.65, 1.1 and 
3.0 mg.L–1 compared to the control group. In contrast, 
Bartoskova et al. (2014) found significantly higher CAT 
activity in zebrafish exposed to norfloxacin in at tested 
concentrations (0.0001, 0.1, 1.0, 10.0, and 30.0 mg.L–1), 
which can be explained by using juvenile fish (30-day-
old individuals at the beginning of the test) with a 
developed immune system in comparison to our test, in 
which fish were mostly in embryonal and larval stages. 
Wang et al. (2009) studied the toxicity of the fluoro-
quinolone enrofloxacin associated with environmental 
stress in Tra catfish (Pangasianodon hypophthalmus). 
They tested three different rearing densities (40, 80, and 
120 fish m–3). Fish were fed (a dose commonly applied 
in aquaculture according to rearing density) with pel-
lets containing 1 g.kg–1 enrofloxacin for 7 days and 
then with pellets containing no antibiotic for a further 
7 days. On day 7 of the exposure, they observed that 
CAT activity in the gills of exposed fish increased 1.7 
times in a low-density group (40 fish m–3) compared 
to the control group;however, on days 8 and 10, CAT 



86 Copyright © 2015 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Nina Charvatova, et al.

activity was significantly lower in the low-density group 
compared to control. 

The measurement of lipid peroxidation levels is 
considered to be a good indicator of oxidative stress, 
as lipids easily react with reactive oxygenated spe-
cies (Wang et al. 2009). Lipid peroxidation is a major 
contributor to the loss of cell function under oxida-
tive stress (Storey 1996). One of the major terminal 
products of lipid peroxidation is malondialdehyde. To 
determine the extent of lipid peroxidation the level of 
TBARS is often used (Hodgson 2004; Lushchak 2011). 
In our study, we found a significant (p<0.01) decrease 
in lipid peroxidation in groups exposed to norfloxacin 
concentrations of 1.0, 5.0, and 10.0 mg.L–1 compared to 
the control group. Plhalova et al. (2014) found a signifi-
cant (p<0.01) decrease in lipid peroxidation in zebrafish 
exposed to fluoroquinolone ciprofloxacin at a concen-
tration of 0.1 mg.L–1. Other tested ciprofloxacin con-
centrations (0.0007, 0.65, 1.1, and 3.0 mg.L–1) induced 
no significant differences in lipid peroxidation. Simi-
larly, in the study by Bartoskova et al. (2014) no signifi-
cant effect on lipid peroxidation was found in zebrafish 
exposed to norfloxacin. Wang et al. (2009) reported 
5times higher lipid peroxidation in gills of fluoroqui-
nolone enrofloxacin-treated fish reared at low (40 fish 
m–3) and high (120 fish m–3) densities on day 7 of expo-
sure compared to their respective controls. In contrast, 
they found that lipid peroxidation in the gills of enro-
floxacin-treated fish reared at medium density (80 fish 
m–3) was 3-times lower than in the gills of control fish. 

CONCLUSIONS
The results of our study indicate that subchronic expo-
sure to norfloxacin affects somatic indices (i.e. somatic 
development, body length) and oxidative stress param-
eters and antioxidants activity (i.e. GST, GPx, GR, and 
TBARS) in early stages of common carp (Cyprinus 
carpio L.). At the end of the test total body length in 
the highest tested concentration was significantly 
higher (p<0.01) and a significant stimulation (p<0.05) 
of development in each group exposed to norfloxacin 
compared to the control group was detected. As for the 
oxidative stress parameters (GST, GPx, and TBARS), 
significant shifts were found mostly in higher norfloxa-
cin concentrations. In contrast, a significant increase 
in the activity of GR was found in the lowest (environ-
mental) concentration. 
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