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Abstract: In this study, the toxic effects of PCZ, a triazole fungicide present in aquatic environment, 
were studied in rainbow trout, Oncorhynchus mykiss, by an acute toxicity test. Compared to the control 
group, fish exposed to PCZ (96-h-LC50, 5.04 mg/l) showed significantly higher (P < 0.05) plasma NH3 and 
GLU concentration and the activities of plasma enzymes including CK, ALT, AST, LDH, but the TP content 
was not significantly different (P > 0.05). The oxidative stress indices (levels of LPO and CP) of brain and 
muscle in the experimental group were higher compared to the control group, especially for a significant 
change (P < 0.05) in the brain. SOD, CAT, GPx and GR activity in the brain of experimental groups was 
significantly lower (P < 0.05), however, an opposite tendency was found out in muscle. In addition, there 
are significant correlations between TBARS and CAT, TBARS and GPx, CP, and CAT, GR, and GPx in 
the fish brain. Thus, PCZ exposure changed the oxidative stress indices and plasma characteristics, and 
these changes may be used as potential bioindicators of the exposure and effect of PCZ in the control-
led experiment. The use in monitoring of PCZ exposure under natural field conditions is possible, but it 
needs further investigations.
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kinase; LDH = lactate dehydrogenase; ALT = alanine aminotransferase; AST = aspartate aminotransferase
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Propiconazole, 1-(2-(2,4-dichlorophenyl)-4-pro-
pyl-1,3-dioxolan-2-ylmethyl)-1H-1,2,4-triazole, is 
a triazole fungicide used to slow down or stop the 
growth of the fungus which infects agricultural 
fields. During its application to crops and plants it 
may contaminate both surface and ground waters, 
i.e. the aquatic environment (Li and Randak, 2009). 
Because of its peculiarities of non-target fungicide, 
many aquatic organisms (e.g. fish) can be affected 
(Sumpter, 2008). 

Marked blood biochemical responses often oc-
cur after aquatic organisms have been exposed to 
environmental organic contaminants (Booth et 
al., 1988). Liver damage caused by these pollut-
ants was correlated with the activities of certain 
plasma enzymes, such as CK, ALT, AST, ALP, LDH 
(Malbrouck et al., 2003), and meanwhile, the sec-
ondary toxic effect on basic metabolism was in-
dicated by the alterations of levels of blood NH3, 
GLU and TP (Zhang et al., 2008b). Therefore, the 
biochemical parameters of blood plasma are useful 
in monitoring the physiological status of fish and 
as indicators of the aquatic environmental health 
(Rehulka and Parova, 2000; Rehulka and Minarik, 
2001; Dobšíková et al., 2009).

Many water contaminants can stimulate the 
production of ROS and result in oxidative damage 
to aquatic organisms (Sturve et al., 2008). Under 
normal conditions, ROS and other pro-oxidants 
are continually detoxified and removed in cells by 
antioxidant systems (Li et al., 2009). Some of the 
most important antioxidant enzymes are SOD, 
CAT, GPx, and GR (Li et al., 2010a,d). These sys-
tems can prevent the formation of ROS, which can 
react with susceptible biological macromolecules 
and produce LPO and CP, resulting in oxidative 
stress (Zhang et al., 2008a; Li et al., 2010b). Many 
antioxidant responses, including oxidative stress 
biomarkers and antioxidant enzymes activities, 
are used in environmental risk assessment (Song 
et al., 2006). 

However, there are only a few reports about the 
ecotoxicological data on triazole fungicides (Egaas 
et al., 1999), and there is no information about ef-
fects of PCZ on fish oxidative stress biomarkers and 
plasma biochemical parameters. In this study, the 
rainbow trout, one of the widely used fish models 
in aquatic toxicology, was exposed to PCZ to de-
termine its acute effects on physiological and bio-
chemical responses. This was done by analysing the 
plasma parameters (including the enzyme activities 
of ALT, AST, ALP, and LDH, and the concentrations 

of blood NH3, GLU and TP) as well as the antioxi-
dant responses (SOD, CAT, GPx, GR activities) and 
oxidative stress indices (CP and TBARS levels) in 
the brain and white muscle. 

Material and methods

Chemicals 

PCZ and other chemicals were obtained from 
Sigma-Aldrich Corp. (Saint Louis, USA). PCZ was 
dissolved in DMSO to make a stock solution at a 
concentration of 100 mg/ml. 

Fish

Rainbow trout, weighing 69.22 ± 6.87 g (mean ± 
SD), were obtained from a local commercial hatch-
ery (Husinec, Czech Republic). They were held in 
aquaria containing 250 l of freshwater continu-
ously aerated to maintain dissolved oxygen values 
at 7.5–8.0 mg/l. The temperature was 15 ± 1°C and 
pH was 7.4 ± 0.2. The photoperiod was a 12:12 
light-dark cycle. Fish were acclimatized for 14 days 
before the beginning of the experiment and were 
fed commercial fish food. The fish were starved 
for 24 h prior to exposure to avoid prandial ef-
fects during the assay and were not fed during the 
experimental period.

Determination of 96-h-LC50 

The test was carried out in 20 l glass tanks. Seven 
fishes were exposed to each of the five experimen-
tal concentrations of PCZ (2, 4, 6, 8, 10 mg/l). Two 
other groups were used as contrast groups, one 
control group exposed to clean freshwater and 
one DMSO group to the volume of DMSO (v/v, 
0.01%) used for the highest PCZ concentration. 
Each PCZ concentration group was duplicated. 
The tests were performed semi-statically for 96 h. 
Water was changed daily to maintain the concen-
trations of PCZ and DMSO and to maintain water 
quality. Basic physical and chemical indices of the 
water used in the acute toxicity test were main-
tained as described for the acclimation period. The 
tanks were checked twice a day and dead fish were 
removed. 
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Acute exposure to 96-h-LC50 

The examinations were performed at the end of 
the acute toxicity test with PCZ at a concentra-
tion of 5.04 mg/l (96-h-LC50). Fish in the DMSO 
and non-treatment groups were held under condi-
tions identical to those of the acute toxicity test and 
monitored concurrently. The test was performed 
in three 100 l tanks, each stocked with 10 fishes, 
i.e. one tank with 5.04 mg/l of PCZ, one control 
tank with clean freshwater, and a third containing 
the solvent (v/v, 0.01% DMSO). Each group was 
duplicated. The test was performed semi-statically 
for 96 h under the conditions described for the 
acute toxicity test. The medium was renewed daily 
to maintain the appropriate concentration of PCZ 
and DMSO and to maintain water quality. 

Plasma biochemical characteristics 

Blood samples were taken from each fish by 
caudal venipuncture using a syringe heparinized 
(Heparin inj., Léčiva, Czech Republic) at a concen-
tration of 5000 IU heparin sodium salt in 1 ml. An 
aqueous solution of heparin sodium salt at 0.01 ml 
per 1 ml blood was used to stabilize the samples. 
Blood plasma obtained from cooled centrifuged 
blood samples (4°C, 837 × g) was stored at –80°C 
until use. Biochemical indices including GLU, TP, 
NH3, AST, ALT, LDH, and CK were determined us-
ing a VETTEST 8008 analyzer (IDEXX Laboratories 
Inc., Maine, USA). 

Antioxidant indices 

Tissue samples and preparation of post-mito-
chondrial supernatant. After 96 h of exposure to 
PCZ, the fish of each experimental group were killed. 
Brain and muscle were quickly removed. The samples 
were immediately frozen and stored at –80°C until the 
biochemical determinations were carried out. 

Frozen tissue samples were weighed and homog-
enized (1:10 w/v) in an Ultra Turrax homogenizer 
(Ika, Germany) using 50mM potassium phosphate 
buffer, pH 7.0, containing 0.5mM EDTA. The ho-
mogenate was divided into two portions, one por-
tion for measuring TBARS and CP, and the other 
was centrifuged at 12 000 × g for 30 min at 4°C 
to obtain the post-mitochondrial supernatant for 
antioxidant enzyme analyses.

Indices of oxidative stress. A 500 μl aliquot of 
homogenate was mixed with 1 ml of 30% (w/v) TCA 
and centrifuged for 10 min at 5 000 × g. The su-
pernatant was used for LPO assays and the pellet 
was used for CP assay. 

The TBARS method described by Lushchak et 
al. (2005) was used to evaluate LPO in brain and 
white muscle. The supernatant was combined with 
an equal volume of TBA reagent containing a satu-
rated solution of TBA and BHT dissolved in etha-
nol. The mixture was boiled for 30 min. After rapid 
cooling, butanol was added and mixed vigorously. 
Samples were centrifuged for 10 min at 5000 × g 
and the butanol phase was removed and used to 
measure TBARS. The TBARS concentration was 
calculated by the absorption at 535 nm and a mo-
lar extinction coefficient of 156mM/cm. The value 
was expressed as nanomoles of TBARS per g wet 
tissue weight.

Carbonyl derivatives of proteins were detected 
by reaction with DNPH according to the method 
described by Lenz (1989). The pellet from the TCA 
extract (above) was mixed with 1 ml of DNPH in 
2M HCl. Control samples contained 1 ml of HCl 
instead of the DNPH solution. Samples were incu-
bated for 1 h at 25°C and centrifuged for 10 min 
at 5000 × g. Supernatants were discarded and the 
pellets were washed three times with 1 ml of eth-
anol butylacetate (1:1 v/v) mixture. Pellets were 
dissolved in guanidine HCl and centrifuged to 
pellet insoluble particles. The amount of CP was 
measured spectrophotometrically at 370 nm using 
a molar extinction coefficient of 22mM/cm. The 
values were expressed as nanomoles of CP per g 
of wet tissue weight. 

Assay of antioxidant enzyme activities. Total 
superoxide dismutase (SOD; EC 1.15.1.1) activity 
was determined by the method of Marklund and 
Marklund (1974). This assay depends on the au-
toxidation of pyrogallol. SOD activity was assessed 
spectrophotometrically at 420 nm and expressed 
as the amount of enzyme per milligram of protein. 
The catalase (CAT; EC 1.11.1.6) activity assay, us-
ing the spectrophotometric measurement of H2O2 
breakdown, measured at 240 nm, was performed 
following the method of Beers and Sizer (1952). 
Glutathione peroxidase (GPx; EC 1.11.1.9) activity 
was assayed following the rate of NADPH oxidation 
at 340 nm by the coupled reaction with glutathione 
reductase. The specific activity was determined 
using the extinction coefficient of 6.22mM/cm 
(Lawrence and Burk, 1976). Glutathione reduct-



64

Original Paper	 Czech J. Anim. Sci., 56, 2011 (2): 61–69

ase (GR; EC 1.6.4.2) activity was determined spec-
trophotometrically, measuring NADPH oxidation 
at 340 nm (Carlberg and Mannervik, 1975). One 
unit of CAT, GPx, or GR activity is defined as the 
amount of the enzyme that consumes 1 μmol of 
substrate or generates 1 μmol of product per min; 
activity was expressed in international units (or 
milliunits) per mg of protein.

Protein estimation and statistical assays

Protein levels were estimated spectrophotometri-
cally by the method of Bradford (1976) using bovine 
serum albumin as a standard. All values were ex-
pressed as mean ± SD and analyzed by SPSS for Win 
13.0 software. One-way ANOVA following Tukey’s 
test was carried out to determine whether treatments 
were significantly different from the control group 
(P < 0.05). Correlation analysis was performed using 
the Pearson correlation of SPSS for Win 13.0.

Results 

Acute toxicity test 

As shown in Table 1, the acute toxicity of PCZ 
to rainbow trout was concentration-dependent. In 
96-h exposure, 2 mg/l PCZ had no lethal toxicity 
to tested fish, and the corresponding lowest effect 
concentration was 4 mg/l, and the 100% lethal con-
centration was 10 mg/l. The 96-h-LC50 of PCZ to 
rainbow trout was 5.04 mg/l.

Plasma biochemical characteristics 

Biochemical blood plasma profiles of the control, 
DMSO and experimental group are documented in 
Table 2. Results showed a significantly (P < 0.05) 
higher concentration of CK, ALT, AST, LDH, NH3 
and GLU in the experimental fish compared to the 
control, but the content of TP was comparable in 

Table 1. Acute lethal test of PCZ toxicity to rainbow trout after 96-h exposure

Concentration of PCZ (mg/l) log N No. of tested fishes* No. of dead fishes* Mortality (%)

2 0.301 7 0 0.00

4 0.602 7 1 14.29

6 0.778 7 5 71.43

8 0.903 7 6 85.71

10 1.000 7 7 100.00

*Data are the average of two duplicate experiments; log N = logarithmic concentration of PCZ 

Table 2. Biochemical indices of blood plasma in rainbow trout after acute exposure to PCZ. Data are means ± SD, 
n = 10

Indices Unit Control group DMSO group Experimental group

CK μkat/l 13.68 ± 0.53 13.90 ± 0.46 19.77 ± 0.50*

ALT μkat/l    0.56 ± 0.23   0.53 ± 0.14   0.80 ± 0.21*

AST μkat/l    4.77 ± 1.48   5.25 ± 1.30 11.11 ± 0.96*

LDH μkat/l 18.06 ± 0.46 18.68 ± 0.41 21.47 ± 0.42*

NH3 μmol/l 359.10 ± 43.54 374.80 ± 40.28 729.60 ± 56.53*

GLU mmol/l   3.11 ± 0.18   3.39 ± 0.24   7.46 ± 0.47*

TP g/l 29.90 ± 1.37 30.70 ± 1.10 30.40 ± 1.11

*Denotes significant differences compared with the control value in Tukey’s test (P < 0.05)
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all groups. There were no significant differences 
between the control and DMSO group. 

Antioxidant indices 

Levels of lipid peroxidation and carbonyl pro-
tein in the tissues of rainbow trout after acute 
exposure to PCZ are summarized in Figure 1. 
The levels of TBARS and carbonyl protein in the 
muscle of experimental group were little high-
er, but not significantly (P > 0.05) compared to 
the control group. However, significantly higher  
(P < 0.05) TBARS and carbonyl protein (1.95-fold  
and 2.33-fold, respectively) were observed in 
the brain. There was no significant difference 
(P > 0.05) in TBARS and CP between the control 
and DMSO group.

The activities of antioxidant enzymes in the rain-
bow trout tissues are shown in Figure 2. The acute 
exposure to PCZ caused a significantly lower (P < 
0.05) level of the activity of SOD, CAT, GPx, and 
GR (0.47-fold, 0.68-fold, 0.46-fold and 0.64-fold,  
respectively) in the brain of the experimental group 
when compared to the control. However, in general, 

the activities of antioxidant enzymes in the muscle 
were higher than those in the controls, but both 
the enzyme activities and the extent of changes 
were not more obvious than those in the brain. 
Furthermore, CAT and GR in the muscle showed 
no significant increase (P > 0.05). For the activi-
ties of all antioxidant enzymes, no significant dif-
ferences were observed between the control and 
DMSO group.

Table 3 shows the correlation between the oxi-
dative stress parameters and the activities of anti-
oxidant enzymes in the brain of rainbow trout. A 
significant correlation (P < 0.05) between TBARS 
and CAT, TBARS and GPx, CP, and CAT, GR, and 
GPx was observed.
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Figure 2. Effect of PCZ on superoxide dismutase (SOD,  
IU/mg protein) activities, catalase (CAT, IU/mg protein) 
activities, glutathione peroxidase (GPx, mU/mg protein) 
activities, glutathione reductase (GR, mU/mg protein) acti-
vities in rainbow trout tissues

Figure 1. Effect of PCZ on level of thibarbituric acid 
reactive substances (TBARS, nmol/gww) and carbonyl 
proteins (CP, nmol/gww) in rainbow trout tissues. Con-
trol, DMSO and experimental groups’ values are shown 
in column C, D, E, respectively. Data are mean ± SD, 
n=10

*Denotes significant differences compared with control value 
in the Tukey’s test (P < 0.05)
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Discussion

The worldwide occurrence of residual pesticides 
in aquatic environment makes it necessary to per-
form environmental risk assessment procedures to 
monitor the effects of pesticides on fish and other 
aquatic organisms. Oxidative stress biomarkers and 
blood parameters are valuable tools in this regard 
(Romero-Ruiz et al., 2003; Li et al., 2010b).

Plasma biochemical characteristics 

Haematological and biochemical profiles of blood 
can provide important information about the in-
ternal environment of the organism (Rehulka and 
Parova, 2000; Li et al., 2010b). Plasma enzymes, 
CK, AST, ALT and LDH, are frequently used to 
determine the toxic effects of various pollutants (Li 
et al., 2010b). CK catalyses the conversion of creat-
ine and consumes adenosine triphosphate (ATP) to 
create phosphocreatine and adenosine diphosphate 
(ADP), as a plasma marker of environmental stress 
(Li et al., 2010b). Increased release of ALT into 
the blood is indicative of damage to the integrity 
of hepatocyte membranes and the elevated AST 
activities are due to mitochondrial disruption as a 
consequence of heavy hepatitis (Qiu et al., 2009). 
LDH is a tetrameric enzyme recognized as a po-
tential marker for assessing the toxicity of a chemi-
cal. The elevated levels of LDH in the haemolymph 
might be due to the release of isozymes from the 
destroyed tissues (Mishra and Shukla, 2003). In 

this study, after acute exposure to PCZ, the CK, 
LDH, AST and ALT levels were significantly higher 
than those in the control, which agreed with the 
previous results (El-Sayed et al., 2007). According 
to our results, PCZ caused a higher plasma ammo-
nia concentration compared to the control, since 
detoxifying mechanisms were supposedly unable 
to convert the toxic ammonia to less harmful sub-
stances, which is in accordance with similar results 
of the same fish exposed to deltamethrin (Li et al., 
2010b). Moreover, a significantly higher glucose 
concentration was observed, which demonstrated 
the response of exposed fish to metabolic stress.

Antioxidant indices 

The toxicity of many contaminants in aquatic 
organisms is mediated through oxidative damage 
when reactive oxygen species (ROS) are formed. 
Under normal conditions, ROS are removed from 
the cell by the action of antioxidant defence sys-
tems. If the production of ROS is in excess, the 
balance between the formation and removal of ROS 
will be destroyed and it will produce the oxidative 
stress (Li et al., 2010c). 

Lipid peroxidation (LPO) has been reported as 
a major contributor to the loss of the cell function 
under oxidative stress conditions and it is usually 
indicated by TBARS in fish (Oakes and Van der 
Kraak, 2003). Considering that the typical reaction 
during ROS-induced damage involves the peroxi-
dation of unsaturated fatty acids, our results clearly 

Table 3. The correlation (r) between the oxidative stress parameters and the activities of antioxidant enzymes in 
the brain of rainbow trout

TBARS CP SOD CAT GR

CP
r 0.92

P 0.07

SOD
r –0.83 –0.75

P 0.06 0.12

CAT
r –0.91 –0.89 0.92

P 0.04 0.04 0.06

GR
r –0.72 –0.81 0.86 0.94

P 0.08 0.09 0.08 0.14

GPx
r –0.95 –0.86 0.82 0.90 0.96

P 0.01 0.07 0.09 0.09 0.04
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showed that  the fish exposure to PCZ for 96 h 
led to oxidative stress, with higher LPO levels in 
both tissues, including significantly higher in the 
brain, when compared to the control group. Besides 
highly oxidizable lipids, ROS could directly attack 
protein and it could lead to the protein carbonyl 
formation (Bainy et al., 1996). The formation of 
carbonyl proteins is non-reversible, resulting in 
normal protein metabolism disrupted and accumu-
lation of damaged molecules (Zhang et al., 2008a). 
We observed alterations in protein carbonylation 
in tissues similar to those seen with LPO.

To minimise the potential toxic effects of ROS, 
fish have evolved an enzymatic antioxidant defence 
system composed of SOD, CAT, GPx, GR and other 
molecules to inhibit the formation of oxygen radi-
cals (Li et al., 2010b). SOD is a primary oxygen 
radical scavenger of tissues converting the super-
oxide anion radical to H2O and H2O2 (Nordberg 
and Arner, 2001). CAT and GPx act cooperatively 
as scavengers of hydrogen peroxide (both enzymes) 
and other hydroperoxides (GPx) (Gate et al., 1999). 
GR plays an important role in cellular antioxidant 
protection and adjustment processes of metabolic 
pathways (Cazenave et al., 2006). In this study, af-
ter 96 h exposure to PCZ, all antioxidant enzyme 
activities were higher in the muscle of O. mykiss, 
and especially SOD and GPx activities were signifi-
cantly higher when compared to the control. The 
responses of brain were opposite to those of muscle. 
We observed that the activities of all antioxidant 
enzymes were significantly inhibited. This finding, 
together with findings of previous studies, indicates 
that the brain has a relatively low antioxidant de-
fence system (Mates, 2000), although the brain has 
a high mitochondrial oxidative metabolism to meet 
the high ATP demand for neural processing in fish 
(Li et al., 2010c,e). Tissue-specific differences in the 
effects of PCZ on the ROS handling suggest that 
there are different ROS-scavenging mechanisms in 
different tissues (Li et al., 2010f ). 

Correlation analysis suggested the connection 
of oxidative stress with the activities of antioxi-
dant enzymes. The significant correlation between 
TBARS and CAT, GPx indicates that the activities 
of CAT and GPx are more sensitive to lipid peroxi-
dation in the fish brain. Catalase is mainly located 
in peroxisomes and is responsible for the reduction 
of hydrogen peroxide produced by the metabolism 
of long-chain fatty acids in peroxisomes while GPx 
catalyses the reduction of both hydrogen peroxide 
and lipid peroxide (Winston and Digiulio, 1991). 

This result suggests that the significantly higher 
lipid peroxidation levels were mainly caused by 
the inhibition of CAT and GPx in the fish brain. 
The significant correlation between CP and CAT 
was observed in this study, which is in agreement 
with previous studies (Bagnyukova et al., 2005; Li 
et al., 2010e). It indicates that the disruption of 
CAT genes may result in increased protein carbonyl 
levels in the fish brain. The significant correlation 
between GR and GPx may be caused by the same 
glutathione-related enzymatic family.

Conclusion

In summary, this paper reported the effects of 
acute exposure to the fungicide propiconazole on 
plasma biochemical characteristics and antioxidant 
stress indices in the freshwater rainbow trout, O. my- 
kiss. The changes of plasma biomarkers and anti-
oxidant indices were the physiological responses 
of fish to the stress of PCZ exposure. In addition, 
it was found out from different changes of antioxi-
dant defence systems in muscle and brain that the 
brain was a more sensitive target organ to oxidative 
damage. According to results of the present study, 
the plasma indices and antioxidant responses could 
provide useful parameters for evaluating the physi-
ological effects of PCZ on rainbow trout, but a more 
detailed laboratory study will be carried out before 
these findings are applied to monitor the residual 
PCZ in aquatic environment. However, it is well 
known that acute toxicity in fish is unlikely to occur 
at the lower measured environmental concentra-
tions, therefore, more long-term experiments at 
lower PCZ concentrations are needed to validate 
these parameters as biomarkers in large-scale en-
vironmental monitoring programmes.
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