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Abstract. In the present work two different pesticides, a herbicide and a fungicide were used in order to
study their toxic effects on bighead carp (Aristichthys nobilis Rich.). We investigated the fish liver as a
main detoxification organ and observed its morphological structure. In addition, we also measured the
hepatic enzymatic activity of LDH, ALAT and ASAT. The histological lesions were degenerative and
necrotic changes, as well as changes in the circulatory system. The degenerative changes included
granular, balloon, fatty and hyaline degeneration. The necrotic changes included necrobiosis and necrosis,
and the changes in the circulatory system — hyperemia and lymphocyte proliferation, respectively. The
levels of LDH, ALAT and ASAT were altered compared to the control. Thus, we can conclude that both
selected pesticides have a negative impact on the fish liver function. However, the fungicide exposure led
to more pronounced histological alterations.

Keywords: pesticides, Aristichthys nobilis, histology, enzymes, water contamination

Acronyms: LDH - lactate dehydrogenase, ALAT — alanine aminotransferase, ASAT — aspartate
aminotransferase

Introduction

In the European Union, there are more than 100.000 registered chemicals, of
which 30.000-70.000 are in daily use (EINECS, European Inventory of EXisting
Chemical Substances) (Schwarzenbach et al., 2006). The pesticides are among these
chemicals, which have been found ubiquitously in natural waters, not only in
industrialized areas, but also in more remote environments (Loos et al., 2010; Yadav
et al., 2010). Thus, the widespread use of pesticides for agricultural activities results
in the contamination of numerous aquatic ecosystems, including water, sediments
and biota (Devault et al., 2009).

In this sense, organophosphorous pesticides (OPs) in many cases replaced
organochlorine pesticides (OCs) in agriculture. Even though they have a short-term
degradation and fewer residues, OPs unfortunately lack target specificity and can cause
severe, long lasting population effects on aquatic non-target species (Fulton and Key,
2001). Furthermore, according to Solé et al. (2000) the OPs rapidly degrade in the water
column and biota, and are considered as low persistent chemicals. However, concern
remains for non-target organisms, particularly within coastal areas, which are
characterised by poor water circulation and during periods of intensive agricultural
activity. In addition, the OPs are potentially harmful for aquatic organisms due to
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prolonged inhibitory effects on the cholinesterase (ChE) activity (Valbonesi et al., 2011)
and capability to induce other physiological disorders (Almeida et al. 2010). In addition,
the OP residues can concentrate and diffuse by the effect of biological enrichment and
food chains; therefore they might appear in food products and pose a potential risk for
human health (Sun et al., 2011).

According to Reemtsma et al. (2006) some chemicals are not degraded at all (e.g.,
heavy metals) or only very slowly (e.g., persistent organic pollutants such as DDT,
lindane, EDTA, perfluorinated acids (PFASs), or even some pharmaceuticals such as
carbamazepine or sulfamethoxazole. Hence, to tackle the problems with water
contamination the European Water Framework Directive (WFD) (2001) sets up
environmental objectives to achieve ‘‘good water status’’ for all European waters by
2015, and establishes a clear framework to enable these objectives to be achieved.

Furthermore, according to the WFD the fish represent one of the key elements to
evaluate the rivers ecological status and they are among the group of non-target aquatic
organisms (Hermoso et al., 2010; Marin-Morales et al., 2013). The fish provide a good
model for monitoring the toxicity in aquatic systems because they are extremely
sensitive to pollutants, have the ability to metabolize xenobiotics and exhibit a very high
bioaccumulation rate of dissolved chemicals relative to their concentration. Moreover,
the fish is a valuable bioindicator, because its detoxification enzymes (e.g.
monooxygenases) have a lower activity than in mammals and thus, allows a higher
toxicant bioaccumulation (Zhou et al., 2008; Fazio et al., 2013). According to Kroglund
et al. (2008) the toxicant concentrations, particularly in the gills reflect the toxicant
concentrations in the water where the fish live; whereas the concentrations in
parenchymal organs such as the liver and kidney represent storage of toxicants. Thus,
the fish liver, which is the primary organ for metabolism, detoxification of xenobiotics
and excretion of harmful substances, is one of the most common organs studied in
ecotoxicological research. It also has the ability to degrade toxic compounds, but its
regulating mechanisms can be overwhelmed by elevated concentrations of these
compounds, and could subsequently result in structural damages (Bruslé and Gonzalez,
1996; Au, 2004; Mohamed, 2009).

Viana et al. (2013) and Pinheiro-Sousa et al. (2013) suggest that the biomonitoring
process should include analyses at different levels of biological organization, from sub-
cellular and cellular analysis of tissues and organs, to those of population and community
levels. Therefore, Van der Oost et al. (2003) define biomarkers as biological indicators
from an exposure to a stressor responding in various ways, which can be successfully
applied in environmental biomonitoring and risk assessment programs. Histology is an
important diagnostic and sensitive tool to detect direct effects of chemical compounds on
target organs and can therefore, be used to assess the health of fish populations in
contaminated aquatic systems (Schwaiger et al., 1997; Van Dyk and Pieterse, 2008; Sousa
et al., 2013a; Sousa, 2013b). Severe or prolonged physiological and biochemical
alterations will lead to structural alterations, which will become more pronounced over
time and the severity will increase (Van Dyk et al., 2009). Antioxidant enzymes in the
fish liver are also considered to be important parameters for testing water quality and
negative effects of pesticides, as well as for detecting potential adverse effects and
relatively early events of pollutant damage (Stentiford et al., 2003; Koenig et al., 2012).
Hence, various responses of enzymes have been observed in fish exposed to different
persistent organic contaminants, which indicate an increase or a decrease in the activity
depending on the dose, species and route of exposure (Lu et al., 2013).
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The main objective of the present experiment was to study ex situ the toxic effects of
two organophosphorous pesticides (herbicide and fungicide) on the liver of bighead
carp (Aristichthys nobilis Richardson, 1845). We aimed to determine, which one of the
two tested pesticides has a more severe impact on its structure and functions. Such data
is relatively scarce, even though the toxic effects of pesticides on fish are well-studied.
For this purpose in the present study we investigated the hepatic histological structure
and activity of the enzymes LDH, ALAT and ASAT.

Materials and methods
Test chemicals
Fungicide

We used in the present study a fosetyl-Al (Aluminium tris-O-ethyl phosphonate) and
fenamidone (1-anilino-4-methyl-2-methylthio-4-phenylimidazolin-5-one) based
fungicide in the form of dispersible granules (WG). According to European Food Safety
Authority (2006) fosetyl-Al is a phosphonate compound, but its structure and mode of
action differ from the most of the other organophosphorus compounds used as
pesticides. Moreover, fosetyl-Al is used for control of various plant pathogenic
phycomycetes and ascomycetes. This active substance is used for preventing crops and
also for inhibiting fungal spore germination and penetration of pathogens into plants.
Fosetyl-Al also acts indirectly by stimulating the plant’s natural defence mechanisms.
Fenamidone belongs to the Quinone outside Inhibitors (Qol) group (Genix et al., 2003)
and provides an excellent control of Oomycetes diseases (Leake, 2003).

Herbicide

The test herbicide is a glyphosate (N-(phosphonomethyl)-glycine) based one.
Glyphosate is an aminophosphonic analogue of the natural amino acid glycine and it is
commonly formulated in its form of isopropylamine salt (IPA salt), though other related
chemical forms are also commercialized (Franz, 1985). It is a systemic herbicide that is
readily translocated throughout the plant.

We used concentrations of 30 mg/l, 38 mg/l and 50 mg/l fungicide; as well as 20
mg/l, 40 mg/l and 72 mg/l herbicide. The chemical concentrations represent 50, 40, 30
times dilution (for the fungicide) and 70, 40, 20 times dilution (for the herbicide) of the
stock solution, which were prepared according to the guidelines for application by the
manufacturer.

Test animals

Bighead carp (Aristichthys nobilis) is a freshwater cyprinid fish species, which
has become very popular in the last years in aquaculture and sports fishing.
However, there is not enough ecotoxicological data on bighead carp as the most
commonly used cyprinid fish in such studies are common carp (Cyprinus carpio)
and gibel carp (Carassius gibelio).

We purchased seventy healthy fish from the “Institute of Fisheries and Aquaculture”
in the city of Plovdiv, Bulgaria. The bighead carps were with similar size (mean length
18.65 cm =+ 1.33; mean body mass 53.02 g + 6.3) with no external pathological
abnormalities. The fish were transported in plastic tanks equipped with air pumps to the
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laboratory at the department of Ecology, Faculty of Biology, University of Plovdiv.
Thereafter, they were placed in 100 | tanks with chlorine-free tap water (by evaporation)
in order to acclimatize for one week. The laboratory experiment included 6 tanks with
10 bighead carps exposed to 6 different pesticide concentrations (3 for each pesticide as
described above). The seventh tank served for control. The fish were not fed prior or
during the 96 h experiment.

All tanks were equipped with air pumps for permanent aeration and the water was
kept oxygen saturated. The fish were kept under a natural light/dark cycle (12:12). The
water physico-chemical characteristics such as pH, temperature, dissolved oxygen and
oxygen saturation, and conductivity were measured once per day according to a
standard procedure (APHA, 2005) with a combined field meter (WTW, Germany).
They were as follows: pH — 8.1 £+ 0.5; temperature — 21.5 + 1.5°C; dissolved oxygen —
7.3 £ 2.5 mg/l, oxygen saturation — 103.5 + 1.2% and conductivity — 423 + 1.5 uS/cm.

The present study was performed in accordance with national and international
guidelines of the European Parliament and the Council on the protection of animals
used for scientific purposes (Directive 2010/63/EU).

Histological analysis

The liver samples were prepared for histological analysis using standard techniques
(Romeis, 1989). After dissection they were immediately fixed in 10% neutrally buffered
formalin solution for 24 h. The preserved samples were washed in tap water, dehydrated
in a series of increasing ethanol concentrations (70% — 80% — 85% — 96% — 100%),
cleared in xylene, infiltrated with liquid paraffin with a melting point of 54-56°C and
finally embedded in paraffin wax, sectioned at 5-7 um thick cut using a semi-automated
rotary microtome (Leica RM 2245, Germany) and mounted on sterilized glass slides.
The samples were then deparaffinised, stained with hematoxylin and eosin (H&E) and
prepared for light microscopy analysis. The histological changes in the liver were
observed and photographed using a light microscope (Nikon, Japan) mounted with a
digital camera.

Assessment of histological alterations

A histological assessment protocol of Van Dyk et al. (2009) was used to estimate the
histological lesions identified in the livers of all exposed fish. In addition, we modified
and combined the semi-qualitative histological grading systems by Pierce et al. (1978)
and Zimmerli et al. (2007) where a numerical value (grade) was assigned to each liver
according to its histological characteristics. This system clearly distinguishes between
the normal liver morphology and pathology by indicating the histological conditions
associated with healthy and pathological conditions.

Each grade represents specific histological characteristics and is assigned from 0 to 5
as follows: 0 — normal/healthy structure; the tissue architecture is well developed and
show no impairments or pathological changes; 1 — normal/healthy structure with slight
degenerative changes in the hepatocytes, as well changes in the circulatory system; 2 —
normal hepatic structure with mild degenerative changes in the hepatocytes, as well
changes in the circulatory system; 3 — hepatic alterations with moderate degenerative
changes in hepatocytes, as well as changes in the circulatory system; 4 — pronounced
degenerative changes in the hepatocytes, as well as changes in the circulatory system; 5
— very severe hepatic alterations, loss of hepatic cord structure.
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Biochemical analysis

The livers were rapidly thawed on ice and manually homogenized, using a Potter
Elvehjem homogenizer fitted with a Teflon pestle in chilled phosphate buffer (50 mM,
300 mM NaCl, pH 7.4). The homogenates was subjected to centrifugation at 9000 rpm
for 15 min. in a cooling centrifuge (MPW 351 R, Poland) at 4°C. The supernatant
fractions were aliquoted, transferred in new eppendorf tubes and stored at —80°C for
further enzyme assays. All biochemical assays were measured spectrophotometrically
(Beckman Coulter Spectrophotometer DU 800, USA) at 25°C. The chemicals used in
this study were purchased from Sigma Chemical Co. and were of analytical grade.

The lactate dehydrogenase (LDH, E.C. 1.1.1.27) activity was assayed according
to Vassault (1983). The aspartate aminotransferase (ASAT, E.C. 2.6.1.1) and alanine
aminotransferase (ALAT, E.C. 2.6.1.2) activities were determined by the method of
Reitman and Frankel (1957) as described by IFCC (1986) using commercially
available Kits.

The protein levels were measured by the Bradford (1976) method with Coomassie
Brilliant Blue G-250 using bovine serum albumin as standard. The absorbance of
samples was detected at 595 nm and expressed as milligram protein per millilitre
homogenate.

One unit of LDH, ASAT and ALAT was defined as the amount of the enzyme that
consumes 1 mol/l of substrate or generates 1 mol/l of product per min. The activity was
expressed in international units per milligram of protein.

The statistical analyses on raw data on the different pesticide concentrations and
control group were tested using the Student's t-test (p < 0.05) and software program
Statistica (version 7.0 for Windows, StatSoft, 2004). The data of analyses were reported
as mean+SD.

Results
Liver histology

The present study demonstrates that the control fish liver generally exhibited normal
morphology with a typical parenchymatous appearance and there were no pathological
abnormalities found. The parenchyma was primarily composed of hepatocytes typically
with a large central nucleus and homogenous cytoplasm. In very rare cases the fish
hepatocytes can be found with two nuclei. The hepatocytes were located among blood
sinusoids forming a cord-like structure known as hepatic cell cords. The lumen of
sinusoids contained mainly erythrocytes. The venous blood entered the liver caudally
from the intestine via the hepatic portal veins and branches into the sinusoids. They
were lined with reticuloendothelial cells, which were in turn surrounded by hepatocytes
(Takashima and Hibiya, 1995).

On the other hand, the histological analysis, which was performed, showed
degenerative and necrotic changes in the fish exposed to the two tested pesticides,
as well as changes in the circulatory system (see Table 1). The degenerative
changes included granular, balloon, fatty and hyaline degeneration (Fig. 1 b, h, i).
The necrotic changes included necrobiosis and necrosis (Fig. 1b, f), and the changes
in the circulatory changes — hyperemia and lymphocyte proliferation, respectively
(Fig. 1d, e, h, i).
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Figure 1. Histological alterations in bighead carp liver due to pesticide exposure, a - control
granular degeneration (black and white arrow), balloon degeneration (black
arrow) and karyolysis (dashed arrow) at 30 mg/I fungicide, x400; ¢ — hyaline degeneration at
38 mg/l fungicide, x600; d — lymphocyte proliferation at 38 mg/I fungicide, x400; e —
hyperemia at 50 mg/I fungicide, x400; f — necrosis at 50 mg/l fungicide, x400; g - granular
(black and white arrow) and balloon degeneration (black arrow) at 20 mg/I
herbicide, x400; h — hyperemia (black arrow) and granular degeneration (black and white
arrow) at 40 mg/l herbicide, x400; i - granular degeneration (black and white arrow) and

group, x200; b —

degeneration

In terms of the semi-quantitative scale in the fish exposed to the two pesticides we
determined moderate (3) degenerative changes — granular,
degeneration, which were dose-dependent (Table 1). Only balloon degeneration in the
the herbicide was expressed in a mild degree. We did not observe severe

fish exposed to

hyperemia (black arrow) at 72 mg/l herbicide, x400.

hepatic changes (described as 5) in our study.

When it comes to hyaline degeneration as a hepatic alteration, we found significant
differences when we compared the effects of the two tested pesticides. This particular
change was observed only in the fish exposed to the fungicide. On the other hand, the
the herbicide did not show any single evidence for hyaline degeneration.
fungicide concentration this alteration was expressed only as some
acidophilus droplets in the hepatocytes cytoplasm. When the fungicide concentrations
number and size of the acidophilus droplets increased, respectively.
Moreover, at the highest fungicide concentration we determined a combination of
hyaline degeneration with karyolitic and necrotic sections. In general, the expression of

fish exposed to
At the lowest

increased, the
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hyaline degeneration was determined as pronounced, which was the most severe one
compared with the other liver alterations (Fig. 1c).

In the liver structure we also observed necrobiotic and necrotic hepatocytes. They
were mostly expressed in a mild to moderate degree. Necrosis in the liver parenchyma
revealed also a tendency towards increasing its expression with increasing the toxicant
concentrations. Interestingly, there was no significant difference in the extent of the
expression between the effects of both pesticides (Table 1).

Table 1. Histological alterations in bighead carp liver due to pesticide exposure

Histological

alterations Control Fungicide Herbicide
Concentration 30 38 50 20 40 72
mg/l
Granular 1 1 3 3 1 3 3
degeneration
Balloon 0 2 3 3 1 1 1
degeneration
Hyaline 0 2 3 4 0 0 0
degeneration
Fatty 0 1 2 3 1 1 2
degeneration
Necrotic
alterations:
kariopyknosis 0 0 0 2 0 1 1
kariorrehiss 0 0 0 0 0 0 1
kariolysis 0 1 1 2 1 1 1
Necrosis 0 1 2 2 1 2 2
Lymphocyte 0 0 1 2 1 1 1
proliferation
Hyperemia 0 2 1 2 2 2 2

The changes in the circulatory system such as hyperemia were observed more
frequently in the sinusoids and less in the hepatic veins. The effects of the herbicide
were more serious compared to the fungicide. As for the lymphocyte proliferation, the
trend to increase the degree of expression was dose-dependent in the fish exposed to the
fungicide, while in the fish exposed to the herbicide the degree of expression was
maintained mild at all three used concentrations.

Liver biochemistry

In the present study we also measured the specific activity of three hepatic enzymes
— LDH, ASAT and ALAT (Table 2). Any changes in their activity could provide
information regarding the toxic effects of the studied pesticides, including tissue
damage.
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In the fish exposed to the fungicide we observed an increase in the levels of LDH,
ALAT and ASAT compared with the control group. The statistical analysis showed
significant differences (p < 0.05) for the activity of LDH between the control and the
fish exposed to concentrations of 38 mg/l and 50 mg/I. Such a difference (p < 0.05) was
also found for the activity of ASAT between the control and the highest fungicide
concentration. There was also a significant difference (p < 0.05) for the activity of
ALAT between the control and all three experimental concentrations (Table 2).

Similarly to the fish exposed to the test fungicide, there was an increase in the LDH
levels in the fish treated with the herbicide compared with the control group. The
aminotransferase activity decreased its values in a dose-dependent manner compared
with the control group. The statistical analysis showed a significant difference (p <
0.05) for the LDH values between the control and the fish exposed to 20 mg/l and 40
mg/l herbicide concentrations. There was also a statistical difference (p < 0.05) between
the control and the fish treated with herbicide concentrations of 40 mg/l and 72 mg/I
(Table 2).

Table 2. Enzymatic activity of LDH, ASAT and ALAT in bighead carp liver due to pesticide
exposure

Enzymatic activity U mg/l protein (average+SD)

Fungicide LDH ASAT ALAT Herbicide LDH ASAT ALAT
concentration concentration
Control 0.93+0.05 0.15:0.05  0.32+0.03  Control 0.35£0.05  0.49+0.03  0.41+0.05
30 mg/l 12640.03 0.25+0.03  0.61+0.06* 20 mg/l 1.20£0.03*  0.30+0.03  0.38+0.04
38 mg/l 153+0.5* 0.32+0.04  0.65:0.05* 40 mg/l 0.98+0.04* 0.21+0.05* 0.26+0.05*
50 mg/l 1.73£1.5% 0.38+0.04* 0.58+0.04* 72 mg/l 0.45+0.05  0.13+0.05* 0.21:0.03*

*enzymatic activity significantly different than the control (p < 0.05)

Discussion

The increasingly widespread use of pesticides in agriculture and their impact on non-
target aquatic organisms require specific studies on their effects on economically
significant species such as bighead carp. It turns out that this particular fish has been
gaining popularity in aquaculture in the last years, but surprisingly the ecotoxicological
data regarding this fish species is quite scarce. Our results indicated that the bighead
carp is a relatively sensitive cyprinid species in terms of pesticide intoxication compared
for example with common carp (Cyprinus carpio) or gibel carp (Carassius gibelio).

Granular and balloon degeneration were the hepatic lesions, which were determined
in the most pronounced degree in the fish treated with both pesticides. Our results are in
agreement with other authors’ who state that these tissue alterations are among the most
common ones when it comes to pesticide effects (Jiraungkoorskul et al., 2003;
Velmurugan et al., 2009). This is also true for the necrobiotic changes. In our
experiment we found that the fungicide caused more severe degenerative changes
compared with the herbicide.

At the highest fungicide concentration we observed less hyaline droplets, but
necrosis was more pronounced. This in turn, indicates more toxic effects of the
fungicide at this concentration compared to the previous, leading to a higher degree of
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necrotic changes in the hepatic parenchyma. We think that such irreversible
disturbances in the hepatocytes suggests dystrophic changes in the protein metabolism,
probably by immunological interactions between the fish organism and toxicant.

Necrosis was found in the fish exposed to both, fungicide and herbicide and its
expression was dose-dependent. In general, the necrobiotic changes were expressed in a
mild to moderate degree. Even though, we believe that the liver functions could be
seriously altered. It is notable that both pesticides had the same toxic mode of action in
terms of this particular hepatic lesion. Hepatic necrosis was also reported by Carvalho
Neta et al. (2014) caused by organic toxicants on catfish.

Likewise Velmurugan et al. (2008) we consider that the changes in the hepatic
enzymes represent a sensitive biochemical indicator for the negative pesticide effects.
LDH is an enzyme, which takes part in the anaerobic pathway of carbohydrate
metabolism (Banaee et al., 2013a). Furthermore, ALAT and ASAT are liver specific
enzymes, participating in the amino acids metabolism. Balint (1997) also consider that
they are sensitive indicators for hepatotoxicity and histological lesions. In the current
study the changes in the hepatic LDH, ALAT and ASAT activity compared with the
control confirmed the toxic impact of both, the fungicide and herbicide, which was also
reported by Yousafzai and Shakoori (2011) in their study. In addition, we consider that
the changes in the hepatic enzyme activities represent tissue damage due to altered
permeability of the hepatocyte cells.

According to Almeida et al. (2002) when the fish is stressed, it needs additional
energy, which will be used for detoxification processes. Thus, LDH participates in the
production of energy by the way of anaerobic metabolism. According to Banaee et al.
(2013Db) the increase in the LDH levels activity is a widely used diagnostic index, which
demonstrates energy depletion due to changes in the environmental conditions and
impact of toxicants.

Das and Mukherjee (2003) registered an increased LDH activity in the liver of fish
exposed to cypermethrin. Analogous results were also found by Sepici-Dincel et al.
(2009) and Malarvizhi et al. (2012). In contrast, Mishra and Shukla (1997), Gabriel and
George (2005) and Gabriel et al. (2012) determined a decreased LDH activity.

According to Morowati (1997) the changes in ALAT and ASAT activity can also be
used successfully as biomarkers for hepatotoxicity. In addition, changes in the levels of
ALAT have an important role in the glucose-alanine cycle in the liver. Banaee et al.
(2012) consider that in a state of stress the increased ASAT and ALAT activity
stimulate the gluconeogenesis process as they have an important role in the mobilization
of L-amino acids.

Increased hepatic enzyme activity of ALAT and ASAT is determined by Neskovic et
al. (1996) in common carp after exposure with glyphosate. In addition, Sharma (1999),
Ghorpade et al. (2002) and Yildirim et al. (2006) reported similar results, but with other
fish species and pesticides. The obtained results on the increase of the transaminases
activity could be due to changes in the protein and carbohydrate metabolism. According
to Naveed et al. (2004) the increased ALAT and ASAT activity shows the inclusion of
amino acids in their transformation into keto acids or in the process of gluconeogenesis,
which in turn is an indicator of liver damage. On the other hand, Begum (2004) and L.i
et al. (2004) found decreased levels of ALAT and ASAT in the fish liver under the
influence of pesticides.

Given our previous studies (unpublished data) associated with an increased glycogen
amount in the liver of common carp under the fungicide influence, we consider that the
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increased hepatic levels of LDH and ALAT probably lead to stimulation of the process
of gluconeogenesis and glycogen accumulation in the fish liver.

On the contrary, the decreased activity of LDH and ALAT, as well as the reduced
amount of glycogen in the fish exposed to the tested herbicide, suggest a reverse process
of increased blood glucose due to the process of glycogenolysis (Stoyanova et al.,
2014). This process is most likely a result of energy depletion after the stress, which the
toxicants cause in the fish organism.

Conclusions

Overall, we consider that the bighead carp is a cyprinid species, which is not very
resilient to pesticide contamination. Therefore, a regular monitoring on fish ponds near
agricultural lands needs to be carried out. In the present study the two tested pesticides
had a similar mode of action in terms of causing toxic effects such as histological
alterations and biochemical disturbances in the fish liver. However, it seems that the
fungicide caused more severe hepatic lesions. Even though, our experiment was
performed only once we consider that the results on the hepatic histological and
biochemical changes show that these alterations can be successfully applied as
biomarkers for hepatotoxicity in biomonitoring and risk assessment programs on
pesticide contaminated freshwater ecosystem. We, therefore suggest that further
research in this particular area should be going on.
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