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Introduction
The aquatic environment is continuously being contaminated 

with chemicals from agriculture activities. Hundreds of pesticides of 
different chemical structures are extensively used to control a wide 
variety of agricultural pests and can contaminate aquatic habitats due 
to leaching and runoff water from treated areas. The pesticides may 
produce an immense disruption of the ecological balance causing 
damage to non-target organisms including fish of commercial 
importance [1]. Pesticides are found to damage vital organs of fish [2], 
skeletal system and they cause biochemical alteration in the exposed 
fishes [3-5].

Carbofuran (2,3-dihydro-2,2-dimethylbenzofuran- 7-yl methyl-
carbamate) is a broad-spectrum systemic insecticide, nematicide, and 
acaricide used throughout the world. As a result of its widespread use, 
carbofuran has been detected in ground, surface and rain waters, soils, 
air, foods and wildlife [6,7]. Carbofuran is classified as very toxic to 
bees, fish, and other aquatic animals, and dangerous to wild birds [8].

Several biochemical and physiological responses occur when a 
toxicant enters into an organism, being able to involve an acclimation 
of the organism or lead to toxicity [9].

The majority of detoxification occurs in the liver via a multitude of 
enzyme systems. Phase I, usually reactions of oxidation, reduction, or 
hydrolysis, and phase II conjugation reactions biochemically transform 
toxicants into more water-soluble, and therefore excretable, substances 
[10]. Phase I enzymes include primarily cytochrome P450 (CYP450), 
which is a superfamily of heme-containing proteins involved in the 
biotransformation of many endogenous compounds and exogenous 
substrates. The proteins belonging to the first three families of CYP450: 
CYP1, CYP2, and CYP3 are closely associated with drug activation and 
metabolism [11]. Currently, CYP1A is the most studied xenobiotic-
metabolizing isoform in fish and is often used as a biomarker for early 
effects of pollutants in aquatic organisms [12]. The CYP3A enzymes 
represent the family responsible for metabolism of many drugs [13]. 
In addition to enzymes that participate in the phase I of metabolism 
of xenobiotics, most fish possess a second group of biotransformation 
enzymes referred to as conjugation or phase II enzymes, which are 
also induced by exposure to different type of pollutants [12]. UDPGT 
(uridine diphospho-glucuronosyl transferase) is involved in the 

conjugation of the xenobiotic parent compound or its metabolites with 
an endogenous substrate [14] thus facilitating the excretion of chemicals 
by the addition of more polar groups to the molecule [5]. Phase II 
enzyme’s answer to environmental xenobiotics is less pronounced 
than that of phase I [15]. However, even minor alterations in phase II 
activity, such as changes in phase II co-substrate levels in response to 
exposure to xenobiotics, can be harmful to aquatic organisms [16]. As 
previously indicated for phase I-biotransformation enzymes, different 
studies have demonstrated that the expression of phase II enzymes can 
be modulated in vivo after exposure to a broad variety of xenobiotic 
compounds [17,18].

Fish have proven to be useful experimental models for the evaluation 
of the health of aquatic ecosystems exposed to environmental pollution, 
because it responds with great sensitivity to changes in the aquatic 
environment [19]. The common carp, Cyprinus carpio, is probably one 
of the few aquaculture species assumed to be domesticated. Common 
carp is widespread and presently cultured all over Asia, in most parts 
of Europe, and in a small scale in some countries of Africa and Latin 
America. It has also been introduced in North America and Australia. 
Though considered to be a sport fish as well, its main importance is as 
a food fish [20].

This study was undertaken to evaluate the effect of carbofuran 
subchronic exposure in fish on two CYP450-mediated reactions: 
ethoxyresorufin O-deethylation (EROD, CYP1A), 7-benzyloxy-4-
trifluoromethylcoumarin O-debenzylation (BFCOD, CYP3A), and 
UDPGT.

Abstract
The effect of semi-static exposition of common carp (Cyprinus carpio L) to different concentrations (0, 10, 50 

and 100 μg/L) of the pesticide carbofuran has been evaluated. The following biological responses were measured: 
(1) ethoxyresorufin-O-deethylase (EROD) and benzyloxy-4-[trifluoromethyl]-coumarin-O-debenzyloxylase (BFCOD)
activities, as a phase I biotransformation parameters; and (2) uridine diphospho-glucuronosyltransferase (UDPGT)
activity as phase II conjugation enzyme. A clear inhibition of both EROD and BFCOD activities was observed in fish
exposed to carbofuran with respect to controls, whereas in the case of UDPGT activity, values of exposed animals
showed a clear increase during the experiment with respect to controls.
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Materials and Methods
Chemicals

All the chemicals and reagents used were of analytical grade from 
Sigma–Aldrich (Germany). Technical carbofuran (95% product) was 
provided by Faesal-Spain. Stock solution was prepared by dissolving 
pesticide in absolute ethanol in a standard volumetric flask. 

Experimental design

Fish: Fresh water juvenile common carp (11–13 cm in length and 
with an average weight of 63.5 ± 6.8 g) were obtained from the local 
fish hatchery “Piscifactoría Vegas del Guadiana” in Badajoz (Spain), 
belonging to the Regional Government (Junta de Extremadura). They 
were acclimated to laboratory conditions for 12 days prior to the 
experiment. The fish were kept in batches of 28 individuals and were 
fed once daily ad libitum with a commercial dry diet for fish (OVN 
Dibaq-Diproteg) until the end of the experiment. Fish were starved for 
24 h before sacrifice.

Water Exposure Experiments: Fish were divided into 4 groups 
with the first group serving as control and the others as experimental 
groups. The experimental groups were exposed to different sub-lethal 
concentration of pesticide : 10, 50 and 100 μg/L corresponding to 2, 10 
and 20% of the 96 h LC50 value for commercial carbofuran in a test 
with C. carpio [21] for 0, 4, 15, and 30 days. The amount of solvent in 
the aquaria was negligible.

Water in each aquarium was weekly gently siphoned out and 
replaced by freshly water with the same concentrations of pesticide. 
Previously to water removing, water samples (250 mL) were taken 
from each tank for carbofuran analysis in order to assess the effective 
concentrations of the pesticide by using an HPLC technique with 
acetonitrile and water as mobile phase and a Nucleosyl 120 C18 column 
[22]. Water quality during the experiment was evaluated according 
to the American Public Health Association [23]. Temperature, pH, 
alkalinity, conductivity and hardness of aquatic media averaged 19–
23°C, 7.5 ± 0.4 (Crison pHmeter), 3.2 ± 0.8 mmol/L, 0.45–0.93 mOhm 
and 178 ± 35 mg/L (as CaCO3), respectively, and dissolved oxygen 
content was never situated below 5 mg/L.

Exposed and control animals (n=7 from each aquarium) were 
removed at the beginning of the experiment and at 4, 15 and 30 days 
of exposure. Fish were anesthetized with a solution of MS222 (Sigma) 
at a concentration of 0.1 g/L [24]. Animals were killed by decapitation, 
measured, weighed and sexed. Their liver were immediately dissected, 
weighed and individually frozen at -80°C until biochemical assays. All 
procedures were performed in accordance with the OECD guidelines 
for testing chemicals (OECD/Test guideline no 203, 1992).

Analytical methods

Prior to biochemical determinations, samples were prepared as 
follows: livers were homogenizedin a 0.1 M buffer phosphate pH 7.4 
(KH2PO4/K2HPO4, Panreac).The homogenate was centrifuged at 
825xg for 5 min at 4ºC, and the supernatant was centrifuged at 13200xg 
for 20 min at 4ºC in order to obtain the supernatant corresponding to 
the post-mitochondrial fraction. Levels of protein, EROD, BFCOD, and 
UDPGT enzymatic activities were measured in this post-mitochondrial 
fraction.

Hepatic CYP1A-mediated EROD activity was determined at 30˚C 
as described by Burke and Mayer [25] using 7-ethoxyresorufin as 
substrate. The reaction was stopped by adding 400 μL of acetonitrile 

and after centrifugation at low speed [12].  The 7-hydroxyresorufin 
fluorescence was determined using a Gemini XPS SpectraMax Plus 
microplate reader (Molecular Devices Corporation) at 537/583 
nm excitation/emission wavelengths [26]. EROD blanks included 
microsomal samples plus acetonitrile to simulate the baseline noise.

Hepatic CYP3A-mediated BFCOD activity was analyzed according 
to the procedure described by [12] were 7-benzyloxy-4-trifluoromethyl-
coumarin (BFC) is used as substrate. The fluorescence was read in a 
96-multiwell plate at the excitation/emission wavelength pairs of 409 
and 530 nm. Quantification was made using a calibration curve of the 
7-hydroxy-4-trifluofluoromethyl-coumarin authentic standard, and 
several blanks containing the tested substance were done to remove 
possible fluorescence emitted by the pesticide.

UDPGT activity was measured according to the method of Clarke et 
al. [27] with p-nitrophenol (pNP) as substrate. The pNP was measured 
spectrophotometrically at 405 nm.

Protein content was measured in the post-mitochondrial fraction 
by the method of Bradford using bovine serum albumin (Sigma-
Aldrich) as standard [28]. In all cases, reproducibility was based on the 
relative standard deviation of triplicate samples.

Statistical analysis

Data were analyzed with one-way analysis of variance (ANOVA) 
using SPSS for Windows (version 13, SPSS Inc., Chicago, IL). In cases 
of significant differences, the ANOVA was followed by the LSD (Least 
Significant Difference) post-hoc test. Significance limit was set at p< 
0.05.Data was expressed as mean ± S.D.

Results
Figures 1-3 show the EROD, BFCOD and UDPGT activities, 

respectively in carp’s liver during the whole experiment. For graphical 
representation, those enzymatic activities were converted in percentage 
of inhibition/induction with respect to enzymatic levels determined in 
control fish, which were assigned at 100%.

Liver EROD activity was significantly decreased after 4 and 15 days 
of exposure to all the carbofuran concentrations (10, 50 and 100μg/L) 

Figure 1: Evolution of liver EROD activity in juvenile common carp exposed to 
different concentrations of carbofuran for 4, 15, and 30 days. Data represent 
the mean ± SE (n=7). Note: *indicates significant difference between control 
and pesticide group (p<0,05).
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compared to controls. However, this significant decrease was only 
recorded after 30 days of exposure to 50 and 100 μg/L (Figure 1).

The evolution of BFCOD activity during exposition to carbofuran 
showed the existence of an inhibitory effect. Almost all exposed groups 
presented a significant inhibitory effect on BFCOD activity (p-value 
<0.05), except for those animals exposed to 100 μg/L during 15 days 
(Figure 2).

Effects of carbofuran exposure on the UDPGT activity in liver 
tissues of common carp are presented in Figure 3. Low induction 
of UDPGT activity was recorded after 4 days of treatment and this 
induction was only significant in the exposure to a concentration of 100 
μg/L. This induction of the activity is clearly observed after 15 days of 
treatment, being statistically significant for the concentrations of 50 and 
100 μg/L. After 30 days of treatment, the induction of UDPGT activity 
remained in the fish exposed to 10 and 50 μg/L, being significant only 
for the second concentration.

Discussion
The liver is primarily responsible for the metabolism of toxic 

substances, including carbofuran. In particular the liver is the major 
site of CYP expression in teleost fish. Therefore, the knowledge of the 
effect of carbofuran on liver-detoxifying enzymes is very important. 
In the present study, we investigated the changes in EROD, BFCOD 
and UDPGT activities in the liver of common carp exposed to different 
concentrations of carbofuran.

In the present study, exposure to carbofuran caused decrease in 
EROD activity when compared to controls. The decrease of CYP1A 
catalytic activity might be due to the inhibition of its mRNA expression 
by carbofuran [29]. Many xenobiotic compounds, such as heavy 
metals at high concentrations, have shown effects of inhibition and/
or decrease of liver microsomal cytochromes P4501A (CYP1A) 
activity in fish [30]. Inhibition of CYP1A activity by carbofuran is 
quite well investigated. The inhibition was explained by competitive 
inhibition at the substrate-binding site [31].  Liver EROD activity 
decrease may be due to increased reactive metabolites of carbofuran 
in the cytosol. It must also be considered that CYP1A catalytic activity 
varies between different xenobiotics, and other variables such as 
species, sex, reproductive stage, compound, route of exposure, time 
of exposure, mixed exposure and/or dose may influence the observed 
effects [32]. Exposure of salmonid species to pesticides, for example 
the organophosphate chlorpyrifos, produced a CYP1A protein level 
suppression of 30% with respect to control fish [33]. Nevertheless, in 
general all studies related to CYP1A enzymatic activity in fish exposed 
to xenobiotics have shown induction-processes, for example towards 
polybrominated diphenyl ethers (PBDEs) in livers of Carassius auratus 
[34], the fungicides propiconazole and ketoconazole in brown trout 
and Atlantic cod [35], β-naphthoflavone, dioxins and benzo[a]pyrene 
in rainbow trout and carps [36,37] or paraquat in Nile tilapia [38]. 

BFCOD activity is used as a marker of CYP3A in humans [39] and 
pigs [40]. In fish, BFCOD is believed to be the specific substrate for 
CYP3A [41]. Our study showed that BFCOD activity was inhibited 
by carbofuran (Figure 2). This is in agreement with the results from 
in vitro inhibition studies using liver microsomes from Atlantic cod, 
where inhibition of BFCOD activity by ketoconazole was observed 
[35]. Also, Burkina et al. [42] reported inhibition in BFCOD activity in 
hepatic microsomes of rainbow trout after exposure to clotrimazole in 
a concentration range of 1-100 μM. Similarly, exposure to ketoconazole 
resulted in an inhibition of BFCOD activity in the Atlantic salmon [43]. 
In contrast, dioxins and polycyclic aromatic hydrocarbons strongly 
induced BFCOD activity (up to 30-fold) in a time- and concentration-
dependent manner, both in vitro in all cell lines and in vivo in 
zebrafish embryos [44]. In a previous study fish exposure to carbofuran 
demonstrated no response of BFCOD [12]. The conflicting results from 
exposure between fish species and xenobiotics [12,36] suggest the need 
for further studies.

UDPGT is one of the key enzymes indicative of exogenous 
substances present in the liver microsomes. The main function of 
UDPGT is to catalyze exogenous substances and metabolites using 
glucuronic acid or glutathione binding reactions, accelerating their 
excretion for detoxification [45]. Our results showed that UDPGT 
activity in liver of fish have been shown to be induced by carbofuran 
exposure which is in accordance with other authors [46]. UDPGT has 
been found to be induced by 3-methylcholanthrene in immune organs 
of carp (Cyprinus carpio) [47]. However, a carbofuran dose of 100 
µl/L resulted in a marked inhibition of UDPGT activity in carp [12]. 
Changes in the expression of UDPGT activity due to environmental or 

Figure 2: Evolution of liver BFCOD activity in juvenile common carp 
exposed to different concentrations of carbofuran for 4, 15, and 30 days. 
Data represent the mean ± SE (n=7). Note: *indicates significant difference 
between control and pesticide group (p<0,05).

Figure 3: Evolution of liver UDPGT activity in juvenile common carp 
exposed to different concentrations of carbofuran for 4, 15, and 30 days. 
Data represent the mean ± SE (n=7). Note: *indicates significant difference 
between control a
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physiological factors have been partially studied in fish. Parameters such 
as water temperature, salinity level, feed availability and composition, 
have been analyzed to determine their possible implications on UDPGT 
activity in fish [15]. 

Conclusion
In the present study, the activities of three enzymes, EROD, BFCOD 

and UDPGT, were investigated in liver of Cyprinus carpio under 
varying concentrations of carbofuran and time of exposure. This study 
shows that the considered biomarkers might be good biomonitoring 
tools for assessment of the hazardous effects of pesticides on fish. 
EROD and BFCOD inhibition in livers appears as an early process in 
response to sublethal concentrations of carbofuran exposure. With 
regards to UDPGT activity, significant effects were observed later in 
animals exposed to carbofuran. The experimental data obtained with 
carps, under controlled laboratory conditions can be considered 
as a useful reference for comparisons with biomarkers response of 
organisms living in polluted environments.
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