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ABSTRACT 
 

In this study, Channa punctatus was treated with sub-lethal concentration of cypermethrin (6.6 µg/L) for 5, 10 and 
15 days and its effect on total CYP 450 and the activity of hepatic CYP450 isoforms measured. Total CYP450 
content and CYP1A mediated EROD activity was significantly induced (p<0.05) in all three treated groups 
compared to control whereas only 15 days treated group showed significant induction in CYP2B mediated  N,N-
dimethylaniline demethylase activity. CYP2E1 mediated aniline hydroxylase activity showed only a marginal 
increase while there was inhibition of CYP3A4 mediated erythromycin demethylase activity. Liver somatic index 
(LSI) also showed a marginal increase in all the treated groups. Results showed differential induction of CYP1A, 
CYP2B, CYP2E1 and inhibition of CYP3A4 isoform due to cypermethrin treatment in C. punctatus. The study 
clearly showed CYP1A isoform as the most responsive and important biomarker for monitoring the aquatic 
pollution.  
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INTRODUCTION 
 
Pesticide usage is a critical concern which may 
have an adverse effect on the delicate ecosystem 
because of their toxicity, persistency and tendency 
to concentrate in organisms as they move up in the 
food chain, increase their toxicity to fish, birds 
and other wildlife and, in turn to man. While the 
pesticides are instrumental in achieving significant 
increase in crop productivity, they also cause 
serious ecological hazards to the non-target 
animals especially the fish, which forms an 
important part of food chain for various animals 
including human beings (Sharma and Ansari 
2011). 
Synthetic pyrethroids have been introduced over 
the past two decades for agricultural and domestic 
use as replacements for more toxic pesticides, 

such as chlorinated hydrocarbons, 
organophosphates and carbamates. Cypermethrin 
is a type of cyanophenoxybenzyl pyrethroid and is 
categorized as restricted use pesticide by US EPA 
because of its high toxicity to fish (Saha and 
Kaviraj 2009).  
Fish, as a bioindicator species, plays an 
increasingly important role in the monitoring of 
water pollution because it responds with great 
sensitivity to the changes in the aquatic 
environment. Biochemical markers are 
measurable responses to the exposure of an 
organism to xenobiotics. Regarding biochemical 
responses in fish to aquatic pollutants, cytochrome 
P450 (CYP 450) is known to play a major role in 
the oxidative metabolism/biotransformation of a 
wide range of both endogenous and exogenous 
compounds and is considered one of the most 
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important phase I biotransformation enzymes 
(Siroka and Drastichova 2004). The families 
responsible for the metabolism of xenobiotics are 
CYP1 to CYP3, and to a much lesser extent 
CYP4, whereas cytochrome P450 enzymes 
belonging to other families are concerned with the 
metabolism of endogenous substrates (Ioannides 
and Lewis 2004). 
CYP 450 is very sensitive to a wide range of 
xenobiotics and is usually the first detectable and 
quantifiable response to environmental change, 
including a change in the chemical environment. 
Understanding of toxicological mechanisms have 
provided an advancement in biological tools for 
environmental assessments and CYP 450 family is 
widely studied as a biomarker for environmental 
contamination in aquatic ecosystems. These tools, 
called biomarkers, are biological responses at 
molecular, cellular, or organism levels and have 
accordingly been classified as biomarkers of 
exposure, effect, and susceptibility (Moore et al. 
2004). 
The effects of cypermethrin on commercially 
important Indian species of fish are poorly 
documented. The objective of the present study 
was to evaluate if activities of hepatic cytochrome 
P450 could be evaluated as potential biomarkers 
of cypermethrin toxicity to fish.  
 
 

MATERIALS AND METHODS 
 

Fish 
Specimens of Channa punctatus were collected 
from the local fish market. Fish were acclimatized 
in the laboratory for a period of two weeks. After 
that, healthy fish (male and female) weighing 
approximately 35± 5 g were transferred to glass 
aquarium with 50 L capacity in controlled light 
(12 hr light/12 hr dark) and aeration conditions. 
They were fed regularly with small pieces of 
chopped fish at fixed rate during the course of the 
experiment.  
 

Experimental design 
Fish were randomly taken in six groups (eight fish 
in each aquarium) each of control and treated. A 
sub-lethal concentration of 6.6 µg/L cypermethrin 
based on acute toxicity data (not published) 
generated from the laboratory experiments was 
used to treat the experimental fish. The water was 
renewed every 48 h with fresh pesticide for the 
treated groups as cypermethrin has been reported 

to be inactive after 72 h (Saha and Kaviraj 2008) 
and only water for the control group. 
Homogeneity was maintained in all the groups by 
providing similar experimental conditions. At the 
end of the experiment, livers were excised, 
weighed and the liver somatic index (LSI) was 
determined as percentage ratio of liver weight to 
body weight. The liver somatic index was 
calculated by using the formula: LSI = (liver 
weight/total live weight) X 100. As the liver 
samples were too small to be processed 
individually for enzyme activity, they were pooled 
(eight fish livers each) before homogenization. 
 
Microsome isolation 
Microsomes were isolated using the procedure 
described by Chang and Waxman (1998). Livers 
were perfused with a large volume of ice cold 
perfusion buffer (1.15% KCl, 1mM EDTA, pH 
7.4) to get rid of unwanted tissues, fat bodies and 
blood and homogenized in four volumes of 
homogenization buffer (1.15% KCl, 1 mM EDTA 
and 0.05 M Tris, pH 7.4) using a teflon 
homogenizer. The homogenate was centrifuged in 
a cooling centrifuge at 12000 g for 20 min. The 
supernatant was subjected to centrifugation at 
100000 g for 60 min at 4ºC in a super speed 
vacuum centrifuge. The resultant pellet were 
resuspended in two volumes of resuspension 
buffer containing 0.05 M Tris, 1mM EDTA and 
20% Glycerol v/v, pH 7.4 as the hepatic 
microsomal fraction. 
 

Enzyme assay 
Sectral analysis of CYP 450 was based on the 
mepthod described by Omura and Sato (1964). 
Protein in the microsomal fraction was estimated 
as described by Lowry et al. (1951) using bovine 
serum albumin as standard. Ethoxyresorufin O-
deethylase (EROD) activity in the liver 
microsome samples was determined 
spectrophotometrically by the method of Klotz et 
al. (1984).  
NNDMA activity was determined by the method 
of Schenkman et al. (1967) with minor 
modifications to detect CYP2B activity. Reaction 
mixture consisted of 100 mM N, N-
dimethylaniline, 150 mM MgCl2, 100 mM 
semicarbazide and microsomes 1.5-2.0 mg. The 
mixture was pre-incubated for 5 min at 32ºC and 
the reaction started by adding 10mM NADPH. 
Following aerobic incubation for another 30 min 
the reaction was terminated by  
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adding 0.5 mL each of 25% zinc sulfate and 
saturated barium hydroxide. Formaldehyde 
formed during the assay was measured by the 
method of Nash (1953) at 412 nm. 
Aniline hydroxylase activity (CYP2E1) was 
determined by measuring the amount of p-
aminophenol formed at 630 nm. The method was 
modified from Imai et al. (1966) by using aniline 
(10 mM) as substrate and NADPH (10 mM) 
instead of an NADPH generating system. In 
addition, the incubation mixture consisted 100 
mM MgCl2, 120 mM tris (pH 7.4) and 1.5-2.0 mg 
microsomal protein. After pre-incubation for 5 
min at 32ºC, the reaction was initiated by the 
addition of NADPH and incubated for 30 min. 
Erythromycin demethylase (CYP3A4) activity 
was measured following the method of 
Werringloer (1978) at 412 nm. The reaction was 
incubated at 32ºC for 10 min. Formaldehyde 
formed as the end product was measured by the 
method of Nash (1953) at 412 nm. All the assays 
were done in duplicate.  
 

Statistical analysis 
Data were expressed as mean ± standard deviation 
and were analyzed using one-way analysis of 
variance (ANOVA) followed by Dunnet’s test. 
The statistical significance was tested at 5% 
levels.  
 
 

RESULTS  
 

Total CYP 450 was significantly induced in all the 
three treated groups (5, 10 and 15 days) with 
higher induction seen in the groups with 
increasing number of days when compared to 
control (Table 1). The carbon monoxide 
difference spectra of dithionite reduced liver 
microsomes of C. punctatus were studied at 1 min 
interval over a period of 5 min (Fig. 1). The 
maximum absorbance was observed at 1 and 2 
min and then gradual decrease in absorbance was 
seen with increase in time interval.  
The LSI values were higher in all the treated 
groups (Table 1). EROD (CYP1A) activity was 
significantly induced in all the three treated 
groups with highest induction shown by the 15 
days treated group as expected. The activity 
increased with the exposure time (Fig. 2). 
Five and 10 days treated groups showed no 
significant increase in N, N-dimethylaniline (N, 
N-DMA) demethylase (CYP2B) activity. The 
activity was significantly induced only in the 15 
days treated group when compared to the control 
(Fig. 3). 
No significant increase in aniline hydroxylase 
(CYP2E1) activity was observed in 15 days 
treated group whereas 5 and 10 days treated 
groups showed no induction (Fig. 4).  

Table 1 - Total CYP 450 content and liver somatic index (LSI) of Channa punctatus.  
Parameter control 5 days 10 days 15 days F-value p-value 
Total CYP450 content (nmol/mg 
protein) 

0.276±0.089 0.359±0.020* 0.382±0.042* 0.425 ±.053* 6.190 0.003 

Liver Somatic Index [LSI %] 0.914±0.113 0.985±0.096 1.009±0.120 1.042±.109 1.924 0.155 

values are  Mean ± SD (n=6). * significantly different from control  
 
 

 
 

Figure 1 - Carbon monoxide difference spectra of dithionite reduced liver microsomes of Channa 
punctatus at 1 min interval over a period of 5 min. 
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Figure 2 - CYP1A mediated EROD activity in liver of 
Channa punctatus. * indicates significant 
difference from control (p<0.05). 

 
 

 
 

Figure 3 - CYP2B mediated N, N-dimethylaniline 
demethylase (N, N-DMA) activity in liver 
of Channa punctatus. *indicates 
significant difference from control 
(p<0.05). 

 
 

 
 

Figure 4 - CYP2E1 mediated aniline hydroxylase (AH) 
activity in liver of Channa punctatus. 

All the three treated groups showed an inhibition 
in Erythromycin demethylase (CYP3A4) activity 
(Fig. 5). But only 10 and 15 days treated groups 
resulted in significant difference with respect to 
the control. The percentage of inhibition is shown 
in parenthesis. 
 

 
 

Figure 5 - CYP3A4 mediated erythromycin demethylase 
(ERND) activity in liver of Channa 
punctatus. *indicates significant difference 
from control (p<0.05). 

 

 
DISCUSSION 
 

Hepatic CYP 450 expression of fish can be 
induced by exposure to xenobiotics because 
specific CYP1A expression is highest in this 
organ. Most lipophilic chemicals, including drugs, 
pesticides, carcinogens, environmental pollutants 
and naturally occurring compounds undergo 
enzyme-mediated oxidative, hydrolytic or 
conjugative biotransformation in liver and in extra 
hepatic tissues, yielding more polar metabolites 
that can be easily excreted. Thus, metabolism 
plays a critical role in determining both the 
efficacy and the residence time of drugs in the 
body as well as in modulating the response to toxic 
chemicals (Akdogan and Sen 2010). 
Two soret peaks were seen in the dithionite 
reduced spectra of liver microsomes (Fig. 1). 
These peaks consisted of the characteristic 
absorbance at 450 nm for the reduced CYP 450-
CO complex and the other of lesser magnitude at 
around 420-425 nm, which could be possibly due 
to the absorbance of contaminating hemoglobin 
since tissues could not be adequately perfused 
(Klemz et al. 2010). 
Liver somatic index (LSI) has frequently been 
used as a biomarker for examining fish exposed to 
contaminants. LSI values are generally elevated in 
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the vertebrates experiencing induction of hepatic 
microsomal P450 for the detoxification of organic 
compounds and LSI is generally used to determine 
the physiological status of the fish (Shailaja et al. 
2006). Increase in LSI is commonly seen in fish 
exposed for long periods of time to organic 
contaminants in the laboratory and field. The 
increase in LSI can be due to hyperplasia 
(increased cell number) and/or hypertrophy 
(increased cell size). It may be associated with 
increased capacity to metabolize xenobiotics so it 
could be considered as adaption to the presence of 
pollution rather than a dysfunction (Heath 1995). 
Enzyme activity increases with increase in 
exposure period to the xenobiotics as it brings 
about the physiological differences within the 
organism (Arellano-Aguilar et al. 2009). Each 
isoform of the cytochrome P450 participates in the 
metabolism of many different compounds, but one 
substrate can also be metabolized by several 
different isoforms (Siroka and Drastichova 2004). 
CYP1A subfamily is the most studied CYP 450 
isoform and is responsible for a wide range of 
xenobiotic biotransformation whose catalytic 
activity is expressed as activity of EROD. In this 
study, the EROD activity was induced in all the 
treated groups, probably due to EROD`s higher 
detection sensitivity. Well-established inducers of 
CYP1A and EROD are organic contaminants 
belonging to PCBs, PAHs, PCDDs and PCDFs. 
However, induction by pesticide compounds has 
also been reported (Haluzova et al. 2011). 
Bhutia et al. (2010) reported the absence of 
CYP2B in fish, H. fossilis as it did not respond to 
the mammalian specific CYP2B inducer, 
Phenobarbital. However, Stegeman et al. (1997) 
reported the presence of CYP2B like activities in 
four tropical fish species using catalytic activity 
assay and detection of the CYP2B protein by an 
immunoblot assay. Similarly, Bhutia et al. (2013) 
also reported the induction of CYP2B like 
activities in fish, H. fossilis after exposure to 
pesticide, cypermethrin. It is likely that some 
P450s differ in their functions among the 
mammals and fish and follow different 
mechanisms of induction. In consequence, 
whenever P450 enzymes are used as biomarkers in 
monitoring programs, one should be cautious with 
metabolic differences, even among fish species. 
CYP2E1 mediated p-hydroxylation has been 
shown to be a possible pathway for the 
metabolism of xenobiotics in the liver of fish 
species. This activity can be detected by studying 

in vitro transformation of toxic aniline to nontoxic 
derivative p-aminophenol (Zen and Korkmaz 
2009). Although, CYP2E1 is responsible for the 
metabolism and potential bioactivation of a number 
of low-molecular-weight pharmaceutical and other 
xenobiotic compounds, including acetaminophen, 
ethanol, isoniazid, halogenated anesthetics, 
acetone, and benzene (Omiecinski et al. 1999), a 
study by Bhutia et al. (2013) has reported its role in 
metabolism of pesticide with long-term exposure. 
This study showed the inhibition of CYP3A4 
activity which was somewhat surprising given that 
CYP3A is one of the most abundant P450 isoform 
in fish liver possessing a broad range of substrate 
specificity (Hegelund and Celander 2003) and 
accounts for the metabolism of almost 50% of the 
currently used pharmaceutical agents (Parkinson 
1996). This could also be the reason for high 
toxicity of pyrethroid insecticide in fish species as 
CYP3A4 was reported to be induced in Labeo 
rohita (Rai et al. 2010) and channel catfish 
(Stuchal et al. 2006) after exposure to 
chlorpyriphos and methoxychlor. 
The present study clearly demonstrated the 
usefulness of CYP 450 as an important biomarker 
for monitoring the aquatic pollution. Of all the 
CYP 450 isoforms (CYP1A, CYP2B, CYP2E1 
and CYP3A4), CYP1A was the most sensitive 
isoform towards cypermethrin toxicity and in 
accordance to various other studies as one of the 
most established biomarker of CYP 450 family.  
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