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The aim of this study was to evaluate the activities of the biotransformation enzymes (Glutatyon S-

Transferase (GST) and cytochrome P450 (CYP1A1)) and metabolic enzyme (Lactate 

dehydrogenase-LDH) in the liver of rainbow trout (Oncorhynchus mykiss) after 24 and 48 hour 

exposure to 0.5, 1.0 and, 2.0 mg l-1 of Congo red (CR). Enzyme activities were determined by using 

commercial kits with ELISA method. Congo red altered the activities of GST, CYP1A, and LDH 

enzymes in liver tissue of O. mykiss in a dose-dependent manner. The statistical differences in GST 

activities among the groups for 24 and 48 h were significant, but, LDH activities were significant 

for only 24 h. Exposure duration of CR didn’t affect the biochemical response of rainbow trout. 

Thus, CR exposure changed the biotransformation and metabolic enzymes, and the changes of these 

enzymes activities may be used as a potential bioindicator of the CR exposure. 
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Introduction 

The environment is continuously loaded with 

chemicals released by industries (Van Der Oost et al., 

2003). Synthetic dyes such as azo dyes are generally used 

in the different industries like food, textile, cosmetic, 

plastic, and pharmaceutical industries. A major part of 

these synthetic dyes have been shown to have the toxic 

effects for flora and fauna in the environment (Kagalkar et 

al., 2010; Lin et al., 2011). Quite a change of commercial 

dyes and pigments exists, and, annually exeeder amounts 

of 7×105 tons are produced in the world-around. However, 

between 10 and 15% of these amounts are released as waste 

maters during the dyeing processes (Gomez et al., 2007). 

Dye concentrations lower than 1.0 ppm may induce visible 

coloration and hence public complaints (Metivier-Pignon 

et al., 2007). Important biochemical responses occur after 

the organisms living in the aquatic environments have been 

exposed to different environmental organic/inorganic 

contaminants (Booth et al., 1988). 

Biomarkers are some parameters measuring behavior, 

physiology, biochemistry, of organisms in response to 

pollution (Bottcher and Schroll, 2007; Dosnon-Olette et 

al., 2010). Metabolic and detoxification enzymes play an 

important role in maintaining cell homeostasis and their 

induction shows a specific response to pollutants. Thus, 

these responces were indicated as biochemical biomarkers 

of pollutant-based oxidative stress in several organisms 

living in aquatic environments (Regoli et al., 1998). 

The biotranformation system can be categorized in to 

phase I and phase II enzymes, which protect cells against 

the deleterious effects of xenobiotics (Kaur and Kaur, 

2015). The cytochrome (CYP) enzymes mediate phase I 

biotransformations, primarily acting as a monooxygenase, 

where an oxygen atom is incorporated into substrates. 

These reactions usually convert hydrophobic xenobiotics 

into polar forms, making them more water soluble and 

thus, more readily eliminated (Brown and Reisfeld, 2008). 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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Many studies have suggested CYP1A mRNA level and 

CYP-dependent enzymatic activity in fish liver in response 

to the presence of pollutants in the aquatic environment 

(Moore et al., 2003; Binelli et al., 2006; Santos and 

Martincez, 2012). 

Glutatyon S-Transferase is a phase II family, 

detoxifying enzymes with a determinant function in the 

biotransformation processes (Thom et al., 2001) by 

catalyzing the conjugation of different electrophilic 

compounds with glutathione; the resulting conjugates 

being more water soluble and easily can be able to extract 

(Cheung et al., 2001). It has been reported that an 

increasing in the GST activity of liver in various fish 

species, results from exposure to PCBs, PAHs, OCPs, 

metals, and pesticides (Lopes et al., 1999). 

Lactate dehydrogenase (LDH) is a cytoplasmatic 

enzyme present in especially all major organ systems. The 

extracellular LDH appearance is used to detect cell damage 

or cell death (Glick, 1969; Moss and Henderson, 1986; Lott 

and Nemensanszky, 1987). 

Azo dyes compounds characterized by the presence of 

one or more azo groups (―N═N―) constitute the most 

class of dyes in the textile industry and have a serious 

environmental impact (Demirci and Hamamcı, 2013). The 

immediate toxic impact of dyes and degraded products on 

different aquatic organisms being has been demonstrated 

(Copaciu et al., 2013). 

The aims of the present study were to measure 

detoxification enzymes (GST and CYP1A1) and a 

metabolic enzyme (LDH) in liver of rainbow trout (O. 

mykiss) exposing to CR and determine the biochemical 

response of CR in rainbow trout liver simultaneously. 

 

Materials and Methods 

 

Experimental Model Animal  

Rainbow trout, weighing 139.0±25.0 g (mean±SE), 

were obtained from a local commercial fish farm (Tunceli, 

Turkey). They were held in a fish tank (2.0×2.0×1.0 m). 

The temperature and photoperiod were 18.0±0.5°C and 

12:12 light-dark cycle, respectively. For 2 days before the 

experiment, fish were acclimatized. 

 

Experimental Design 

Congo Red (CR, product code C6277) was purchased 

from Sigma-aldrich. Experiment was performed in four 

aquariums (90.0 l), each stocked with 10 fish, i.e. three 

aquariums with 0.5 mg l-1 (Group A), 1.0 mg l-1 (Group B), 

and 2.0 mg l-1 (Group C) of CR and one control aquarium 

with no containing CR. The CR concentrations in exposure 

tank spectrofotometrically confirmed. In 24 h, half of the 

experimental fish was sampled and other half in 48 h. 

However, 5 fish were sampled in the beginning of the 

experiment for 0 h. 

 

Biochemical Analysis in Model Animal 

Fish were anaesthetized to deep sedation with 0.7 g l-1 

benzocaine dissolved in ethyl alcohol (Sardella et al., 2004) 

and anesthesia of fish being observed as deep sedation, loss 

of swimming actions and partial loss of equilibrium (Altun 

and Danabas, 2006), and then, dissected for obtaining of 

liver tissue. The blood in the tissue samples was removed. 

Then, the samples have been weighed and homogenized. 

The homogenized samples have been centrifuged; the 

supernatants were obtained and kept at -70°C until their 

analyses. The animal experiments in this study were 

performed in accordance with the rules in guidelines for 

animal research and health from the National Institute of 

Health. 

Glutatyon S-transferase: The activity of GST was 

determined by using The Cayman Chemical Glutathione S-

Transferase Assay kit for fish (catalog No. GST: 703302). 

This assay measures total GST activity by measuring the 

conjugation of 1-chloro-2.4-dinitrobenzene (CDNB) with 

reduced glutathione.  

Cytochrome P450: The activity of CYP1A1 was 

determined by using the cusabio fish CYP1A1 ELISA kit 

(catalog No: CSB-EL006395FI). This assay employs the 

competitive inhibition enzyme immune assay technique.  

Lactate dehydrogenase activity: The activity of LDH 

was determined by using fish LDH ELISA Kit produced 

by My BioSource Chemical Company (catalog No: LDH: 

MBS-013278). The ELISA analytical biochemical 

technique of the MBS013278 kit is based on LDH 

antibody-LDH antigen interactions (immunosorbency) and 

an HRP colorimetric detection system to detect LDH 

antigen targets in samples.  

 

Statistical Analysis 

Among the all experimental groups, to determine the 

statistical differences in all analysed parameters, One-Way 

ANOVA and the Duncan Multiple Range Test were used 

(P<0.05). 

 

Results 

 

Glutatyon S-Transferase, CYP1A1 and LDH activities 

in liver tissue of O. mykiss exposed to CR textile dye in 

different concentrations was investigated and the results 

are shown in Table 1. 

 

Glutatyon S-Transferase Activities 

In the control group, GST activity decreased, when 

compared with T0 during 24 and 48 h, but this was not 

statistically significant (P>0.05). In the Group A (0.5 mg l-1) 

and B (1.0 mg l-1), there was an increase during 24 and 48 

h when compared to T0, but this increase was statistically 

insignificant (P>0.05). The activity of GST decreased 

slightly in 48 h according to 24 h. Group C (2.0 mg l-1) 

showed the highest increase during 24 h, but there was a 

decrease for 48 h. This statistical difference was significant 

(P<0.05) 

Glutatyon S-Transferase activities were increased in all 

the groups exposed to different doses of dye when 

compared to the control group during 24 and 48 h. The 

GST activities in 48 h were lower than 24 h. The 

differences among the groups for 24 and 48 h were 

statistically found as significant (P<0.05). 

 

Cytochrome P450 Activities 

The CYP1A1 activities were increased in the control 

group during 24 h compared to 0 h, but decreased during 

48 h (P>0.05). The CYP1A1 activity in Group A decreased 

during 24 and 48 h when compared to 0 h (P>0.05). The 

CYP1A1 activity in Groups B and C increased during 24 

and 48 h (P> 0.05).  
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Table 1 Glutathione S-transferase (nmol/min/ml), and Cytochrome P450 1A1 (pg ml-1) and Lactate dehydrogenase (U l-1) 

activities in liver of rainbow trout (O. mykiss) exposed to different doses of CR 

Parameters T0 Groups 
Exposure duration 

T24 T48 

GST 

(nmol/min/ml) 

149.76±6.14q Control 101.88±23.82a
q 77.53±33.51a

q 

149.76±6.14q A(0.5 mg l-1) 188.86±28.12ab
q 170.82±31.45b

q 

149.76±6.14q B(1.0 mg l-1) 198.14±54.03ab
q 177.43±15.78b

q 

149.76±6.14q C(2.0 mg l-1) 27882±16.93b
p 121.27±0.12ab

q 

CYP1A1-P450  

(pg ml-1) 

205.82±38.72q Control 252.10±44.10a
q 198.63±40.34ab

q 

205.82±38.72q A(0.5 mg l-) 160.17±3.17a
q 172.96±37.41a

q 

205.82±38.72q B(1.0 mg l-1) 235.00±15.39a
q 233.69±3.84ab

q 

205.82±38.72q C(2.0 mg l-1) 212.96±28.80a
q 280.86±3.56b

q 

LDH 

(U l-1) 

628.03±112.29q Control 500.18±13.45ab
q 582.94±80.46a

q 

628.03±112.29q A(0.5 mg l-) 718.16±53.16b
q 636.50±22.24a

q 

628.03±112.29q B(1.0 mg l-1) 534.60±40.66ab
q 663.53±66.34a

q 

628.03±112.29q C(2.0 mg l-1) 492.09±109.25a
q 474.02±24.22a

q 
Different letters (a and b) show statistical differences of Duncan multiple range test among control and all applications of groups in same hour for same 

parameter. Different letters (q and p) show statistical differences of Duncan multiple range tests among exposure durations (T0, T24 and T48 hours) in 
same group  

 

When CYP1A1 activity compared to the control group, 

a decrease in the all experimental groups was observed for 

24 h (P>0.05). There was a decrease in the Group A, and 

an increase in the Groups B and C (P<0.05), when 

compared to the control group for 48 h. 

 

Lactate Dehydrogenase Activities 

The LDH activities were reduced when compared to 0 

h during 24 and 48 h in the control group and Group C 

(P>0.05). In Group A, there was an increase during 24 and 

48 h compared to 0 h (P>0.05). A decrease in the Group B 

was observed during 24 h, although an increase was 

observed for 48 h compared to 0 h (P>0.05). 

The LDH activities were increased in Groups A and B, 

but decreased in Group C (P<0.05) compared to the control 

group during 24 and 48 h. The differences among the 

experimental groups were statistically significant for only 

24 h (P<0.05).  

 

Discussion 

 

The discharge of waste matters into the aquatic 

environments including the dye-containing effluents is 

undesirable, because of not only their colours, but also 

numerous of these dyes released some breakdown 

products. They have some harmful effects (e.g.; 

carcinogenic, toxic or mutagenic, etc.) to the aquatic 

organisms (Suteu et al., 2009; Zaharia et al., 2009) 

depending on the dose and exposure duration (Yusuff and 

Sonibare, 2004). Without advisable treatment process, if 

these dyes were leave din to the aquatic environments, they 

can remain in there for long times (Hao et al., 2000). 

As the experimental species, the rainbow trout (O. 

mykiss), one of the most important fish models in the 

aquatic toxicology researches and of commercially 

important in our country, was exposed to CR as dye-kinds 

to determine its acute effects on biochemical and 

physiological responses of fish in the present research. This 

was done by analysing detoxification enzymes (GST and 

CYP1A1) and a metabolic enzyme (LDH) in liver tissue. 

Glutathione S-transferases (GSTs) are a large family of 

enzymes catalyse the conjugation of (reduced) glutathione 

to a range of endogenous and xenobiotic substrates. One of 

their important roles is their contribution to phase II in 

biotransformation of exogenous compounds; typically, 

conjugation to glutathione makes them more soluble, 

simplifying their elimination from the organisms (Hajime 

et al., 2005). The GST activities in Xenopus laevis tadpoles 

were clearly increased after a 24 h exposure to Astrazon 

Red FBL, Remazol Red RR, and Remazol Turquoise Blue 

G-A compared to control (Güngördü et al., 2013). Similar 

GST induction were determined in hepatopancreas tissue 

of crayfish (Astacus leptodactylus) exposed to some ones 

of untreated textile wastewaters (Aksu et al., 2015). In a 

dose dependent manner, increasing of GST activities over 

control was determined in kidney, gills and brain of Labeo 

rohita, while a decreasing was noticed in the liver and 

muscle tissues, after 96 h exposurance to acid black dye 

(Kaur and Kaur, 2015). Sun et al. (2006; 2007) found that 

GST inductions in goldfish (Carassius auratus) that were 

exposed to HC Orange No. 1 dye. An increase in the 

activities of GST, in fish induced by azo dye, has been 

observed by Peng et al. (2010) and Yin et al. (2007). Aksu 

et al. (2017) determined the effects of two different textile 

dyes (Remazol Brillant Blue R (RBBR) and CR) on the 

enzymatic activities of GST, CYP1A1 and LDH, in the 

hepatopancreas tissue of crayfish, A. leptodactylus. They 

stated that GST and LDH activities increased and the 

CYP1A1 activities decreased after the exposurance to the 

CR; and suggested that these detoxification and metabolic 

enzymes were useful markers for further evaluating the 

physiological effects of CR and RBBR on crayfish, densely 

and continuously exposure the stress effects. In present 

study, the activities of GST increased in all the groups 

exposed to different doses of dye when compared to the 

control group during 24 h and 48 h. (P<0.05). The 

increased activities of GST support that GST enzyme 

would play an important role in detoxification of CR in O. 

mykiss. The increased GST activities were probably a 

metabolic adaptation to the exposure to CR and were 

defence against oxidative damage. 
In fish, many xenobiotics act as CYP1A inducers, and 

CYP1A has been affirmed as a biomarker for the 
evaluation of pollution in the aquatic environments and 
organisms. Additionally, increment of CYP1A is closely 
related to detrimental effects such as apoptosis and 
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embryonic mortality in exposed fish (Dong et al., 2009). 
Thus, the interaction of environmental contaminants with 
CYP1A1 enzyme is likely to have an important toxicological 
relevance in fish. Environmental contaminants can induce 
CYP1A1 and the induction response can be monitored by 
measuring the change in the CYP1A1 activities (Cousinou 
et al., 2000; Rees and Li, 2004). In present study, an increase 
was observed in the Groups B (1.0 mg l-1) and C (2.0 mg l-

1), when compared to the control group during 24 h and 48 
h. An increase in CYP1A1 activity clearly indicates that the 
CR dye induced ROS generation in the tested fish model 
which was in turn responsible for an increase in the enzyme 
level of fish liver tissue. 

Lactic dehydrogenase is a hydrogen transferring enzyme 
that catalyses the oxidation of L-lactate to pyruvate with the 
mediation of NAD+ as hydrogen acceptor (Kurutaş et al., 
2006). In this study, LDH activities were increased in 
Groups A and B, when compared to control during 24 and 
48 h. After exposurance to the CR, the increased LDH 
activity in the fish tissues observed in the present study, may 
show the increased rate of conversion of lactate to pyruvate 
and then to glucose. This result is in agreement with those 
suggested for other aquatic species exposed to azo dye 
(Güngördü et al., 2013). The liver glycogen of fish was 
decreased, when they exposed to different xenobiotics. The 
an attenuation in the glycogen stores may possibly due to 
that the hepatic synthesis of detoxifying enzymes requires 
high energy levels (Begum and Vijayaraghavan, 1995; Hori 
et al., 2006). Some fish exposed to dyes, show an enhancing 
in the opercular rate, which reflects high oxygen demand. 
This may be a causative factor to induce the anaerobic 
oxidation to release energy by enhancing of the activities of 
LDH (Nassr-Allah and Abdel-Hameid, 2007). 

The tested dye affected the biomarker enzymes of 
aquatic organism (O. mykiss) in different levels and 
concentrations. The alteration of GST, CYP1A1, and LDH 
activity uncovered metabolic changes after CR exposure 
and CR could be metabolized, which can cause a high level 
of oxidative stress. The possible toxicity mechanism of 
rainbow trout can be explained with related oxidative stress 
mechanism, in which tested dye were transformed by GST 
and oxidative stress injury to the aerobic respiration. 

 

Conclusion 

 
The present study indicates important biochemical 

effects of CR in rainbow trout liver, suggests that exposure 
to CR may cause marked changes in fish. The experimental 
results demonstrated that the CYP1A1, GST and LDH can 
be used as biomarkers in evaluating the impact of CR 
exposure on the O. mykiss could be used as a useful tool in 
the research of the toxicology of CR. Detoxification 
enzymes (GST and CYP1A1) and a metabolic enzyme 
(LDH) could provide some different useful parameters for 
evaluating the physiological effects of azo dyes like CR in 
the rainbow trout, but a more detailed laboratory study will 
be carried out before these findings are applied to monitor 
the residual CR in aquatic organisms and environment. 
However, it is well known that acute toxicity in fish is 
unlikely to occur at the lower measured environmental 
concentrations; therefore, more long-term experiments at 
lower CR concentrations are needed to validate these 
parameters as biomarkers in large-scale environmental 
monitoring programmes. 
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