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INTRODUCTION 
 
A majority of the water pollution caused by organic pollution occurs. Living organisms in the aquatic environment 

environmental waste/chemicals they are exposed to various molecules. These PAHs, PCBs, and dioxins complex containing 

persistent organic chemicals. They show a tendency to accumulate in nature and in vivo, due to the chemical stability and 

lipophilic properties. The organic matter in water can be divided into exogenous organic matter (organic matter accepted by the 

water from the outside world) and endogenous organic matter. Endogenous organisms are derived from organic matter produced 

by biological groups (algae, bacteria, aquatic plants, and large algae) grown in water and organic matter released from water 

sediments [1]. Agricultural activities carried out in all the lakes in the environment having a toxic effect of the main PCB and 

Abstract 
Background: Living organisms in the aquatic environment environmental waste/chemicals they are exposed to various 

molecules. Too much toxic chemical is a very important threat to the health of organisms living in the sea and to the 

consumer of these organisms, Therefore, it is very important to identify the relationship between the pollutant level 

(exposure) and its biological effects before any harmful effects are generated at the higher organization level.  

Objective: This study was carried out to clarify the possible effects of pollution in Beyşehir and Çavuşçu Lakes on the 

activities of CYP450 enzymes that perform detoxification and metabolic activation of environmental toxins, 

environmental agents containing mutagen and carcinogens. We aimed at this study to investigate the effect of toxic and 

carcinogenic organic pollutions of lake carp (Cyprinus Carpio L.,1758) in Beysehır and Cavuscu Lakes. In this way, 

CYP450 enzymes have been used as a biological indicator to determine the presence of organic pollutants. Hepatic 

cytochrome CYP2E1 and CYP3A4 enzyme activities of induction with organic pollutants assets in determining early 

warning signal task, making it the most sensitive biological indicators were be used in fish. In 2014 and 2015 samples of 

carp were brought from the designated localities and their CYP2E1 and CYP3A4 activities were measured with ELISA 

by spectrophotometric method.   

Results: CYP2E1 activity was found as 101,5±9.661, 98,17±1.124 (n=6) pmol/min/mg in Cavuscu and Beysehır lake carp 

samples, respectively. Both ın the lake, the effect of CYP2E1 activity, there was no significant difference however, 

CYP3A4 activity was determined as p=0.0073, and the difference between the two lakes was statistically significant. 

(p<0.05) Fe was found to be higher in liver samples (255,82 mg/kg) in Beyşehir lake than in the Çavuşçu Lake (61,91 

mg/kg). Cd and Co levels are below the detection limit in the examples in Çavuşçu Lake and also Cr levels were 

determined as 0.14 mg/kg and no significant difference was observed between the levels in the samples in Beyşehir Lake. 

Mn levels were measured at similar rates in the samples in Beyşehir and Çavuşçu Lake (1.15 mg/kg, 1.17 mg/kg, 

respectively) 

Conclusion: According to these results, it is thought that pollutants can pass to humans through the consumption of fish 

in the aquatic environment or the food chain. Exposure to organic pollutants including environmental toxicants and 

exposure to these chemicals is thought to increase the likelihood of clinical toxicity and is known to be a carcinogen. 

Besides, it is considered that the concentration of pollutants, aquatic organisms, and human beings are the other 

important issues to be investigated. 
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DDT it was determined that chemical pollutants. The connection between humans and the surrounding aquatic pollutants 

provides especially fish. People's ecosystem of a for pollution in the environment that is part of consuming fish receptors is the 

endpoint. Chemical depending on contamination, most of the biological changes occurring in the organism, one of the important 

enzyme activity differences, are observed [2]. 

 

Too many toxic chemicals are a very important threat to the health of organisms living in the sea and to the consumer of these 

organisms [3][4]. Toxic organic chemicals in the aquatic environment can cause harmful effects on populations. Therefore, it is 

very important to identify the relationship between the pollutant level (exposure) and its biological effects before any harmful 

effects are generated at the higher organization level [5]. 

 

Metallic pollutants measured in living things as an indicator of environmental pollution can often reach high levels, especially in 

seafood. In this way, metal residues such as mercury, cadmium, and lead, which are taken at low levels but continuously with 

nutrients, significantly affect the environment and human health. In the vicinity of Beysehir and Çavuşçu Lake, where the 

research was carried out, parallel to the increase in the population number, agricultural and industrial developments have 

increased. The wastewater of the surrounding fields is mixed. This wastewater can contain heavy metal, cyanide, ammonia, and 

pesticides. These pollutants can accumulate in the fish in the lake and affect the immune system either directly or indirectly. 

 

Because of the high negativity they have on algae surfaces, they have the feature of attracting and storing many heavy metal 

ions. This means in determining and fighting water pollution, and it has made the use of algae important. The pollution of 

surface and groundwater with heavy metals is a serious global concern, environmentally also concerning human health. The 

overabundance of these elements poses severe health risks for humans. Also, for other life forms through bioaccumulation along 

food chains and contamination of heavy metals is a critical threat factor due to their long-term nature, magnetization, and 

bioaccumulation. Fish are considered as one of the most important indicators in aquatic systems for estimating the level of metal 

pollution [6-8]. Cytochrome P450 (CYPs) monooxygenase enzyme systems as drug biotransformation involved in PAH, PCBs, 

and dioxins, such as chemicals, petroleum products, insecticides, and related products metabolize the system [5]. CYPs from 

marine organisms are interesting candidates for recruitment in drug biotransformation, synthesis of therapeutics, bioconversion 

of xenobiotics, degradation of chemical carcinogens, and for use as ecotoxicological tools. So it is important to determine the 

normal CYP level in them to regulate the relationship between marine organisms and the environment. Also, this type of 

research to determine the water quality of the working area provides lots of great amenities [9]. 

 

Certain CYP enzymes as well as detoxification enzymes, are known to be polymorphic in humans, and this polymorphism is 

thought to play a role in carcinogenesis. When exposed to a large dose of xenobiotics, Phase I and/or Phase II, enzymes can be 

induced by the body to detoxify these compounds. Monofunctional inducers affect only one enzyme, phase I, or phase II. [10].  

Enzymes which is responsible for the biotransformation of toxic chemicals and especially the metabolic activation of 

procarcinogens involved in the second group. Some of these enzymes CYP1A1, CYP1A2, CYP1B1, CYP1E1, CYP1A6, 

CYP1A4, CYP2E1, and CYP3A4 [11]. CYP2E1, is a member of the sitokromP450 mixed-function oxidase system, is involved 

in the metabolism of endogenous and exogenous compounds. Some drugs, procarcinogens/carcinogens, industrial chemicals, and 

other exogenous substrates are known as inducers of this enzyme [12]. CY2E1 was first identified in the rabbit and then in rat 

also [13] is mainly found in the liver. CYP2E1 expression is easily inducible and can occur in the presence of a number of its 

substrates, including acetone, isoniazid, benzene, tobacco, ethanol, toluene, and isopropanol. Furthermore, CYP2E1 decreases 

molecular oxygen, resulting in the formation of H2O2 and O2 radicals. Therefore, CYP2E1 has received a great deal of attention 

in recent years because of also plays a role in several important metabolic reactions [14,15]. The CYP3 family in fish includes 

the 3A, 3B, and 3C subfamilies [16]. The CYP3A27 gene has been cloned from rainbow trout and is distributed in the intestinal 

tract and the heart, in addition to the liver and genital gland [17]. CYP3A45, whose sequence differs by 27 amino acids from that 

of CYP3A27, is expressed abundantly in the intestinal ceca of rainbow trout. CYP3A27 catalyzes testosterone and progesterone 

6- beta-hydroxylation, whereas CYP3A45 exhibits testosterone 6beta-hydroxylation activity [18]. The genes encoding 

CYP3A38 and CYP3A40 have been cloned from medaka. CYP3A38 shows testosterone 6beta- and 16beta-hydroxylase activity, 

whereas CYP3A40 catalyzes 2alpha- and 6beta-hydroxylation [19]. 

 

This study was carried out to clarify the possible effects of pollution in Beyşehir and Çavuşçu Lakes on the activities of CYP450 

enzymes that perform detoxification and metabolic activation of environmental toxins, environmental agents containing mutagen 

and carcinogens. We aimed at this study to investigate the effect of toxic and carcinogenic organic pollutions of lake carp 

(Cyprinus Carpio L.,1758) in Beysehir and Cavuscu Lakes. In this way, CYP450 enzymes have been used as a biological 

indicator to determine the presence of organic pollutants. 

 

 

MATERIALS AND METHODS 

 

Chemicals 
The chemicals used in this study are analytical measures and also from commercial sources (Merck) at the highest purity level 

available. ε- ACA (Ɛ-aminocaproic acid), sodium potassium tartrate, acetic acid, acetylacetone, ammonium acetate, Aniline, 
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copper sulfate, EDTA(ethylene diamine tetraacetic acid) erythromycin, glucose 6-PO4, Glucose 6-PO4 dehydrogenase, 

Glycerol, HEPES buffer, HCl, Potassium chloride, Magnesium chloride, NADP+, NADPH, NaOH, perchloric acid, phenol, 

PMSF (phenyl methane sulfonyl chloride), microsomal protein, TCA (trichloroacetic acid), TRIS(Tris hydroxymethyl 

aminomethane), APS( Ammonium persülfate), SDS (sodium dodecyl sulfate), TEMED (N, N, N’, N’- Tetrametiletilen diamine). 

 

Fish Collection 

6 Cyprinus carpio from Cavuscu Lake and 5 Cyprinus carpio from Beysehir Lake were collected in October. Once samples were 

collected, they kept in ice and liver samples were removed and stored at -80 °C until further studies. 

 

Preparation of Fish Liver Microsomes 

The method described by Arınç (1993) was used to prepare fish liver microsomes [20]. All experimental steps were carried out 

on the ice at 0-4 °C. The livers were washed first with cold distilled water and then with a cold 1.15% KCI solution to remove 

excess blood. The resulting tissue fish was homogenized in 50 mM Tris- HCl pH 7.50 containing 7% glycerin, 0.5 mM PMSF, 

0.3 mM ε-ACA, 3mM EDTA pH 7.7 0.15 mM BHT, 0.1% Triton X-100, and at a volume equal to 2.5 times the weight of liver 

tissue using homogenizer. After this process, the homogenate was centrifuged at 13300 x g for 40 minutes to remove nuclei, 

mitochondria, and cell debris. Liver microsomes were precipitated at 45000 rpm (70000xg) for 60 minutes using ultracentrifuge 

(Herous R-16). The microsomal pellet was suspended in 1.15% KCl solution containing ten mM EDTA and was re-dissolved by 

ultracentrifuge for 50 minutes at 45000 rpm (70000xg) and the supernatant portion discarded. The microsomal pellet was 

resuspended in 10% glycerol containing ten mM EDTA pH 7.7 in a volume of 0.5 ml for each gram of liver tissue for carp. 

Microsomes were homogenized and placed in Eppendorf tubes, stored at -80 ° C until activity analysis. 

 

Protein Determination 

Fish protein concentration was detected by using the BCA protein determination kit (Thermo Fisher) using BSA as standards. 

Samples diluted for 100 times, and seven different BSA standards ranging from 0.25 µg to 250 µg were used to obtain a standard 

curve. The resulting purple color intensity was measured at 562nm. 

 

SDS Polyacrylamide Gel Electrophoresis of Fish Microsomal Protein 
The method described by Laemmli (1970) was used to separate microsomal proteins. Proteins separated by polyacrylamide gel 

electrophoresis in the presence of SDS in a discontinuous buffer system using 4% stacking gel and 10% separation gel were 

stained appropriately with blue reagent ready for easy viewing  [21]. 

 

Aniline 4-Hydroxylase Activity 

To determine the aniline 4-hydroxylase activity of fish liver microsomes, the method of Omura and Sato (1962) was used. This 

method is based on the principle of measuring the amount of p-aminophenol (pAP) [22]. The experimental mixture consists of 

0.5 mM NADPH generating system, 100 mM HEPES buffer, 1.5 mg microsomal protein for the liver and 10 mM aniline. Zero 

time blanks were prepared to measure non-enzymatic product formation. The reaction was carried out by shaking in a water bath 

for 25 minutes at 37 ° C. After incubation, the reaction was stopped by adding 20% TCA. Then denatured proteins were 

centrifuged at 13100 rpm (16000 x g) for 25 minutes using microcentrifuge. Finally, p- aminophenol was removed and mixed 

with 0.4 N NaOH solution containing 4% phenol -0.5 ml 20% Na2CO3. The mixture was then incubated at 37 ° C for 30 minutes, 

and the intensity of the blue color formed was measured at 630 nm to form the standard p- aminophenol curve. Enzyme activity 

was calculated with this curve. 

 

Erythromycin N-demethylase Activity 
To determine the erythromycin N-demethylase activity of fish liver microsomes, the method of Gorsky and Hollenberg (1989) 

and the method measured formaldehyde by Nash (1953) as modified Cochin and Axelrod (1959) was used. 0.5 ml of incubation 

mixture contained 100 mM HEPES buffer pH 7.7, 2.5 mM erytromycin,0.75 mg microsomal protein for liver and 0.5 mM 

NADPH generating system in final concentration [23, 24,25]. The reaction was carried out by shaking in a water bath for 20 

minutes at 37 ° C. After incubation, the enzyme reaction was stopped by adding 0.75 N perchloric acid. Then, denatured proteins 

were centrifuged at 13100 rpm (16000 x g) for 25 minutes. Finally, a portion of the supernatant was taken and mixed with 0.370 

ml of Nash reagent, which was freshly prepared. The mixture was incubated at 50 ° C for 10 minutes and the intensity of the 

yellow color formed was measured at 412 nm. A standard formaldehyde calibration curve has been created. Then enzyme 

activity was calculated with the help of the slope of this curve. 

 

Heavy Metal Analysis 

The tissues of fish samples were incubated for 24 hours at 105 ºC. The tissues (each of them weighting 0.2g) taken from the fish 

tissues were taken to separate polypropylene containers. The solubilization process of the taken tissues was carried out in a 

microwave oven (CEM Mars6) after adding 5 ml of 65% HNO3 and 2 ml of distilled water. After the cleared samples had been 

cooled, they were filtered with a 100 mm blue band filter and then their volume was made to reach to 20 ml with the deionized 

water. The samples which were ready for the analysis were analyzed with ICP-OES [26]. 
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Statistical Analysis 

All statistical analyzes were performed using GraphPad Prism 5.0 Software. Two-tail students t-test analysis was performed in 

all of the statistical analyzes for the determination of protein concentrations in carp fish microsomes, in the preparation of 

protein concentration-absorbance graphs, and for absorbance graphs of CYP2E1 and CYP3A4 enzyme activities. The 

significance level is determined as p <0.05. The results of heavy metals are given as average value. Mean values were applied 

through the One Way Anova-Duncan Multiple Comparison Test SPSS 20 package program, which was applied to reveal 

statistical differences in terms of element levels between stations. 

 

RESULTS 

 

Within this study, the induction of CYP3A4-dependent erythromycin N-demethylase activity by PAH, PCB, and dioxins with 

the liver cytochrome CYP2E1-dependent aniline 4- hydroxylase activity was assumed as the most sensitive biomarker, acting as 

an early warning signal in determining the presence of organic pollutants. There was a direct correlation between the determined 

microsomal protein concentrations and CYP450 enzyme activities. The significant difference in organic pollution in the Çavuşçu 

and Beyşehir lakes was determined by measuring the catalytic activity of the hepatic microsomes using two CYP-dependent 

fluorescent substrates. Microsomes were obtained from carp liver of Çavuşçu and Beyşehir lakes and microsomal proteins were 

calculated by BCA method and were screened by SDS-PAGE analysis method. Aniline 4-hydroxylase and erythromycin N-

demethylase activities were measured spectrophotometrically. Differences in enzyme activity observed between two lakes were 

interpreted. The fish liver microsomes of both lakes were read at 562 nm in the spectrophotometer and purple-colored complex 

formation was observed depending on the concentrations of microsomal proteins. The concentration of proteins was calculated 

from the slope of the resulting standard curve. After two repeated measurements of 6 carp microsomal proteins in Çavuçu lake 

(n= 6); 18.8 mg / ml, 12.2 mg / ml, 11 mg / ml, 12.2 mg / ml, 16.8 mg / ml, 15.3 mg / ml; In the carp in Beyşehir lake, 

respectively (n = 5); 13 mg /  ml,18.3 mg/ml, 19.4 mg/ml, 14.2 mg / ml,13.1 mg / ml. The mean protein concentration of fish 

microsomes (mg/ml) was found to be 14.39 ± 1.235 (n = 6) in the Çavuşçu Lake and 15.64 ±1.366 (n = 5) in the Beyşehir lake 

(Fig 1.) 

 

 
Fig 1: The average protein concentration of fish microsomes in Çavuşçu and Beyşehir lakes (mg / ml). 

 

The results are given as mean ± SEM. Çavuşçu lake [14.39 ± 1.235 (n = 6)], Lake Beyşehir Lake [15.64 ± 1.366 (n = 5)]. The 

presence of proteins in fish microsomes was determined by SDS-PAGE analysis. 11 different fish microsomal proteins obtained 

from Çavuşçu and Beyşehir lakes were visualized by SDS-PAGE analysis according to their molecular weights. these results are 

shown in Fig2. Proteins are seen at the site corresponding to 48 kDa. 
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Fig 2: SDS-PAGE analysis. Protein fractionation of fish proteins. Cytochrome P450 enzymes generally located in 50 kDA. 

 

CYP2E1-dependent aniline 4-hydroxylase activities were found 95.5 pmol / min/ mg, 117.1 pmol/ min / mg, 93.6 pmol / min / 

mg, 92.6 pmol / min / mg, 101.3 pmol / min / mg, 108.4 pmol / min / mg in carp fish samples in Çavuscu Lake, respectively. In 

the carp samples in Beyşehir Lake, the activities were found 99.4 pmol / min / mg, 96.2 pmol / min / mg, 98.7 pmol / min /mg,  

97.8 pmol / min/ mg and 98.7 pmol / min / mg, respectively. The value of enzyme activity was found as 101.5 ± 9.6 pmol / min / 

mg (n = 6) and 98.17 ± 1.1 pmol / min / mg (n = 5) in the Carp fish samples of Çavuşçu and Beyşehir Lake, respectively 

(p>0.05) The graph of Aniline 4-hydroxylase enzyme activity in both lakes is given in Fig 3. 

 

 
Fig 3: Comparison of CYP2E1 depended on A4H and CYP3A4 dependent END enzyme activities. 

** 
p=0.0073 is statistically significant for CYP3A4 dependent END enzyme activity. Data tables were analyzed with a two-tail 

student t-test. 

 

CYP3A4-dependent erythromycin N-demethylase activities were found in the carp samples in the Lake Çavuşçu Lake 0.04 nmol 

/ min / mg, 0.06 nmol / min / mg, 0.06 nmol /min/ ml 0.06 nmol / min / mg, 0.05 nmol /min/ mg, 0.04 nmol /min/ mg, 

respectively. In the carp samples in the Beyşehir Lake, the activities were found as 0,04 nmol /min/ mg, 0.04 nmol/min/mg,  0.03  

nmol /min/ mg,  0.04  nmol /min/ mg,  0.04  nmol min/ mg, 0.04 nmol /min/ mg, respectively. 

 

The value of enzyme activities in the Çavuşçu and the Carp fish samples in the Lake Beyşehir was 0,055 ± 0,01, 0,040 ± 0,003 

nmol/min/mg (n = 5), respectively (p = 0.0073), and there was a significant difference between the two lakes. The graph of 

erythromycin N- demethylase enzyme activity in both lakes is given in Fig 3. The enzyme activity in the carp fish liver 

microsomes in the Çavuşçu Lake was 1.4 times higher than the enzyme activity in the carp fish in Lake Beyşehir. When we look 

at the heavy metal levels in the fish liver in Çavuşçu Lake, It was observed to be higher than the levels in Beyşehir lake (1.64 

mg/kg, 0.08 mg /kg, 59.16 mg/kg respectively) in terms of Ni (0.44 mg/kg) Zn (151.18 mg/kg) and Cu (6.39 mg/kg). Fe was 

found to be higher in liver samples (255,82 mg/kg) in Beyşehir lake than in the Çavuşçu Lake (61,91 mg/kg). Cd and Co levels 

are below the detection limit in the examples in Çavuşçu Lake and also Cr levels were determined as 0.14 mg/kg and no 
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significant difference was observed between the levels in the samples in Lake Beyşehir. Mn levels were measured at similar 

rates in the samples in Beyşehir and Çavuşçu Lake (1.15 mg/kg, 1.17 mg/kg, respectively). 

 

When we investigated the heavy metal levels in the fish liver in Çavuşçu lake, It was observed to be higher than the levels in 

Beyşehir lake (1.64 mg/kg, 0.08 mg /kg, 59.16 mg/kg respectively) in terms of Ni (0.44 mg/kg) Zn (151.18 mg/kg) and Cu (6.39 

mg/kg). Fe was found to be higher in liver samples (255,82 mg/kg) in Beyşehir lake than in the Çavuşçu Lake (61,91 mg/kg). Cd 

and Co levels are below the detection limit in the examples in Çavuşçu Lake and also Cr levels were determined as 0.14 mg/kg 

and no significant difference was observed between the levels in the samples in Beyşehir Lake. Mn levels were measured at 

similar rates in the samples in Beyşehir and Çavuşçu Lake (1.15 mg/kg, 1.17 mg/kg, respectively) (Table 1 and 2). 

 

Table 1: Heavy metals concentrations in liver of Cyprinus carpio from Beyşehir Lake  (mg/kg, dry weight) 

Beyşehir Lake Cd Cr Cu Co Fe Mn Ni Zn 

Liver1 0.043
b* 

0.172
b 

5.327
a 

0.112
a 

403.65
a 

1.528
a 

0.142
a 

92.428
a 

Liver2 0.039
b 

0.201
b 

0.862
b 

0.108
a 

146.99
b 

1.144
b 

0.112
a 

59.874
b 

Liver3 0.058
a 

0.066
c 

0.902
b 

0.035
b 

454.63
a 

0.961
b 

0.006
b 

50.514
b 

Liver4 0.051
a 

0.142
b 

0.574
b 

0.088
b 

144,69
b 

1.047
b 

BDL 30.405
c 

Liver5 0.020
c 

0.520
a 

0.581
b 

0.080
b 

129.11
b 

1.094
b 

BDL 62.604
b 

Average 0.042 0.220 1.649 0.085 255.82 1.155
 

0.087 59.165 

* Statistically, different letters in the same column indicate that the difference between stations is important (p <0.05). 

 

 

Table 2: Heavy metals concentrations in liver of Cyprinus carpio from Çavuşcu Lake  (mg/kg, dry weight) 

Çavuşcu Lake Cd Cr Cu Co Fe Mn Ni Zn 

Liver1 BDL 0.888 5.330
b* 

BDL 47.09
c 

0,888
c 

0.888
a 

320.509
a 

Liver2 BDL BDL 8.017
a 

BDL 59.68
c 

0,890
c 

BDL 106.904
b 

Liver3 BDL BDL 6.222
b 

BDL 90.66
a
 0.888

c
 BDL 130.666

a 

Liver4 BDL BDL 6.464
b 

BDL 75.95
b 

2,424
a 

BDL 109.898
b 

Liver5 BDL BDL 5.780
b
 BDL 41.42

c 
BDL 0.963

a 
121.387

b 

Liver6 BDL BDL 6.552
b 

BDL 56.67
c 

1.985
b 

0.793
a 

117.717
b 

Average - 0.148 6.394 - 61.91 1.179 0.440 151.180 

* Statistically, different letters in the same column indicate that the difference between stations is important (p <0.05). 

 

CONCLUSION 

 

In this study, CYP2E1 and CYP3A4 enzyme activities were determined by spectrophotometric measurement in 11 carp liver 

tissues in the Çavuşçu and Beyşehir Lakes. According to the results obtained in two lakes; there was no significant variation 

observed in the CYP2E1 activity, a cytochrome P450 isozyme that metabolizes exogenous compounds such as procarcinogens, 

protoxins, industrial solvents. According to the results of this study, the fact that CYP3A4 enzyme activity is 1.4 times higher in 

Çavuşçu lake carp fish suggests that CYP3A4 enzyme-inducing agents have higher amounts of environmental toxicants in this 

lake and that each chemical will act differently on different enzymes in different concentrations. According to the results 

obtained, it is thought that CYP2E1 activity inducing agents can be found in similar amounts in both lakes and therefore, the 

results of enzyme activity measurement in two different lakes are very close to each other. Because each enzyme group of the 

cytochrome P450 gene family is induced and activated by different stimuli, the fact that CYP3A4 enzyme activity is higher in 

the carp in Çavuşçu Lake than in the Beyşehir Lake showed that CYP3A4 enzyme-inducing agents, environmental toxicants are 

in higher amounts in this lake. Each chemical will have different effects on different enzymes in different concentrations. 

Increased CYP3A4 enzyme activity increases the effects of various toxic agents, which are the substrate of this enzyme in cells, 

resulting in different pathophysiological conditions, thus increasing the risk of hepatoxicity and cancer. Increased CYP2E1 

enzyme activity is thought to increase the metabolism of other toxic and procarcinogen substances that are metabolized by 

CYP2E1 to cause liver toxicity, and toxic compounds will accumulate in the body, thereby destroying the target organ of the 

disease and facilitating the location of the disease. This situation shows us that human contaminants are the last biological 

receptors for all contaminants in the aquatic ecosystem. 

 

One of the most crucial biological changes occurring in the organism due to chemical pollution is the differences observed in 

enzyme activities. The study of molecular effects such as the induction of biotransformation enzymes by specific pollutants can 

give us crucial information about the levels of pollutants, the synergistic or antagonistic effects of these pollutants, and the 

defense responses of the organism. It is thought that organic pollution, including environmental toxicants and various chemicals 

in humans, may increase clinical toxicity and is known to be a carcinogen. 

 

These results showed us that the agents that induce CYP2E1 enzyme activity can be found in both lakes in similar amounts, and 

therefore the enzyme activity measurement results in two different lakes are very close to each other. Because each group of 

enzymes of the cytochrome P450 gene family is induced and activated with different stimuli, and the substrates used for their 
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catalytic activity are different. The fact that CYP3A4 enzyme activity is 1.4 times higher in Cavuschu lake carp fish showed that 

the agents that induce CYP3A4 enzyme, environmental toxicants are higher in this lake and that each chemical will affect 

different enzymes in different concentrations in different concentrations. Increasing CYP3A4 enzyme activity causes different  

pathophysiological conditions in cells by increasing the effects of various toxic agents that are the substrate of this enzyme; 

hence, it is thought to increase the risk of hepatoxicity and cancer. 

 

Erkmen et al. (2008) Carp samples of environmental pollution in the Meriç Delta using various enzymatic biomarkers in carp 

fish were taken seasonally from 5 different stations and enzyme activities of 167 carp such as lactate dehydrogenase (LDH) and 

carboxylesterase (CaE). As a result of analyzes, it was determined that liver GST, CaE, LDH, and AST activities differed 

significantly between different seasons and stations. However, no statistically significant variation was observed in liver ACP 

activity. When enzyme activities are compared, it can be stated that values such as GST and CaE enzyme activities reflect 

periodic changes and are more sensitive biomarkers for determining the difference between stations [27]. 

 

In the study of Keshavarzi et al.,(2018) liver and muscle organs of 116 fish samples were analyzed separately using ICP-MS. 

The results revealed that the studied metal concentrations (with some exceptions) varied between sampling stations, fish species, 

and organs. Human health risks can be evaluated using different indices. The results showed that arsenic and mercury are the 

most dangerous elements. Among the studied metals, Hg and As displayed the highest concentrations in liver samples. [28]. 

 

In the vicinity of Beysehir Lake, where the survey was conducted, agricultural and industrial developments have also increased 

in parallel with the increase in the number of population. The wastewater of the surrounding fields is mixed. These wastewaters 

may contain heavy metals, cyanide, ammonia, and pesticides. These pollutants can accumulate in fish in the lake and affect the 

immune system either directly or indirectly. In the fish liver, metallothionein metal-binding proteins, such as the main synthesis 

site is a high level of heavy metals such as Cd, Cu and Zn accumulate [29]. In the study of the assessment of water quality in 

Çavuşçu lake with the fuzzy logic method in 2014, Akköz et al., Monthly examination results, in terms of 5 parameters 

according to classical classification (Al, Zn, Fe, Cd, Pb) in terms of 1st class, two parameters (Cr, Mn) 2 .class is determined as 

3rd class in terms of 3 parameters (Cu, Co, Ni). Enzyme catalytic measurements in our study with heavy metal pollution in this 

lake are parallel [30]. 

 

In the study carried out by Tekin-Özan(2005), it is observed that the organ where the metals accumulate most in the carp in 

Beyşehir Lake is the liver. Cu, Fe, and Zn were found in the liver of the carp fish. It has been determined that the least 

accumulated metal in the liver is Cu. Although Fe and Zn vary depending on the seasons, it is determined that they accumulate 

in the liver at high rates [31]. The high accumulation of metals in the liver is due to being a metabolically active organ. 

We think that with increasing knowledge on the biotransformation processes in carp fish at different development stages 

compared to humans, the carp fish can be further validated and strengthened as a vertebrate model in drug discovery and 

toxicology. 

 

Finally, the last link in the food chain in wetlands consists of the human population. Since the seriousness of this condition is 

known, it is necessary to discuss the risks and possible damages of these toxic effects. Exposure to organic pollutants including 

environmental toxicants and exposure to these chemicals is thought to increase the likelihood of clinical toxicity and is known to 

be a carcinogen. Besides, it is considered that the concentration of pollutants, aquatic organisms, and human beings are the other 

important issues to be investigated. In our further studies, we will focus more on this issue and determine the organic pollution in 

our waters and the effects of harmful effects. 

 

ACKNOWLEDGEMENT 

 

We would like to thanks BAP (Coordination of Scientific Researching Projects) Foundation of Selcuk University for financial 

support (Project number 14201083). The study named Carcinogenic Properties of Organic Pollutants In Liver of Fish From 

Beyşehir Lake obtained from the master thesis was presented as an oral presentation at the 7th International Congress of 

Pharmaceutical Chemistry. 

 

Funding Information 

This study was supported by Selcuk University Scientific Research Projects Organization (Project number: 14201083). 

 

Conflict of Interest 

The authors declared no conflict of interest for this manuscript. 

 

REFERENCES 

 

[1] Yan, S., Guo,L. Thermodynamic analysis of pollution and treatment of organic matter in water, Thermal Science,2019, 

23(5A),2695-2702. 



57  
Citation: H. Banu Keskinkaya et al., 2020 Biochemical Monitoring of Toxic-Carcinogenic Organic Pollutions: CYP450 in Carp Fish In Different 

Lakes. Advances in Environmental Biology, 14(8): 50-58. DOI:10.22587/aeb.2020.14.8.7 

 

 

[2] Guo, Y., Wang, M., 2016. Thermodynamic Analysis of Gas-Flow and Heat Transfer in Micro-Channels, International 

Journal of Heat and Mass Transfer, 103: 773-782. 

[3] Zeng, Y., Zhou, J., Jia, R., 2016. Assessment and Causes of Groundwater Organic Pollution in Typical Plain Areas in 

Xinjiang, China, Exposure and Health, 8(3): 401-417. 

[4] Fonseca-Montes de Oca, R. M. G., Martínez-Miranda, V., Solache-Ríos Marcos, J., Ramos-Leal, J. A., Álvarez-Bastida, C., 

Fuentes-Rivas, R. M. 2019. Chemical activity relation of phosphorus and nitrogen presence in trace elements incorporation 

into underground water. Environmental Monitoring and Assessment, 191: 93. 

[5] Powers, S.M., Bruulsema, T.W., Burt, T.P., Chan, N.L., Elser, J.J., Haygarth, P.M., Howden, N.J.K., Jarvie, H.P., Lyu, Y., 

Peterson, H.M., Sharpley, A.N., Shen, J., Worral, F., Zhang, F., 2016. Long-term accumulation and transport of 

anthropogenic phosphorus in three river basins. Nat Geosci 9: 353–356. 

[6] Zhang, Z.B, Lv Y.F., Zhang W., Zhang Y.H., Sun C.Z., Marhala, T., 2015. Phosphorus, organic matter and nitrogen 

distribution characteristics of the surface sediments in Nansi Lake, China. Environ Earth, 73: 5669–5675. 

[7] Qian, X., Zhang, R., Chen, L., Lei, Y., Xu, A., 2019. Surface Hydrophobic Treatment of Water-Sensitive DUT-4 Metal–

Organic Framework To Enhance Water Stability for Hydrogen Storage. ACS Sustainable Chemistry & Engineering,7 (19): 

16007-16012.  

[8] Nadgórska-Socha, A., Kandziora-Ciupa, M., Ciepał, R. 2015. Element accumulation, distribution, and phytoremediation 

potential in selected metallophytes growing in a contaminated area. Environmental Monitoring and Assessment, 187(7): 

441. 

[9] Beygmoradi, A., Homaei, A., 2017. Marine Microbes as a valuable resource for brand new industrial biocatalysts, Biocatal. 

Agric. Biotechnol., 11: 131-152. 

[10] Karakurt, S., Semiz A., Celik, G., Gencler-Ozkan, A.M., Sen, A.,  Adali ,O. 2013.  Epilobium hirsutum alters xenobiotic 

metabolizing CYP1A1, CYP2E1, NQO1 and GPx activities, mRNA and protein levels in rats. Pharmaceutical Biology, 

51(5): 650–658. 

[11] X.-J. Hu, Y.-B. Zhang, Z.-J. Zhao, L. Zhang, Q. Wang, X.-W. Yang, 2018. Metabolic detoxification of bakuchiol is 

mediated by oxidation of CYP 450s in liver microsomes. Food Chem. Toxicol., 111: 385-392. 

[12] Mueller, S., Peccerella, T., Qin, H., Glassen, K., Waldherr, R., Flechtenmacher, C., Straub, B. K., Millonig, G., Stickel, F., 

Bruckner, T., Bartsch, H., Seitz, H.K., 2018. Carcinogenic Etheno DNA adducts in alcoholic liver disease: Correlation with 

cytochrome P-4502E1 and fibrosis. Alcoholism, Clinical and Experimental Research, 42(2): 252–259. 

[13] Szabo, G., 2018. Alcoholic liver disease accelerates early hepatocellular cancer in a mouse model. Advances in 

Experimental Medicine and Biology, 1032: 71–80. 

[14] Zlabek, V., Burkina, V., Borrisser-Pair,O., F., Sakalli, S., Zamaratskaia, G., 2016. Phase I metabolism of 3-methylindole, an 

environmental pollutant, by hepatic microsomes from carp (Cyprinus carpio) and rainbow trout (Oncorhynchus mykiss). 

Chemosphere 150: 304-310. 

[15] Lnenickova, K., Skalova, L., Stuchlíkova, L., Szotakova, B., Matouskova, P., 2018. Induction of xenobiotic-metabolizing 

enzymes in hepatocytes by betanaphthoflavone: time-dependent changes in activities, protein and mRNA levels. Acta 

Pharm. 68(1): 75-85. 

[16] Rodrigues, A.D., Rowland. A., 2020. Profiling of drug-metabolizing enzymes and transporters in human tissue biopsy 

samples: A Review of the Literature. Journal of Pharmacology and Experimental Therapeutics , 372(3): 308-319. 

[17] Xu, R.,Wen, J.,Tang, P.,Wang, C., Xie, S.,Zhang, B.,Zhou, Q.,Cai, J.,Hu, G., 2018.Functional characterization of 22 

CYP3A4 protein variants to metabolize ibrutinib in vitro. Basic & Clinical Pharmacology & Toxicology , 122 (4): 383-387. 

[18] Minegishi, G.,Kazuki, Y.,Yamasaki, Y.,Okuya, F., Akita,H., Oshimura,M., Kobayashi.K., 2019.Comparison of the hepatic 

metabolism of triazolam in wild-type and CYP3A-knockout mice for understanding CYP3A-mediated metabolism in 

CYP3A-humanised mice in vivo.  Xenobiotica, 49(11): 1303-1310. 

[19] JoEllyn,M., McMillan -Denise A.,Lin,Z., Mary, G., Banoub-Raghubendra S., Dagur-Amanda A., Branch Woods, Weimin 

Wang, Edward Makarov, Ted Kocher, Poonam S. Joshi, Rolen M. Quadros, Donald W. Harms, Samuel M. Cohen, Howard 

E. Gendelman, Channabasavaiah B. Gurumurthy, Santhi Gorantla, Larisa Y. Poluektova. 2018. Antiretroviral drug 

metabolism in humanized PXR-CAR-CYP3A-NOG Mice. Journal of Pharmacology and Experimental 

Therapeutics, 365(2): 272-280. 

[20] Arınç, E.,1993. Extrahepatic microsomal forms: lung microsomal cytochrome p450 isozymes. In: Schenkman, J.B., Greim, 

H. (Eds.), Handbook of Experimental Pharmacology. 105: 373-386. 

[21] Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature, 

227(5259):680-685. 

[22] Omura, T., Sato, R.J.,1962. A new cytochrome in liver microsomes. Journal of Biological Chemistry, 237: 1375-1376. 

[23] Gorsky L.D., Hollenberg P.F.,1989. Labeling of albumin secreted from isolated rat hepatocytes during the metabolism of N-

nitrosodimethyl- and N-nitrosodiethylamine. Chemical Research in Toxicology, 2(6):442-448. 

[24] Nash, T.,1953. The colorimetric estimation of formaldehyde by means of the Hantzsch reaction. Biochemical Journal, 55: 

416-421. 

[25] Cochin J., Axelrod J. 1959. Biochemical and pharmacological changes in the rat following chronic administration of 

morphine nalorphine and normorphine. Journal of Pharmacology and Experimental Therapeutics, 125(2):105-10. 

[26] EPA METHOD 3051.1998. Microwave assisted acid digestion of sediments, sludges, Soils and Oils. 



58  
Citation: H. Banu Keskinkaya et al., 2020 Biochemical Monitoring of Toxic-Carcinogenic Organic Pollutions: CYP450 in Carp Fish In Different 

Lakes. Advances in Environmental Biology, 14(8): 50-58. DOI:10.22587/aeb.2020.14.8.7 

 

 

[27] Erkmen, B., Güngördü, A., Kolankaya, D., Özmen, M. 2008. Evaluation of environmental pollution in the meriç delta by 

using various enzymatic biomarkers in carp fishes, 19th National Biology Congress, Trabzon. Abstract. 

[28] Keshavarzi,B., Hassanaghaei,M., Moore,F.,  Mehr,M.R.,  Soltanian,S.,   Lahijanzadeh,A.R.,  Sorooshian,A.,2018. Heavy 

metal contamination and health risk assessment in three commercial fish species in the Persian Gulf. Marine Pollution 

Bulletin,129(1): 245-252. 

[29] Ahmed, M.K., Baki, M.A., Islam, M.S., Kundu, G.K., Habibullah-Al-Mamun, M., Sarkar, S.K., Hossain, M.M., 2015. 

Human health risk assessment of heavy metals in tropical fish and shellfish collected from the river Buriganga, Bangladesh. 

Environ. Sci. Pollut. Res. 22 (20):15880–15890. 

[30] Akköz,C.,Yılmaz Öztürk,B., Aşıkkutlu,B., Gümüş N.E., 2014. Evaluation of heavy metal contamination at Çavuşçu lake by 

fuzzy logic, Journal of Selçuk University,3(3) ,92-102. 

[31] Tekin Özan., 2005, Beysehir Gölü’nde yasayan Sazan (Cyprınus Carpıo L.,1758) ve Kadife Balığı (Tınca Tınca L., 

1758)’ındaki parazitlerin ve ağır metallerin birikimlerinin araştırılması,Doktora tezi, 20-22. 

https://www.sciencedirect.com/science/article/abs/pii/S0025326X18301206#!

