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ABSTRACT: Cytochromes P450 (CYP450) enzyme family is a prominent enzyme family that primarily 

functions in the first phase of xenobiotic detoxification in aquatic species. Stimulation of hepatic CYP1A in 

fish by specific classes of pollutants serves as an early warning system and the "most sensitive biological 

response" for determining the levels of environmental contamination. This has impacts on human fish 

intake as well as the health of aquatic organism. Relationship between Cytochrome P4501A  (CYP1A) 

detected in Carassius carassius and water quality parameters like ammonical nitrogen, dissolved oxygen, 

pH, water temperature of the Wular lake was evaluated. The samples (fishes and water sample) were taken 

on a monthly basis from the three separate locations of the lake viz., Kulhama, Laherwalpora and Ashtung. 

Control group was also set up. CYP1A concentration in fishes was detected using Enzyme Linked Immuno 

Sorbant Assay (ELISA). Using one way analysis of variance, P < 0.05 was obtained which indicated that 

there was a significant difference (P<0.05) in CYP1A levels among the 4 sampling sites viz., Kulhama, 

Laherwalpora, Ashtung and control group. CYP1A showed significant +ve correlation with ammonical 

nitrogen (r= 0.872, P< 0.01); orthophosphate (r= 0.856, P< 0.01) as well as with pH ((r= 0.690, P< 0.01). 

However significant -ve correlation was obtained between CYP1A and dissolved oxygen (r= -0.418, P< 

0.01); CYP1A and water temperature (r= - 0.650, P< 0.01). Although there haven't been many studies on 

the relationships between cytochrome P4501A and water quality, this study discusses how these enzymes 

(bioindicators) are related to water quality parameters, serving as biomarkers of pollution. 

Keywords: Wular lake, CYP1A, Ammonical nitrogen, Orthophosphate, Dissolved oxygen. 

 

INTRODUCTION 

With the advancement of civilization, an expanding 

number of chemicals are being introduced into 

the environments. These chemicals jeopardize 

biological species, humans, and our surroundings. 

Because a significant quantity of chemicals used in 

industry, urbanization, and agriculture infiltrate marine 

and other freshwater aquatic habitats, the aquatic 

environment is particularly vulnerable to the hazardous 

effects of pollutants (Payne et al., 1987). Due to 

anthropogenic pressures including intensified 
overexploitation and expanding watersheds, freshwater 

habitats are among the most vulnerable ecosystems 

(Altshuler et al., 2011). Along with these stressors, a 

variety of toxins brought on by anthropogenic activities 

have recently been introduced into aquatic habitats. One 

of these stresses is a chemical. Many hazardous 

substances are released by pesticides used in agriculture 

and domestic operations to manage pests, weeds, and 

plant diseases, reaching and harming various 

environmental divisions, including aquatic ecosystems 

(Gunderson et al., 2016). Pollutants that accumulate in 

the organism initially have molecular and cellular 
impacts. This might have a detrimental effect on the 

organism, causing alterations at the population and 

community levels in the future. Fish populations in 

heavily polluted environments frequently exhibit high 

rates of gross-pathological lesions and neoplasms, 

which may be linked to higher quantities of hazardous 

chemicals in the sediments (Payne et al., 1987). 

Chemical examinations can quantitatively and precisely 

quantify a wide variety of pollutants, but it is 

impossible to effectively evaluate the complex 

combination of chemical contaminants. Additionally, it 

obscure how chemical contamination affects the aquatic 
ecosystem. Utilizing biological markers accomplishes 

this objective. Generally, there are two types of 

biomarker responses: those that merely assess exposure 

to a pollutant and those that measure exposure and the 

hazardous effects of environmental chemicals (Peakall, 

1992; Walker, 1998). The induction of cytochrome 

P4501A (CYP1A) dependent mixed-function oxidases 

(MFO) or monooxygenases is the biochemical marker 

that has been most characterised and used so far 

(Bucheli and  Fent 1995). In fish and other vertebrates, 

organic contaminants including PCB, PCDD, PCDF, 

and PAH primarily stimulate liver CYP1A. CYP1A is 
utilized as a biomarker of exposure to these types of 

organic pollutants and frequently acts as an early 
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warning signal of potentially more serious pathologies 

(Payne et al., 1987). Members of the hemoprotein 

superfamily, cytochrome P450 (CYP) enzymes 
participate in the mono-oxygenation processes of a 

variety of endogenous and foreign substances in 

mammals and plants (Uno et al., 2012). One of the 

most widely used pesticides in the world is 

organophosphate (Kretschmann et al., 2011). Pesticides 

with organophosphates are reported to inhibit CYP450 

enzymes. The detoxifying mode of action triggered by 

this kind of pesticide  entail the emission of sulphur 

molecules during its stimulation, which produce an 

oxon analogue to the CYP450 enzyme, resulting in the 

suppression of CYP450 and subsequently the biomarker 

(OECD, 2012; Jemec et al., 2007). Taking into account 
the importance of CYP1A in monitoring the aquatic 

pollution, the present study was accomplished to assess 

the environmental contamination. 

MATERIALS AND METHODS 

The present investigation on Carassius carassius 

(Crucian carp) was carried out at Fish Genetics and 

Biotechnology Laboratory, Aquatic Environmental 

Management Laboratory, Faculty of Fisheries, 

SKUAST Kashmir, Rangil, Ganderbal and Division of 

Veterinary Microbiology and Immunology, FVSc. & 

A.H Shuhama, Ganderbal. The study involved the 
following steps for meeting the set objectives: 

A. Experimental Design for Control 

The crucian carp fingerlings (n=45) were procured for 

experimentation from SKUAST-K Shuhama fish farm 

and transported to the Fish Genetics and Biotechnology 

laboratory in oxygen filled insulated  ice boxes and 

were acclimatized for 24 hours. The fishes were then 

reared in separate tubs for a period of 3 months under 

controlled conditions in polyhouse (Fig. 1).  The water 

source for control group was nearby freshwater stream 

flowing adjacent to Polyhouse. Water temperature, pH, 

dissolved oxygen and concentration of  ammonical 
nitrogen and orthophosphate were monitored monthly 

during the experiment. The fishes were fed with 

standard diet 2 times a day. 

 

Fig. 1. Setup for Control group in Polyhouse SKUAST- 

K. 

B.  Selection of sampling sites 

For the present study, three sampling sites were 

selected from Wular lake viz., Site A (Kulhama), Site B 

(Laherwalpora), Site C (Ashtung). Also Control group  

(Site D) was setup in polyhouse of SKUAST-K  from 

December 2019 to February 2020. 

C. Collection of Samples 
Samples of Carassius carassius were collected on 

monthly basis. The fish samples were collected from 

the landing centers of the respective areas. A total of 

180 samples ranging from 60g to 80g in total body 

weight were collected from Wular Lake and control 

group for a period of 3 months. The samples were 

collected and transported live in sampling box fitted 

with aerator to the Fish Genetics and Biotechnology 

Laboratory, Faculty of Fisheries, SKUAST-Kashmir. 

D. Preparation of liver homogenates  

Liver homogenates were prepared as per the protocol 

mentioned by the manufacturer (Cusabio Taiwan) on 
the “Cytochrome ELISA (Enzyme Linked 

Immunosorbent Assay) detection kit” 

E. Principle of the Assay 

The assay used the competitive inhibition enzyme 

immunoassay technique. 

F. Detection and quantification of Cytochrome P4501A 

using ELISA reader 

All reagents and samples were prepared as per the 

instructions given on the “Cytochrome detection 

kit”.The optical density of each well was calculated 

using ELISA reader (Labsystems, Multiskan)  set at 
450nm (Fig. 2). 

 
Fig. 2. Dispensing the samples using multichannel 

pipette. 

G.  Water chemistry 

Samples of surface water were collected from the each 

sampling site and from experimental control in one litre 

polyethylene bottles marked distinctly. The sampling 

was done usually between 11:00am to 2:00 pm. 

Parameters like water temperature and fixing of 

Dissolved oxygen were determined at the respective 

sampling sites and detailed analysis of samples were 

carried out in AEM Laboratory at Faculty of fisheries, 
SKUAST- Kashmir using the methods outlined in 

American Public Health Association (2012). Following 

parameters were analyzed: 

(i) Water Temperature. The temperature of water 

samples were determined by using infrared 

thermometer (Kusam-Meco). The reading obtained was 

expressed in oC. 

(ii)  Dissolved Oxygen. Iodometric method was used 

for determining the concentration of Dissolved oxygen. 
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The initial fixation of the dissolved oxygen was done 

on spot by collecting the liquid in the 300 mL BOD 

bottle, to which 1 ml of each alkali-iodide reagent and 
manganous sulphate was added. 

The D.O. concentration was calculated from the given 

formula and the results were expressed in mg L
-1

. 

Dissolved oxygen (mgL
-1

) = 
��×�×��.�	

�

×1000 

V1 = Volume of sodium thiosulphate used  

V2 = Sample volume taken for titration  

N = Normality o f sodium thiosulphate  
Eq. wt. = Equivalent weight of oxygen 

(iii) pH (Hydrogen ion concentration). A hand held 

automated pH meter (Eutech, Singapore) was used to 

determine the pH of the water samples. Before use, the 

pH was standardized with buffer solutions (pH 4 and 7). 

(iv) Ammonical Nitrogen. The concentration of 

ammonical nitrogen was estimated by phenate method. 

(v) Orthophosphate phosphorous. The concentration 

of orthophosphate phosphorous was estimated by 

Stannous chloride method (molybdenum blue method). 

H. Statistical Analysis 

The acquired data was statistically evaluated using 
"PAST-3" software and "Curve expert software". The 

data was tested to one-way ANOVA (Table 1, Fig. 3)  

and correlation, with p <0.005 was regarded statistically 

significant. 

RESULT AND DISCUSSION 

A. CYP1A detection and measurement 

All of the samples analysed throughout the 

investigation expressed cytochrome P4501A. The level 

of CYP in the samples taken from Site A fluctuated 

from 58.61 pg/l to 118.88 pg/l, with a mean value of 

88.74 2.53 pg/l. Samples taken from Site B exhibited 

CYP concentrations that varied from 97.01 pg/l to 

190.11 pg/l, with a mean value of 143.56 3.01 pg/l 
(Table 1, Fig. 3). Similar to our findings, elevated 

levels of CYP1A were found in the livers of caged 

mummichogs, Fundulus heteroclitus, exposed to 

polluted locations near an oil refinery (Loughery et al., 

2014). As for Site C, it varied from a low of 71.12pg/l 

to a high of 125.74pg/l, with a mean value of 98.431.95. 

However, CYP1A concentrations in control group 

samples varied from 19.57 pg/l (lowest) to 37.18 pg/l 

(highest), with a mean value of 28.370.90 pg/l. 

Numerous studies which have performed the chemical 

analysis and correlated it with analysis of CYP1A and 

these studies have showed that concentrations of 

contaminants such as PAHs and PCBs (measured in 

fish or in environment) can generally be linked to the 

induction responses (Van Veld et al., 1990; Goksoyr et 

al., 1994; Collier et al., 1994). Increase in CYP1A may 

also be attributed to the presence of organic 

anthropogenic compounds (polycyclic aromatic 

hydrocarbons), pesticides, plastics which enters the 

aquatic environment due to the human activities (Arinc 

et al., 2000). The results of the current study are 

consistent with Celander et al. (1993), who studied the 

induction of cytochrome p450 1Al and conjugating 
enzymes in rainbow trout (Oncorhynchus mykiss) liver 

when exposed to isosafrole (ISF) or β-naphthoflavone 

(β -NF). Propiconazole (fungicide) induced the hepatic 

cytochrome P4501A (CYP1A) in brown trout (Salmo 

trutta), according to Egaas et al. (1999). Twelve 

distinct freshwater fish species from seven 

different water bodies were examined for CYP1A 

expression by Williams et al.  (2021). 

Table 1: The dataset provides univariate (descriptive) statistical information about four separate locations. 

 Site A Site B Site C Site D 

N 45 45 45 45 

Min 58.61 97.01 71.12 19.57 

Max 118.88 190.11 125.74 37.18 

Stand. Dev. 16.97 20.20 13.14 6.04 

Median 82.33 119.66 83.71 24.43 

Skewness 0.54 1.85 1.52 0.52 

Geom. Mean 85.47 120.47 86.07 26.96 

Coeff. Var 19.51 16.57 15.89 21.90 

 

Fig. 3. Minimum, maximum and mean values of CYP1A (pg/ml) level at 4 different sites. 
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Table 2: Allocation of the mean CYP1A values at 

the four study locations. 

Site Mean Std. error F value P value 

A 88.74 2.53 
 

304.5 

 

 

<0.05 

 

B 143.56 3.01 

C 98.43 1.95 

D 28.37 0.90 

 
In the present study, CYP1A showed significant +ve 

correlation with ammonical nitrogen (r = 0.872, P< 
0.01); orthophosphate  (r = 0.856, P< 0.01) as well as 

with pH ((r = 0.690, P< 0.01). Perez et al. (2002); 

Fisher et al. (2006) also found a statistically significant 

correlation between CYP1A and Pyrene in Nile Tilapia 

and CYP1A and PCBs in common carp. After using  

one way analysis of variance was used, P< 0.05 was 

found, indicating that there was a significant difference 

(P <0.05) in the levels of CYP1A across the four 

sample locations, namely Site A, Site B, Site C, and 

Site D (Table 2). 

B. Water Quality Parameters 

(i) Ammonical nitrogen. In the present study Site A 
recorded minimum Ammonical nitrogen concentration 

of 234.9µg/l in the month of February to a maximum of 

275.9 µg/l in month of December with a mean value of 

252.1 ±12.2 µg/l, For Site B it ranged from  a minimum 

of 333.7 µg/l in the month of February to a maximum 

of 381.5 µg/l in month of December  with a mean value 

of 360.8 ±14.1 µg/l, while as, for Site C  it ranged from  

a minimum of 229.3 µg/l (February) to a maximum of 

275.4 µg/l (December) with a mean value of 

253.1±13.3 µg/l. However, in control group the total 

Ammonical nitrogen content was recorded in the range 
of 53µg/l (minimum) in month of February to a 61 µg/l 

(maximum) in the month of December with a mean 

value of 57± 2.3 µg/l (Table 3, Fig. 4).  

Table 3: Ammonical nitrogen (µg/L) monthly 

changes at four distinct locations. 

Sites December January February 
Mean 

±S.E 

Site A 275.9 245.5 234.9 
252.1 
±12.2 

Site B 381.5 367.4 333.7 
360.8 

±14.1 

Site C 275.4 254.8 229.3 
253.1 

±13.3 

Site D 61 57 53 57 ±2.3 

 

 

Fig. 4. Minimum, maximum and mean values of 

ammonical  nitrogen (µg/l) at 4 different sites. 

During the winter months, ammonification and slow 

rate of nitrification process leads to elevated quantities 

of ammonical nitrogen. Wetzel (1983); Finlay et al. 
(2007) obtained the similar results during their study. 

On the other hand, during warmer months the lower 

ammonical concentration is due to the autotroph’s 

photosynthetic assimilation during their growth in 

summer (Pandit, 1999). The results of the current 

research are in consensus with Kayranli et al. (2010). 

They reported high levels of ammonical-nitrogen 

during winter and attributed it to the relatively low 

nitrification of ammonical-nitrogen due to low 

temperatures, which negatively affects the nitrification. 

(Dar, 2015) obtained the similar results, higher values 

of ammonia during winter and lower values in summer. 

Similar findings were also revealed by Ahlgren (1967). 

This is possibly due to the utilization of NH
4-

N by 

phytoplankton. (Rasheed, 2019) reported higher values 

of ammonia during winter could be due to lower 

metabolic process as development of plant life is very 

slow and also to leaching from the surrounding 

terrestrial vegetation due to rains. 

(ii) Orthophosphate. In the present study Site A 

recorded minimum orthophosphate phosphorous 

concentration of 83.7µg/l in the month of February to a 

maximum of 105.4µg/l in month of January with a 
mean value of 92.46±6.60 µg/l, For Site B it ranged 

from  a minimum of 81.9µg/l in the month of February 

to a maximum of 99.7µg/l in month of January with a 

mean value of 90.93±5.14 µg/l, while as, for Site C  it 

ranged from  a minimum of 74.1µg/l (February) to a 

maximum of 101.2µg/l (January) with a mean value of 

83.53±8.84µg/l. However, in control group the total 

orthophosphate content was recorded in the range of 

12.4µg/l (minimum) in month of February to a 14.2µg/l 

(maximum) in the month of January with a mean value 

of 13.36±0.5µg/l (Table 4, Fig. 6). 

The distribution of orthophosphate revealed substantial 
fluctuation, with average values in winter being higher 

while average values in summer are lower. 

Orthophosphate reaches lakes through home 

wastewater and agricultural runoff, which explains why 

eutrophication has intensified (Vyas et al., 2006). The 

production of an insoluble calcium-phosphate complex 

is the cause of the low orthophosphate-phosphorous 

concentration in waters. This phenomenon eliminates 

dissolved organic debris through absorption and serves 

as a scavenger of certain inorganic nutrients (Wetzel 

and Otsuki 1974).  
 (iii) Dissolved Oxygen. In the present study Site A 

recorded minimum Dissolved oxygen concentration of 

9.2mg/l in the month of February to a maximum of  

10.8 mg/l in month of December with a mean value of  

10.03 ±0.46 mg/l, For Site B  it ranged from  a 

minimum of  8.5 mg/l in the month of February to a 

maximum of  9.2 mg/l in month of December  with a 

mean value of  8.86±0.20 mg/l, while as, for Site C  it 

ranged from  a minimum of  9.2mg/l (February) to a 

maximum of  10.7 mg/l (December) with a mean value 

of  10.03 ±0.44mg/l. However, in control group the 

total Dissolved oxygen concentration was recorded in 
the range of 9.7 mg/l (minimum) in month of February 

to 10mg/l (maximum) in the month of December with a 
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mean value of 9.86 ±0.08 mg/l (Table 5; Fig. 8). The 

findings of the current analysis showed that Wular lake 

had adequate dissolved oxygen with a mean 
concentration ranging from 8.86 ± 0.20 mg/L to 10.03 ± 

0.46 mg/L.  Slightly lower levels of dissolved oxygen at 

Site B could be due to the combined effect of the 

increased rate of decomposition of organic matter, 

increased amount of organic matter coming through 

agricultural runoff and sewage requiring oxygen for 

decomposition, (Lewis, 2000; Okbah and El-Gohary 

2002). The higher  concentration of dissolved oxygen at 

site A and Site C is due to luxuriant growth of 

submerged macrophytes which act as main sources of 

aeration for the lake, thereby enhancing light 

penetration and hence photosynthesis (Kumar and 

Pandit 2007; Srivastava et al., 2008). 

 

Fig. 5. Scatter plot showing relationship between 

CYP1A and ammonical nitrogen. 

Table 4: Orthophosphate phosphorous (µg/L) monthly changes at four distinct locations. 

Sites December January February Mean ±S.E 

Site A 88.3 105.4 83.7 92.46±6.60 

Site B 91.2 99.7 81.9 90.93±5.14 

Site C 75.3 101.2 74.1 83.53±8.84 

Site D 13.5 14.2 12.4 13.36±0.52 

 

Fig. 6. Minimum, maximum and mean values of 

Orthophosphate phosphorous  (µg/l) at 4 different sites. 

 

Fig. 7. Scatter plot showing relationship between 

CYP1A and orthophosphate phosphorous. 

Table 5: Monthly variations in Dissolved oxygen (mg/L) at 4 different sites. 

Sites 
 

December 

 

January 

 

February 

 

Mean ±S.E 

Site A 10.8 10.1 9.2 10.03 ±0.46 

Site B 9.2 8.9 8.5 8.86 ±0.20 

Site C 10.7 10.2 9.2 10.03 ±0.44 

Site D 10 9.9 9.7 9.86 ±0.08 

 

(iv) Water temperature. The site A  recorded water 

temperature ranged from a minimum of 5.5 
o
C in the 

month of December to a maximum of 8.5
 o

C in the 

month of February with mean value of 6.9 ± 0.86
 o

C. 

For site Bit ranged from a minimum of 5.4
o
C in the 

month of December to a maximum of 8.3
 o

C in the 

month of February with mean value of 6.7±0.84
 o

C 
while as, for Site C it ranged from a minimum of 5.7oC 

in the month of December to a maximum of 7.2
 o

C in 

the month of February with mean value of 6.3±0.45
o
C. 

In control it ranged from a minimum of 5.2
o
C in the 

month of December to a maximum of 12.5
o
C in the 

month of February with mean value of 8.8 ±2.10
 o

C 

(Table 6, Fig. 11).  

In the present investigation, water temperature of the 

lake showed monthly increase, minimum (average) in 

the month of December (5.45 ±0.1
o
C) followed by 

January (7.02 ±0.5
o
C) and highest in the month of 

February (9.12±1.1
o
C).  Increase in water temperature 

is attributed to the increase in solar radiation due to 

comparatively longer day length. Similarly, a gradual 

reduction in solar radiation may explain fall in 

temperature during winter months and again it begins to 

increase during warmer months. Fig. 9 depicts 
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comparative CYP1A level (in fishes) and 

orthophosphate, ammonical nitrogen, dissolved oxygen 

(in water) collected from respective sites. 

 
Fig. 8. Minimum, maximum and mean values of 

Dissolved oxygen at 4 different sites. 

Munawar (1970) reported a direct relation between 

water temperature and bright sunshine. Bartram and 

Balance (1996) reported this variation may be related to 

many environmental factors such as elevation, current 

velocity, water depth, degree of shading, bottom 

materials exposed to direct sunlight, vegetation cover, 

wind speed and evaporation. Toma (2000); Rasheed 

(2008) found the similar results. Dar (2015) reported 
that the meteorological conditions such as trade winds, 

sunshine durations and absorption of the solar radiation 

by the shallow lake water body might be responsible for 

the monthly variations. 

 

 

Fig. 9. Comparative CYP1A level (in fishes) and 
orthophosphate, ammonical nitrogen, dissolved oxygen 

(in water) collected from respective sites. 

 

Fig. 10. Scatter plot showing relationship between 

CYP1A and dissolved oxygen. 

 

Table 6: Monthly variation in water temperature (oC) at different sites. 

Sites 
 

December 

 

January 

 

February 

 

Mean ±S.E 

Site A 5.5 6.9 8.5 6.9 ±0.86 

Site B 5.4 6.5 8.3 6.7 ±0.84 

Site C 5.7 6 7.2 6.3 ±0.45 

Site D 5.2 8.7 12.5 8.8 ±2.10 

Mean ±S.E 5.45 ±0.1 7.02 ±0.5 9.12±1.1 - 

 

Fig. 11. Minimum, maximum and mean values of temperature at 4 different sites. 
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Fig. 12. Scatter plot showing relationship between CYP1A and water temperature. 

(v) pH. The minimum pH of 7.3 was recorded from site 

A in the month of December and a maximum of 7.5 

was recorded in the month of February with average pH 

of 7.4 ±0.05. Site B recorded a minimum pH of 7.6 in 

the month of December and a maximum pH of 7.8 in 

the month of February.  The average pH of Site B was 

recorded as 7.7 ±0.05. Similarly, Site C recorded a 

minimum pH of 7.4 in the month of December and a 

maximum pH of 7.8 in the month of February and the 

average pH of 7.6 ±0.11 was recorded from the site C. 

In control group the minimum pH of 7.2 was recorded 

in the month of December and a maximum pH of 7.4 in 

the month of February with the mean pH of 7.3±0.05 

(Table 7, Fig. 13). The pH recorded in the present study 

was in neutral to alkaline range suggesting that the 

lakes were well buffered throughout the study period. 
Lower pH during winter is because of the increased 

decomposition of organic matter under least water 

depth (Reimer et al., 2008). The pH variations recorded 

during the present study fall within the recommended 

range for the support of aquatic life (Kamran et al., 

2003). Similar trend was followed in the study 

conducted by Agarkar and Garode (2000), they 

attributed the lowest pH values, to lower rates of 

photosynthesis, increasing CO2 levels. Conversely, the 

increased pH in the summer season may be associated 

with the decrease in free CO2 as a result of 

photosynthesis (Wetzel, 1975). Similar trend in pH 

(lower during winter and high during summer) was 

reported by Raut et al. (2015). 

Dar (2015) reported that the Wular lake has good water 

quality with the pH range of 7.1-8.5. Hassan et al. 

(2015) while studying the Influence of land use/land 

cover on the water chemistry of Wular Lake in Kashmir 

Himalaya (India) reported the neutral to alkaline pH 

throughout the study period. The findings of the present 

study are in close proximity with the findings of Naik et 
al. (2015), who reported lower values of pH during 

winter months. The changes in the rate of 

photosynthesis and decomposition seemed to cause pH 

fluctuations, and this was consistent with the conclusion 

drawn by Zutshi and Khan (1988). 

Table 7: Monthly variation in pH at 4 different sites. 

Sites December January February Mean ±S.E 

Site A 7.3 7.4 7.5 7.4 ±0.05 

Site B 7.6 7.7 7.8 7.7 ±0.05 

Site C 7.4 7.6 7.8 7.6 ±0.11 

Site D 7.2 7.4 7.3 7.3 ±0.05 

 

Fig. 13. Minimum, maximum and mean values of pH at 4 different sites. 
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Fig. 14. Scatter plot showing relationship between CYP1A and pH. 

 
(vi) Correlation between different parameters. The  

4 sampling sites viz., Site A, Site B and Site C and Site 

D. CYP1A showed significant +ve correlation with 

ammonical nitrogen (r = 0.872, P< 0.01); 

orthophosphate  (r = 0.856, P< 0.01) as well as with pH 

((r = 0.690, P< 0.01) (Table 8, Fig. 5, 7 & 14). 

However significant -ve correlation was obtained 

between CYP1A and dissolved oxygen (r = -0.418, P< 

0.01); CYP1A and water temperature (r = - 0.650, P< 

0.01) (Table 9, Fig. 10 &12) 

  

Table 8: Correlation between CYP1A and ammonical nitrate, orthophosphate and pH. 

 Ammonical Nitrate Orthophosphate pH 

CYP1A 0.872* 0.856* 0.690* 

      *= significant at 0.01 (1%) level of significance 

Table 9: Correlation of CYP1Awith dissolved oxygen and water temperature. 

 Dissolved oxygen Water Temperature 

CYP1A -0.418* -0.650* 

                                       *= significant at 0.01 (1%) level of significance 

 

CONCLUSION 

The need to identify and assess the implications of 

pollution, often small concentrations of increasingly 

complicated mixtures, prompted the development of 

molecular markers or biomarkers. Utilizing monitoring 

programmes, it is possible to assess the rates of 

environmental deterioration and risk associated with it. 

Because of its sensitivity to extremely low 

concentrations of pollutants that may otherwise not be 

identified by any other lab procedure, cytochrome P450 

enzymes (CYPs) have been demonstrated to be the best 

susceptible biomarker for water contamination 

detection till date. The present study thus demonstrated 

the relationship of  CYP1A with various water 

parameters. It was found that CYP1A showed 
significant positive relation with ammonical nitrogen, 

orthophosphate and pH. While as, significant negative 

relationship was obtained between CYP1A, dissolved 

oxygen and water temperature. In eutrophic 

environments, fish at the top of the food chain and top 

consumers are prone to accumulate contaminants from 

their surroundings, and the resulting high CYP levels 

may be utilized as a possible signal of stress in fish.  

FUTURE SCOPE 

Further examination of this study could contribute a 

significant addition to the fundamental understanding of 
fish adaptability and the harmful consequences of 

numerous xenobiotics found in water bodies. The 

impact of pollutants on the expression of CYP1A in 

freshwater fish can be further investigated. Procedures 

involving the detection of this gene for the assessment 

of water pollution can be validated by direct 
correlations between levels of CYP1A expression 

inside the fish and pollution levels in the water. 
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