
Int. J. Environ. Res. Public Health 2005, 2(1), 63–73 

International Journal of 
Environmental Research and Public Health 

ISSN 1660-4601  
www.ijerph.org 

© 2005 by MDPI 

 

© 2005 MDPI. All rights reserved.  

Studies on the Development of Potential Biomarkers for Rapid 
Assessment of Copper Toxicity to Freshwater Fish using Esomus 
danricus as Model 
  
S. S. Vutukuru1, Ch.Suma1, K. Radha Madhavi1, Juveria1, J. Smitha Pauleena1, J. Venkateswara Rao2 and Y. 
Anjaneyulu1* 
 
1Environmental and Molecular Toxicology Laboratory, Centre for Environment, Institute of Science and Technology, 
Jawaharlal Nehru Technological University, Kukatpally, Hyderabad – 500 072, Andhra Pradesh, India 
2Scientist E-II, Toxicology Unit, Biology Division, Indian Institute of Chemical Technology, Hyderabad 500 007, India 
3Director, Institute of Science and Technology, Jawaharlal Nehru Technological University, Kukatpally, Hyderabad-500 
072, Andhra Pradesh, India 
*Correspondence to Prof. Y. Anjaneyulu. Email: myvutukuru@yahoo.com 
 
Received: 15 November 2004 / Accepted: 06 February 2005 / Published: 30 April 2005 
 
 

Abstract: Living in an environment that has been altered considerably by anthropogenic activities, fish are often 
exposed to a multitude of stressors including heavy metals. Copper ions are quite toxic to fish when 
concentrations are increased in environmental exposures often resulting in physiological, histological, 
biochemical and enzymatic alterations in fish, which have a great potential to serve as biomarkers. Esomus 
danricus was chosen as model in the present study and the metabolic rate, gill morphology, total glycogen, total 
protein, superoxide dismutase and catalase were critically evaluated.  The 96h LC50 value was found to be 
5.5mg/L (Cu as 1.402mg/L). Fish groups were separately exposed to lethal (5.5mg/L) and sub lethal 
concentrations (0.55 mg/L) of copper sulphate over a period of 96h to examine the subtle effects caused at various 
functional levels.  Controls were also maintained simultaneously.   Significant decrease in the metabolic rate 
(p<0.001) of the fish was observed in both the concentrations studied.  Studies employing Automated Video 
Tracking System revealed gross changes in the architecture of gill morphology like loss, fusion, clubbing of 
secondary gill lamellae, and detachment of gill rakers following softening of gill shaft in fish under lethal 
exposures indicating reduced respiratory surface area.  Biochemical profiles like total glycogen and total protein 
in gills and muscle of fish exposed to 5.5 mg/L showed appreciable decrease (p<0.05 to 0.001) from control. 
Significant inhibition of superoxide dismutase (60.83%), catalase (71.57%) from control was observed in fish 
exposed to 5.5 mg/L at the end of 96h exposure only.  Interestingly, in fish exposed to 0.55 mg/L enzyme activity 
is not affected except for catalase.  Toxic responses evaluated at various functional levels are more pronounced in 
fish exposed to 5.5mg/L and these can serve as potential biomarkers for rapid assessment of acute copper toxicity 
in environmental biomonitoring.  
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Introduction 

 
Environmental pollutants such as metals, pesticides 

and other organics pose serious risks to many aquatic 
organisms including fish [1].  Heavy metals constitute a 
core group of aquatic pollutants [2]. The crux of the 
problem lies in the fact that these metals not only 
accumulate in waters and sediments but also concentrate 
in the tissues of the fish causing alterations at various 
functional levels of the organism.  Copper is one of 26 

essential trace elements occurring naturally in plant and 
animal tissues and its availability is influenced by 
physico-chemical, hydrodynamic and biological factors. 
It makes its way into the receiving waters by extensive 
use in agriculture apart from usage in various industries 
like textile, tanneries, paints, battery, laundry, 
photography, copper ware and piping for water 
distribution systems.  Copper ions are quite toxic to fish 
at various functional levels when environmental 
concentrations are increased [3].  
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Acute toxicity of a xenobiotic often can be very 
helpful in predicting and preventing acute damage to 
aquatic life in receiving waters as well as in regulating 
toxic waste discharges [4].  Gill architecture of fish is an 
important index in understanding the effect of heavy 
metals on the structural integrity of vital organs at 
cellular level.  Respiratory distress is one of the earliest 
manifestations of heavy metal toxicity [5].  The toxic 
effects may result from the bioconcentration of metals 
and their consequent binding with biologically active 
constituents of the body such as lipids, amino acids, 
enzymes and proteins [6].  Despite the essential role of 
copper in a number of vital biochemical processes 
including cellular respiration, the metal has the potential 
to exert adverse toxicological effects [7].  The metal is 
known to impair glycolysis in freshwater fish [8].  
Copper also acts as an enzyme activator as it is 
incorporated into enzymes like cytochrome oxidase, 
superoxide dismutase [9].  The activity of these enzymes 
is dependent on the adequate supply of metal but excess 
copper can also inhibit the activity of enzymes.  Copper 
due to its redox potential generates free radicals leading 
to oxidative stress, which damages cellular components 
like lipids by causing lipid peroxidation, DNA and 
proteins if not quenched by the antioxidants. The 
occurrence of such alterations in biochemical profiles 
has a great potential to serve as ‘biomarkers`.  

Fish has a great potential to serve as sensitive 
indicators, signalling exposure and understanding the 
toxic mechanisms of stressors in aquatic ecosystems.  
Less frequently studied are the implications of 
interrelated toxic effects on the survival, histology, 
physiology, biochemical constituents and behaviour 
caused by aquatic pollutants for fish populations.  To 
establish these effects a systematic evaluation was 
carried out on the above parameters in the present study 
using Esomus danricus exposed to lethal and sub-lethal 
concentrations of copper so that these responses can be 
employed as potential indicators of its toxicity in 
freshwaters.   

 
Materials and Methods 

 
Collection of Fish and Maintenance 

 
Esomus danricus were collected from Undasagar fish 

farm (Long 17°27’-78°27’15” and Lat 17°18’-
17°18’15”) located nearby Hyderabad for toxicity tests. 
The fishes were transported from the farm in oxygenated 
polythene bags to the laboratory and immediately 
transferred into glass aquaria of 100 l capacity 
containing well-aerated unchlorinated ground water.  
Fish were screened for pathological signs, if any and 
acclimated for a fortnight in the glass aquaria of 50 l 
capacity before the experiments. Rice bran was fed to the 
fish ad libitum during the acclimation period.  Healthy 
fish that showed active movements were only considered 
for the experimentation.   

 
Determination of Median Lethal Concentration (96h LC50

 ) 
 
Prior to the acclimation of fish, the physico-chemical 

characteristics of the dilution water were analyzed 

adopting standard protocols [4] owing to their role in 
determining the toxic potential of heavy metals. Renewal 
bioassay was adopted in the present study due to its 
advantages over other bioassay techniques.  This method 
has the advantage of replacing the toxicant solution 
afresh every 24h so that metabolic waste (ammonia) 
which itself is highly toxic can be removed, sustains 
copper bioavailability besides replenishment of dissolved 
oxygen. Desired concentrations of copper were derived 
by adding aliquots of 1% CuSo4.5H2O stock solution 
(prepared in double distilled water) and the dilution 
water in the test chambers was renewed and fresh 
solution of same concentration was added every 24h. 
Pilot experiments were conducted to choose 
concentrations that resulted in mortality of the fish 
within the range of 5% to 95%.   Fish measuring from 
4.6cm with a weight of 1.45g are used. The fish were 
starved 24h prior to and also during the course of the 
experiment.  Glass aquaria of 50 l capacity were used as 
test chambers and 30 fish were tested in each 
concentration.  The loading of fish in the test chambers 
was according to the recommendations [10]. No 
distinction was made between sexes.   

Definitive tests were later conducted using four 
concentrations of copper sulphate i.e. 2.5mg/L, 5.0mg/L, 
7.5mg/L and 10.0mg/L, which resulted in the mortality 
of the fish within the range of 5% to 95%.  Thirty fish 
were exposed to each concentration separately. Controls 
without toxicant were also run simultaneously. 
Behavioural manifestations and condition of the fishes 
were noted every 24h up to 96h. Between the 
experiments, the chambers were carefully washed to 
eliminate residual metal adsorption to walls. The fish 
that failed to respond even to strong tactile stimuli were 
considered dead and removed immediately.  The 
mortalility of fish was recorded for each concentration of 
the toxicant and the data was used to find the median 
lethal concentration (LC50) adopting probit analysis and 
the corresponding results were generated with 
computerized program [11].  The regression equations 
were calculated by the method of least squares and 96h 
LC50 value was derived from the equation. 

 
Histological Biomarkers 

 
Esomus danricus (length 4.6cm and weight 1.45gm) 

were exposed to 96h LC50 concentration of copper 
sulfate (5.5 mg/L) and sub lethal concentration of copper 
sulfate (0.55mg/L) for 96h. At the end of exposure 
period the fishes that survived were sacrificed and 
dissected carefully to isolate gill III tissue. The gills of 
control and exposed fishes were placed in saline and 
rinsed for 3 to 4 times thoroughly. They were placed on 
a glass slide and observed under a microscope (Polyvar, 
Reichert-Jung light microscope) attached to Ethovision-
version 2.3 (Noldus Information Technology, 
Netherlands) through a CCD camera (Sony CCD IRIS, 
Model No: SSC-M370CE). Instantly, the digital 
photographs were stored in the computer system. The 
magnification of the snaps was calibrated with the aid of 
ocular and stage micrometers (ERMA, TOKYO, 
JAPAN). 
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Physiological Biomarkers 
 

Metabolic Rate 
 
Fish (n=30) were exposed both to 5.5mg/L; 0.55mg/L 

and a range of concentrations of copper sulphate 
(1.5mg/L, 2.5mg/L, 5.0mg/L, 7.5mg/L and 10mg/L) that 
were used to determine the median lethal concentration 
and examined for any change in the metabolic rate and 
ventilation frequency over a period of 96h. Controls 
without toxicant were also run simultaneously.  The 
oxygen consumption of the fish was estimated by using a 
DO probe (Century, CD 501, India). In this method, 
oxygen probe containing an electrode is connected to the 
electronic meter, which displays the dissolved oxygen in 
the sample water at a specific temperature (25°C).  
Respiratory measurements were carried out as per the 
method [12].  A BOD bottle (300 ml) chamber was used 
as respiratory chamber, which was filled with tap water. 
The initial DO of the water was measured by introducing 
the probe into the respiratory chamber without any air-
bubbles. Fish were introduced into the bottle taking care 
to avoid air bubbles. The bottles were stoppered airtight 
and kept aside, undisturbed for an hour. At the end of 
one hour, the final DO of the water was measured using 
the DO probe and the fish were replaced into their 
corresponding aquaria, after each interval of exposure. 
This process was repeated for 5.5mg/L, 0.55mg/L and a 
range of concentrations viz., 1.5mg/L, 2.5mg/L, 
5.0mg/L, 7.5mg/L and 10.0mg/L. The experiments were 
repeated thrice and the arithmetic mean was considered. 
After the experiment, the wet weights of the fish were 
taken to calculate the metabolic rate. The amount of 
oxygen consumed by the fish in 1 h was expressed as mg 
O2/h and the metabolic rate as mg O2/g/h. The 
respiratory measurements were made in diffused 
daylight and the time of experiment was kept constant 
(11.00am to 3.00pm) to avoid the effect of time of day 
on the respiration of the fish. 

 
Ventilation Frequency 

 
The numbers of ventilation movements (opercular 

beats) were counted per 1 minute in the BOD bottle 
during the respiratory measurements. Performing the 
experiment in the BOD bottle aided in simultaneous 
determination of both the oxygen consumed and the 
ventilation rate of that particular fish.  

 
Biochemical Biomarkers 

 
Thirty fish were exposed both to 5.5mg/L and 

0.55mg/L concentrations of copper and examined for 
any change in the biochemical constituents over a period 
of 96h. Controls without the toxicant were also run 
simultaneously.  The fishes were sacrificed at the end of 
every 24h, blotted dry and weighed to the nearest mg.  
They were later dissected to isolate the gill and muscle 
tissues. The tissues were dried for 24h, at 50 0C to 
eliminate water.  The dried tissues were weighed to the 
nearest mg.  The tissues of control were also processed 
similarly for biochemical analysis.  The important 
biochemical biomarkers viz., total glycogen and total 

protein were analyzed as per the universally accepted 
protocols [13-14], respectively.  The data are subjected 
to Unpaired Student’s ‘t’ test [15].  P<0.05 was selected 
as the criterion for statistical significance. 

 
Enzyme Biomarkers 

 
In a separate set of experiments, fish (n=30) were 

exposed to 5.5 mg/L and 0.55 mg/L for a period of 96h. 
At the end of 24 and 96h of exposure viscera was 
isolated to carry out the enzyme assays.  The viscera are 
immediately homogenized (10% w/v) in 0.1Mphosphate 
buffer (Ph 7.5) using Potter- Elvehjam Homogenizer 
fitted with a Teflon pestle. The homogenates were 
centrifuged at 10,000-x g for 10 minutes.  The resultant 
supernatant of viscera was used as the enzyme source for 
the estimation of enzymes (antioxidants). All the enzyme 
preparations were carried out at 4°C.  

SOD activity in the viscera was estimated at the end 
of 24 and 96h of exposure [16]. A typical run for all the 
in vivo experiments in 96 well plates consisted of 220μl 
of Pyrogallol (C6H6O2) and 30μl of enzyme sample for 
each well. The colour that was developed was recorded 
continuously for 10 minutes in kinetic mode at 420 nm 
using a molecular device UV-spectrophotometer 
supported by soft max-pro-3 software. The percent 
change in SOD activity of exposed organisms was 
calculated based on the control values. SOD activity was 
calculated as O.D/min/mg protein. 

Catalase activity in the viscera was estimated at the 
end of 24 and 96h of exposure [17].  A typical run for all 
the in vivo experiments in 96 well plates consisted of 
1.0ml Hydrogen peroxide (H2O2 0.059M) in phosphate 
buffer, 1.95ml of distilled water and 50μl of enzyme for 
each well (extracted from control and Lc50 exposed 
organisms). The decrease in absorbance was measured 
immediately at 240nm using kinetic mode against 
distilled water blank with 10 seconds intervals for 2 
minutes in a molecular device UV- spectrophotometer 
supported by soft max-pro-3 software. The percent 
change in Catalase activity of exposed organisms was 
calculated based on the control values. CAT activity was 
calculated as O.D/min/mg protein. 

 
Results and Discussion 
 
Median Lethal Concentration 

 
The concentrations of CuSo4.5H2O tested in the 

present study were 1.5mg/L (Cu as 0.382mg/L), 2.5mg/L 
(Cu as 0.637mg/L, 5.0 mg/L (Cu as 1. 275mg/L), 
7.5mg/L (Cu as 1.912 mg/L) and 10.0mg/L (Cu as 
2.549mg/L). The mortality in different concentrations 
ranged from 6.66% (2.5mg/l) to 93.33% (10.0 mg/l) and 
is dependent on both time and concentration. 

Table 1 shows the physico-chemical characteristics of 
water used for acclimation, control and experiment.  The 
percentage mortality of Esomus danricus over 96h 
exposure at different concentrations of CuSo4.5H2O and 
the regression equation of the expected Probit (Y) and 
log concentration (X), 96h LC50 value, 95% confidence 
limits are presented (Table 2).  The 96h LC50 value for 
CuSo4.5H2O is found to be 5.5mg/L (Cu as 1.402mg/L) 
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and the 95% fiducial limits are 4.781mg/L (Cu as 1.219 
mg/L) to 6.229mg/L (Cu as 1.588 mg/L). The sub-lethal 
concentration 0.55mg/L (Cu as 0.1402mg/L) was 
derived as 1/10th of LC50 concentration.  

 
 Table 1: The physico-chemical characteristics of water 
used for acclimation, control and experiments   
 

S No Parameter Value 
1. P P

H 7.0 ± 0.5 

2. Temperature 26.0 OC – 27.0 OC 

3. Dissolved oxygen 6.0 –8.0 mg/L 

4. Hardness 220 mg/L 

5. Alkalinity 432 mg/L 

6. Sulphates 1.47 mg/L 

7. Chlorides 95.74 mg/L 

  
 

Table 2: Lethal Concentration (LC50) of Copper to 
Esomus danricus 
 

Regression 
Equation 

 

Y=(⎯y−b⎯x)+bx 

LC50 of Copper 
Sulphate Fiducial Limits 

 
-7.621+4.60 X 

5.5 ± 0.369 mg/L 
(Cu as 1.402 ± 0.09) 

4.781 to 
6.229mg/L 

(Cu as 1.219 to 
1.588). 

 
The reaction and survival of aquatic animals depend 

on not only the biological state of the animals and 
physico-chemical characteristics of water but also on 
kind, toxicity, type and time of exposure to the toxicant 
[18].  In the present study, the mortality increased with 
an increase in the concentration of the toxicant and also 
the duration of exposure. This is in agreement with 
earlier studies explaining the relationship between 
exposure duration, tissue residues, growth and mortality 
in rainbow trout (Oncorhyncus mykiss) juveniles’ sub- 
chronically exposed to copper [19]. Behavioural 
manifestations of acute toxicity like copious mucus 
secretion, loss of scales, grouping, loss of equilibrium 
was observed in Esomus danricus exposed to copper. 
Loss of swimming performance was also observed in 
brown trout, Salmo trutta exposed to sub lethal 
concentration of copper [20].  The effects of copper and 
zinc salts on Cyprinus carpio and Ctenopharyngodon 
idellus showed that the body and the gills of dead fish 
seemed to be covered by a veil-like film which looked 
like coagulated mucus and which was formed by the 
heavy-metal ions reacting with some constituents of the 
mucus secreted by the gill [21]. Heavy metal induced 
changes in physiology and survival of aquatic organisms 
is complicated because such changes differ from metal to 
metal, species to species and from one experimental 
condition to another which may also account for the 
differences in the 96h LC50 [22-23]. The exact causes of 

death due to heavy metal poisoning are multiple and 
depend mainly on time - concentration combinations. 

 
Gill Histology  

 
Figure 1 shows the histological structure of the 

normal gill characterized by the presence of primary 
lamellae along with secondary lamellae, shaft and rakers 
confirming the general architecture of the tissue.  Gills 
exposed to 5.5 mg/L of copper have shown that the metal 
affected the primary and secondary lamellae, rakers and 
shaft.  Figure 2 illustrates the degeneration of secondary 
gill lamellae with loss of original shape due to the onset 
of necrosis.  Fish gills exposed to 0.55 mg/L shown that 
copper exposure produced hyper secretion of mucous 
(Figure 3).   

 

 
 

   Figure 1 Control gill lamella of Esomus danricus 
 

 

Figure 2 Alterations in secondary gill lamellae exposed 
to 5.5mg/l of copper    

 

Figure 3 Alterations in gill of Esomus exposed to sub-
lethal concentration (0.55mg/L) ofcopper 
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The fish gill has very little protection other than the 
body cover – the operculum- and is susceptible to both 
physical and chemical damage. A common response of 
the gill to irritation from any irritant is hyperplasia due to 
the chemical or physical irritation as a form of 
protection. Secondary lamellae clumped together 
affecting gaseous exchange and respiration. No gaseous 
exchange can take place and the fish literally suffocates.  
Since gills are the respiratory and osmoregulatory organs 
of the fish, cellular damage induced by the metal in 
terms of atrophy, bulging, hyperplasia of interlamellar 
epithelia, separation of epithelial layer might have 
probably impaired the respiratory function of the gill by 
reducing surface area.  A thick coat of mucus covering 
entire gill filaments and lamellae was observed after 96h 
exposure to LC50 concentration of copper sulfate and the 
direct deleterious effect of the toxicant in the form of 
necrosis and abnormalities of gill lamellae is evident 
when compared to the control. The observed epithelial 
necrosis and rupture are direct responses induced by the 
action of copper sulfate. 

Whether the changes in gill lamellae observed in the 
present study are secondary or primary effects of copper 
sulfate is difficult to establish, atrophy, bulging and 
desquamation of secondary gill lamellae can be due to 
the metal induced toxicity.  A perusal of the available 
literature revealed that copper potentially damages the 
gill epithelium in a variety of fishes and it was indicated 
that the study of histology is a successful tool capable of 
revealing sensitively and selectively even the sub lethal 
effects of heavy metals on the environment and aquatic 
biota [24-28].  The changes in gill epithelia of Esomus 
danricus caused by copper may represent a defense 
response initially because these changes increase the 
distance across which copper must diffuse to reach the 
blood stream. They also increase the water-blood 
distance for oxygen diffusion whereas lamellar fusion 
reduces the respiratory area.  Ironically, it was reported 
that the mucus layer on the gill surfaces creates a 
microenvironment, which may act as an ion trap, 
concentrating trace elements from the water [29].  
Although Esomus has a reasonably large respiratory 
surface the changes observed in its gill tissue probably 
impaired branchial gas transfer, generating an internal 
hypoxia.  

 
Metabolic Rate  

 
Table 3 shows the effect of lethal and sub-lethal 

concentrations of copper sulphate on the metabolic rate 
of Esomus danricus.  It is clear from the results that the 
metabolic rate decreased while the percentage decrease 
from control increased with an increase in the exposure 
period from 24 to 96h to copper sulphate. The results of 
the ‘t’ test show that the decrease in the metabolic rate is 
highly significant with p<0.01 and p<0.001 at the end of 
each exposure period.  

The present investigation revealed a significant 
depression in the metabolic rate of Esomus danricus 
exposed to CuSO4.5H2O with respect to time. With 
increase in time duration of the experiment, the 
metabolic rate in each concentration showed a decrease. 
At the end of 24h, 48h, 72h and 96h, the metabolic rate 

showed significant decreases with increase in duration of 
exposure.  Decrease in oxygen consumption is attributed 
to the onset of hypoxia and gill damage while the 
ventilation frequency increased to flush out the toxicant 
from the body.  Reduced oxygen consumption can be 
attributed to increased mucous secretion, a specific 
property of copper to precipitate proteins and increase 
mucous secretion. As a result of gill damage, there is 
onset of acute hypoxia under metallic stress. The drop in 
the oxygen consumption also appears to be a protective 
mechanism to ensure that there is low intake of CuSO4.  
Architectural changes in the gills reduced their surface 
area, making it harder for the fish to extract oxygen from 
the water.  Copper causes damage to gill tissues and 
induces fish mortality by the excessive cell proliferation 
and mucous production.  Fish may asphyxiate due to 
excessive mucus [30]. Previous studies also reported that 
gills are vital respiratory and osmoregulatory organs and 
cellular damage induced by metals might impair the 
respiratory function of the fish by reducing the gill 
surface area [24-26, 31, 32].  

Fish exposed to 5.5 mg/L and 0.55 mg/L of CuSO4, 
respectively, showed a decrease in metabolic rate as a 
function of time. But the metabolic rate of sub-lethal 
exposed fish showed lesser percentage decreases from 
the control than compared to that of the fish exposed to 
lethal concentration. This phenomenon can be accounted 
due to the fact that the sub-lethal concentration is very 
low and the stress induced is less when compared to that 
of the lethal concentration. 

 
Ventilation Frequency 

 
Table 4 shows the effect of lethal and sub-lethal 

concentrations of copper sulphate on the ventilation 
frequency of Esomus danricus in both the control and 
exposed fish at the end of 24h, 48h, 72h and 96h along 
with the percent increase from control.  The ventilation 
rate and the percentage decrease from the control plotted 
against time is shown (Figure 4). The ventilation rate 
increased from control with an increase in the exposure 
period of 24h to 96h to fish exposed to lethal, sub-lethal 
and lower concentrations of 1.5 mg/L, 2.5mg/L and 
5.0mg/L of CuSO4. Interestingly, in higher 
concentrations of 7.5mg/L and 10.0mg/L there was an 
initial increase in the ventilation frequency up to 48h and 
exhibited a significant drop at the end of 72 and 96h. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Effect of lethal and sub-lethal concentrations 
of copper on the ventilation frequency in Esomus  

 



Int. J. Environ. Res. Public Health 2005, 2(1) 
 

68

 
Table 3: Effect of Lethal and Sub-lethal concentrations of copper sulphate on the metabolic rate (mg O2/g/h) 
Esomus danricus at the end of 24h, 48h, 72h and 96h. 
  

Metabolic Rate 
mg O2/g/h 

 
Conc. of 

Cuso4.5H2o 
 

 
Period of Exposure Control 

⎯X ± SD 
Experiment 
⎯X ± SD 

% Change ‘t’ value Result 

5.5 mg/L 

24 h 
 

48 h 
 

72 h 
 

96 h 
 

2.87 ± 0.24 

2.46 ± 0.08 
 

2.42 ± 0.03 
 

2.04 ± 0.12 
 

1.72 ± 0.02 

-14.28 
 

-15.67 
 

-28.91 
 

-40.07 

3.6155 
 

4.2571 
 

7.0452 
 

10.9305 

P<0.01 
 

P<0.01 
 

P<0.001 
 

P<0.001 

0.55 mg/L 
 

24 h 
 

48 h 
 

72 h 
 

96 h 
 

2.87± 0.24 
 

2.08 ± 0.14 
 

2.76 ± 0.22 
 

2.45 ± 0.07 
 

2.16 ± 0.05 

-2.44 
 

-3.83 
 

-14.63 
 

-24.74 

0.5686 
 

0.7607 
 

3.8321 
 

6.6003 

P>0.05 
 

P>0.05 
 

P<0.05 
 

P<0.001 

 
 

 

Table 4: Effect of Lethal and Sub-lethal concentrations of copper sulphate on the ventilation frequency (beats/min) of 
Esomus danricus at the end of 24h, 48h, 72h and 96h. 
 

Ventilation frequency 
(beats/min) Conc. Of 

Copper Period of Exposure 
Control 
⎯X ± SD 

Experiment 
⎯X + SD 

% Change ‘t’ Value Result 

5.5 mg/L 

24 h 
 

48 h 
 

72 h 
 

96 h 

115 ±  6.20 

69 ± 10.25 
 

74 ± 8.86 
 

96 ± 12.83 
 

108 ± 8.60 

-6.09 
 

-16.52 
 

-35.65 
 

-40.00 

1.4768 
 

2.9840 
 

8.7674 
 

8.5927 

P>0.05 
 

P<0.05 
 

P<0.001 
 

P<0.001 

0.55 mg/L 
 

24 h 
 

48 h 
 

72 h 
 

96 h 

115 ±  6.20 

84 ± 7.18 
 

88 ± 9.03 
 

108 ± 9.17 
 

114 ± 11.64 

-0.87 
 

-6.09 
 

-23.48 
 

-26.96 

0.1734 
 

1.4152 
 

5.5153 
 

7.3120 

P>0.05 
 

P>0.05 
 

P<0.001 
 

P<0.001 

 
 

 

As a result of gill damage, the oxygen consumption 
decreased which caused the fish more stress. In order to 
make more oxygen available from the water, the fish 
increase the rate at which they ventilate their gills [27-
28]. When fish pump water across their gills at a faster 
rate, more oxygen is available for uptake. Therefore, a 
link between the ventilation rate and oxygen 
consumption was observed. Because of gill damage, 
there was a decrease in oxygen consumption with an 
increase in ventilation frequency to overcome the metal 
induced stress. The increase in ventilation frequency can 
also be attributed to physiological stress induced by the 
toxicant. Because CuSO4 induces mucous secretion, a 
layer of thick mucous reduced the uptake of oxygen by 
covering the gills and as a result, the ventilation rate 
increased. The decrease in the ventilation frequency after 
an initial increase in the higher concentrations (7.5 mg/L 
and 10 mg/L) can be attributed to the fact that the stress 
induced in the fish due to the toxicant at the end of 96h 
exposure was so high that the fish could not tolerate any 

longer and perished.  Decreased ventilation frequency in 
higher concentrations was due to the failure of the 
homeostatic mechanism to cope up with the increasing 
metal load (Figure 5) 

 

 
Figure 5: Effect of various concentrations of copper on 
Ventilation frequency in Esomus. 
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Biochemical Biomarkers  
 
The total glycogen and total protein contents 

expressed as mg per gram dry weight of the tissues, gills

and muscle of Esomus danricus exposed to lethal and 
sub lethal concentrations of copper and control at the end 
of every 24h up to 96h are presented (Tables 5- 8). 

 
 

Table 5: Total Glycogen content in gills of fish exposed to 5.5mg/L and 0.5 mg/L of CuSo4.5H2O and control at the 
end of every 24h exposure and up to 96h. 
 
Concentration of the 

Toxicant (mg/L) 
Duration of 
Exposure (h) 

Control⎯X ± SD 
(mg/g dry wt of Tissue)

Experiment⎯X ± SD 
(mg/g dry wt of Tissue) % Change Result 

5.5 
(n=5) 

24 
 

48 
 

72 
 

96 

4.96 ± 0.431 
 

4.96 ± 0.431 
 

4.96 ± 0.431 
 

4.96 ± 0.431 

4.57 ± 0.289 
 

4.47 ± 0.069 
 

4.33 ± 0.209 
 

4.12 ± 0.116 

-7.863 
 

-9.879 
 

-12.702 
 

-16.935 

P>0.05 
 

P<0.05 
 

P<0.01 
 

P<0.01 

0.55 
(n=5) 

24 
 

48 
 

72 
 

96 

4.96 ± 0.431 
 

4.96 ± 0.431 
 

4.96 ± 0.431 
 

4.96 ± 0.431 

4.78 ± 0.173 
 

4.54 ± 0.302 
 

4.53 ± 0.135 
 

4.27 ± 0.160 

-3.629 
 

-8.467 
 

-8.669 
 

-13.911 

P> 0.05 
 

P>0.05 
 

P>0.05 
 

P<0.01 

 
 

Table 6:  Total Glycogen content in muscle of fish exposed to 5.5mg/L and 0.5 mg/L of CuSo4.5H2O and control 
at the end of every 24h exposure and up to 96h. 

 

S No Concentration of 
Toxicant (mg/L) 

Duration of 
Exposure  (h)

Control⎯X ± SD 
(mg/g dry wt of Tissue)

Experiment⎯X ± SD 
(mg/g dry wt of tissue) % Change Result 

1. 
 

2. 
 

3. 
 

4 

5.5 
(n=5) 

 

24 
 

48 
 

72 
 

96 

11.75 ± 0.554 
 

11.75 ± 0.554 
 

11.75 ± 0.554 
 

11.75 ± 0.554 

11.49 ± 0.195 
 

11.46 ± 0.358 
 

10.90 ± 0.272 
 

10.82 ± 0.208 

-2.213 
 

-2.468 
 

-7.234 
 

-7.915 

P>0.05 
 

P>0.05 
 

P<0.01 
 

P<0.01 

5. 
 

6. 
 

7. 
 

8 

0.55 
(n=5) 

 
 
 

24 
 

48 
 

72 
 

96 

11.75 ± 0.554 
 

11.75 ± 0.554 
 

11.75 ± 0.554 
 

11.75 ± 0.554 

11.70 ± 0.212 
 

11.59 ± 0.435 
 

11.54 ± 0.261 
 

11.38 ± 0.173 

-0.425 
 

-1.362 
 

-1.787 
 

-3.149 

P>0.05 
 

P>0.05 
 

P>0.05 
 

P>0.05 

 
 
Table 7:  Total Protein content in gills of fish exposed to 5.5mg/L and 0.5 mg/L of CuSo4.5H2O and control at the 
end of every 24h exposure and up to 96h. 

 

S No Concentration of 
toxicant (mg/L) 

Duration of 
exposure (h) 

Control⎯X ± SD 
(mg/g dry wt of tissue) 

Experiment⎯X ± SD 
(mg/g dry wt of tissue) % Change Result 

1. 
 

2. 
 

3. 
 

4. 

5.5 
(n=5) 

 

24 
 

48 
 

72 
 

96 

14.88 ± 0.535 
 

14.88 ± 0.535 
 

14.88 ± 0.535 
 

14.88 ± 0.535 

13.75 ± 1.662 
 

12.30 ± 0.964 
 

11.76 ± 0.513 
 

11.50 ± 0.352 

-7.594 
 

-17.338 
 

-20.967 
 

-22.715 

P>0.05 
 

 P<0.001 
 

P<0.001 
 

P<0.001 
5. 

 

6. 
 

7. 
 

8. 

0.55 
(n=5) 

24 
 

48 
 

72 
 

96 

14.88 ± 0.535 
 

14.88 ± 0.535 
 

14.88 ± 0.535 
 

14.88 ± 0.535 

14.75 ± 0.172 
 

14.50 ± 0.467 
 

13.75 ± 1.66 
 

13.50 ± 0.364 

-0.874 
 

-2.554 
 

-7.594 
 

-9.274 

P>0.05 
 

P>0.05 
 

P>0.05 
 

P<0.01 
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Table 8:  Total Protein content in muscle of fish exposed to 5.5mg/L and 0.5 mg/L of CuSo4.5H2O and control at 
the end of every 24h exposure and up to 96h. 

 

S No Concentration of 
toxicant (mg/L) 

Duration of 
Exposure  (h) 

Control⎯X ± SD 
(mg/g dry wt of tissue)

Experiment⎯X ± SD 
(mg/g dry wt of tissue) % Change Result 

1. 
 

2. 
 

3. 
 

4. 

5.5 
(n=5) 

 

24 
 

48 
 

72 
 

96 

23.5 ± 1.893 
 

23.5 ± 1.893 
 

23.5 ± 1.893 
 

23.5 ± 1.893 

22.80 ± 0.808 
 

22.46 ± 0.716 
 

20.84 ± 2.586 
 

20.12 ± 2.059 

-2.979 
 

-4.426 
 

-11.319 
 

-14.383 

P>0.05 
 

P>0.05 
 

P>0.05 
 

P<0.05 

5. 
 

6. 
 

7. 
 

8. 

0.55 
(n=5) 

 

24 
 

48 
 

72 
 

96 

23.5 ± 1.893 
 

23.5 ± 1.893 
 

23.5 ± 1.893 
 

23.5 ± 1.893 

23.3  ± 1.186 
 

22.95 ± 0.712 
 

21.50 ± 0.732 
 

21.39 ± 0.853 

-0.851 
 

-2.340 
 

-8.511 
 

-8.979 

P>0.05 
 

P>0.05 
 

P>0.05 
 

P>0.05 

 
 
 
Glycogen 
 
Gills 

 
Table 5 shows the total glycogen content in gills of 

the fish exposed to lethal and sub lethal concentrations of 
copper.  The total glycogen content in the gills of the fish 
exposed to lethal (5.5mg/L) concentration was 4.57mg, 
4.47mg, 4.33mg and 4.12 mg and sub-lethal (0.55mg/L) 
concentration was 4.78mg, 4.54mg, 4.53 mg and 4.27 
mg, showing a decrease of 7.863%, 9.879%, 12.702% 
and 16.935% in gills of fish exposed to 5.5mg/l and 
3.629%, 8.467%, 8.669% and 13.911% in gills of fish 
exposed to 0.55mg/L from control at the end of 24, 48, 
72 and 96h, respectively. The‘t’ test values show that the 
decrease of glycogen content from control in gills of fish 
exposed to 5.5mg/L is significant at the end of 48h 
(p<0.05) 72h and 96h (p<0.01) exposure periods 
whereas the decrease of the same in gills of fish exposed 
to 0.55mg/L is significant only at the end of 96h 
(p<0.01). 

 
Muscle 

 
Decrease in total glycogen content was also observed 

in muscle of the fish exposed to lethal, sub lethal and 
other concentrations of copper.  Table 6 shows that 
glycogen in muscle of fish exposed to 5.5 mg/L was 
11.49 mg, 11.46 mg, 10.90 mg and 10.82 mg and that of 
the same in muscle of fish exposed to 0.55 mg/L was 
11.70 mg, 11.59 mg, 11.54 mg and 11.38 mg at the end 
of every 24h exposure and up to 96h showing a decrease 
of 2.213%, 2.468%, 7.234% and 7.915% in 5.5 mg/l and 
3.629%, 8.457%, 8.669% and 13.911% in 0.55 mg/L 
from control at the end of 24, 48, 72 and 96h, 
respectively. Statistical analysis show that the decrease 
in total glycogen content in muscle of fish exposed to 5.5 
mg/L is significant (P<0.01) at the end of 72 h and 96 h 
while the decrease of the same in muscle of fish exposed 
to 0.55 mg/L is insignificant. 

 
Total Protein 
 
Gills 

 
The total protein content in gills of the fish exposed 

to lethal and sub lethal concentrations of copper are 
presented (Table 7).  In gills of fish exposed to 5.5 mg/L, 
the total protein content was 13.75 mg, 12.30 mg, 11.76 
mg and 11.50 mg and that of gills of fish exposed to 0.55  
mg/L was 14.75 mg, 14.50 mg, 13.75 mg and 13.50 mg 
at the end of every 24h exposure period and up to 96h. A 
decrease of 7.594%, 17.338%, 20.967% and 22.715% in 
5.5 mg/l and 0.874%, 2.554%, 7.594% and 9.274% in 
0.5 mg/l was observed from control at the end of 24, 48, 
72 and 96h, respectively. The ‘t’ test results show that 
the decrease in the gills of the fish exposed to 5.5 mg/L 
is significant (p<0.01) at the end of 48, 72 and 96h while 
this decrease is significant only at the end of 96h in gills 
of fish exposed to 0.55 mg/L.        

 
Muscle 

 
Table 8 shows the protein content in muscle of fish 

exposed to 5.5 mg/L and 0.55 mg/L of copper. Protein 
content in muscle of fish exposed to 5.5 mg/l was 22.8 
mg, 22.46 mg, 20.84 mg and 20.12 mg and that of fish 
exposed to 0.55 mg/L was 23.3 mg, 22.95 mg, 21.50 mg 
and 21.39 mg at the end of 24, 48, 72 and 96h, 
respectively. A decrease of 2.979%, 4.426%, 11.319% 
and 14.383% in 5.5 mg/l and 0.8511%, 2.340%, 8.511% 
and 8.979% in 0.55 mg/L was observed at the end of 24, 
48, 72 and 96h, respectively. The results of the ‘t’ test 
show that the decrease in total protein content in muscle 
of fish exposed to 5.5 mg/L is significant (p< 0.05) at the 
end of 96h and that of fish exposed to 0.55 mg/L is 
insignificant. 

It is evident that copper is highly toxic to the fish and 
the decrease in biochemical biomarkers viz., total 
glycogen and total protein content in gills and muscle of 
fish exposed 5.5 mg/L and 0.55 mg/L concentrations of 
copper demonstrated a linear and positive correlation 
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with the concentration and duration of exposure 
indicating that the decrease in biochemical constituents 
is time and dose dependent.  

Total glycogen content of Esomus danricus was 
depleted due to copper toxicity. Similar trends were also 
observed in other investigations on copper toxicity to 
freshwater fish.  Copper was found to impair glycolysis 
in Labeo rohita [8].  A depletion of glycogen and 
phosphocreatine in the white muscle was observed in 
brown trout Salmo trutta exposed to sub-lethal 
concentration of copper in soft acidic water [20]. 
Decrease in glycogen level in liver of Oreochromis 
niloticus was reported with an increase in copper 
concentration in water [33].  The levels of carbohydrates 
and glycogen in aquatic organisms reveal their 
involvement in the endogenous derivation of energy 
during stress. Rapid depletion of muscle and liver 
glycogen reserves in order to compensate the energy 
needs of fish under acute metallic stress was also 
reported [39, 40].  A consistent decrease in the tissue 
glycogen reserves observed in this study suggests 
impaired glycogenesis. Further, the decline in the 
glycogen content might be partly due to its utilization in 
the formation of glycoproteins and glycolipids, which 
are essential constituents of various cell and other 
membranes.  Decline in the glycogen content of the 
tissues of Esomus danricus may be due to its enhanced 
utilization since glycogen forms the immediate source of 
energy to meet the energy demands under metallic stress.   
It might be also due to the prevalence of hypoxic or 
anoxic conditions, which normally enhances glycogen 
utilization. Our studies revealed that copper triggers the 
onset of hypoxia in Esomus danricus. The enhanced 
utilization of glycogen and its consequent depletion in 
the tissues, therefore suggests the initiation of anaerobic 
glycolytic pathway by increased glycogenolysis as has 
been suggested [37].  

There was also depletion in the total protein content 
in gills and muscle of Esomus danricus exposed to 
copper. Protein content can be taken as a biomarker of 
copper level. The decrease in the tissue proteins 
observed in the gills and muscle (Tables 5-8) could be 

partly due to their utilization in cell repair and tissue 
organization with the formation of lipoproteins, which 
are important cellular constituents, occurring in cell 
membranes and cell organelles present in cytoplasm. 
Direct utilization of proteins as immediate source of 
energy to meet the energy demands also cannot be ruled 
out [42]. The effects of metals may result from their 
binding with biological constituents of the body such as 
lipids, amino acids, enzymes and proteins [6]. The 
depletion in tissue proteins may be due to impaired or 
low rate of protein synthesis under metallic stress [43] or 
due to their utilization in the formation of mucoproteins, 
which are eliminated in the form of mucous. The 
depletion in protein may result in further modification of 
enzyme activity (stimulation or inhibition).   Changes in 
protein content may also modify signal transfer in cells. 
Also attack on proteins can lead to the modification of 
amino acids, oxidation of sulphydryl groups, leading to 
conformational changes, cross linking, peptide bond 
cleavage as well as carbohydrate modification in 
glycoproteins.  It can be substantiated that glycogen and 
protein contents under metallic stress in fish can be 
effectively employed as biomarkers for rapid assessment 
of heavy metal toxicity in bio monitoring of aquatic 
environments. 

 
Enzyme Biomarkers 

 
Table 9 illustrates the activity of superoxide 

dismutase and catalase in the viscera of the fish exposed 
to lethal and a sub lethal concentration of CuSO4.5H2O, 
respectively. The results show that there was significant 
decrease (p<0.001) in the   activity of superoxide 
dismutase in the viscera of the fish exposed to lethal and 
sub lethal concentrations of copper for 96h.  There was 
significant (p<0.001) decrease in the Catalase activity in 
viscera of the fish exposed to lethal and sub-lethal 
concentrations of CuSO4.5H2O for both 24 and 96h.  
From the results it is evident that there is decrease in the 
antioxidant enzymes activity in the fish exposed to lethal 
and sub-lethal concentrations of CuSO4.5H2O.   

 
 

Table 9:  SOD and CAT activities in the viscera of fish exposed to 5.5mg/L and 0.5 mg/L of CuSo4.5H2O and control at 
the end of every 24h exposure and 96h. 

 

Concentration of 
Toxicant (mg/L) 

Duration of 
Exposure  (h) Enzyme Assayed Control⎯X ± SD 

(mg/g dry wt of Tissue)
Experiment⎯X ± SD 

(mg/g dry wt of Tissue) % Change Result 

5.5 
(n=5) 

 

24 
 

24 
 

96 
 

96 

SOD 
 

CAT 
 

SOD 
 

CAT 

0.513 ±  0.08 
 

2.44 ±  0.10 
 

0.513 ±  0.08 
 

2.44  ± 0.10 

0.48 ±  0.03 
 

1.65 ±  0.02 
 

0.201 ±  0.02 
 

0.693   ± 0.04 

-6.43 
 

-32.78 
 

-60.83 
 

-71.57 

P>0.05 
 

P<0.05 
 

P<0.001 
 

P<0.001 

± 0.55 
(n=5) 

 

24 
 

24 
 

96 
 

96 

SOD 
 

CAT 
 

SOD 
 

CAT 

0.175 ±  0.08 
 

0.329 ±  0.08 
 

0.175 ±  0.08 
 

0.329   ± 0.08 

0.169 ±  0.001 
 

0.281 ±  0.008 
 

0.95 ±  0.007 
 

0.125   ± 0.010 

-3.42 
 

-14.58 
 

-45.37 
 

-61.75 

P>0.05 
 

P<0.01 
 

P<0.001 
 

P<0.001 
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This decrease increased with duration of exposure and 
concentration of the metal.  Appreciable decline in SOD 
activity in the viscera of silver fish, Esomus danricus 
was found under the impact of Cu toxicity when exposed 
to lethal and sub lethal concentrations for 96h.  The 
decrease in the activity of the enzyme SOD could be due 
to its inhibition by excess production of ROS, decreased 
uptake in the diet, alteration in the gene expression or 
due to protein precipitation [45, 46]. 

Catalase activity declined significantly in the viscera 
of silver fish, Esomus danricus exposed to lethal and sub 
lethal concentrations for both 24 and 96h. The decrease 
in the Catalase activity could be due to its inactivation by 
Superoxide radical or due to decrease in the rate of 
reaction as a result of excess production of H2O2.  Earlier 
reports attributed the inhibition of catalase activity due to 
Superoxide radical and demonstrated the synergism 
between the SOD and Catalase [47].  A decrease in the 
activity of catalase is due to excess free radical 
production by Cu, which results in accumulation of O2-, 
and H2O2, which in addition to direct generation by Cu is 
also produced by dismutation of O2- by superoxide 
dismutase. The H2O2 produced reacts with O2- to form 
more reactive ROS like OH, which damages the cellular 
components like DNA, proteins and lipids.  Our studies 
also revealed a significant decrease in protein profiles of 
the fish, which substantiates the findings of the present 
study.  A consistent decrease in the antioxidant enzyme 
levels was observed in the study suggesting that there is 
impaired antioxidant defense mechanism due to excess 
generation of oxy radicals by Cu. Further, decline in 
antioxidant levels might also be due to overproduction of 
ROS which creates a net increase in the amount of 
oxygen free radicals present in the cell.  Antioxidants 
like SOD act as primary preventive inhibitor by 
catalyzing the conversion of superoxide anion (O2-) to 
H2O2 and O2 and scavenge the O2 produced by rapid 
dismutation reaction. Catalase functions to rapidly 
dismutase H2O2 to water and oxygen [48]. Therefore any 
significant reduction in these antioxidant levels results in 
lipid peroxidation, as normal levels of antioxidants 
produced could not quench the excess free radicals 
generated. The findings of the present study clearly 
demonstrated that enzymatic biomarkers like SOD and 
CAT in fish can be effectively used for rapid assessment 
of copper toxicity in biomonitoring of aquatic 
environment. 

 
Conclusions 

 
Copper is found to be highly toxic to Esomus 

danricus and induced gross alterations in the gill 
architecture, significant decrease in metabolic rate, 
biochemical constituents like glycogen and proteins and 
also key antioxidant enzymes superoxide dismutase and 
catalase suggesting that the metal exerts its effect at 
various functional levels of organization as a function of 
time with more pronounced changes occurring in the 
lethal exposures.  These parameters could be effectively 
used as potential biomarkers of copper toxicity to the 
freshwater fish in the field of environmental 
biomonitoring.  
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	Abstract: Living in an environment that has been altered considerably by anthropogenic activities, fish are often exposed to a multitude of stressors including heavy metals. Copper ions are quite toxic to fish when concentrations are increased in environmental exposures often resulting in physiological, histological, biochemical and enzymatic alterations in fish, which have a great potential to serve as biomarkers. Esomus danricus was chosen as model in the present study and the metabolic rate, gill morphology, total glycogen, total protein, superoxide dismutase and catalase were critically evaluated.  The 96h LC50 value was found to be 5.5mg/L (Cu as 1.402mg/L). Fish groups were separately exposed to lethal (5.5mg/L) and sub lethal concentrations (0.55 mg/L) of copper sulphate over a period of 96h to examine the subtle effects caused at various functional levels.  Controls were also maintained simultaneously.   Significant decrease in the metabolic rate (p<0.001) of the fish was observed in both the concentrations studied.  Studies employing Automated Video Tracking System revealed gross changes in the architecture of gill morphology like loss, fusion, clubbing of secondary gill lamellae, and detachment of gill rakers following softening of gill shaft in fish under lethal exposures indicating reduced respiratory surface area.  Biochemical profiles like total glycogen and total protein in gills and muscle of fish exposed to 5.5 mg/L showed appreciable decrease (p<0.05 to 0.001) from control. Significant inhibition of superoxide dismutase (60.83%), catalase (71.57%) from control was observed in fish exposed to 5.5 mg/L at the end of 96h exposure only.  Interestingly, in fish exposed to 0.55 mg/L enzyme activity is not affected except for catalase.  Toxic responses evaluated at various functional levels are more pronounced in fish exposed to 5.5mg/L and these can serve as potential biomarkers for rapid assessment of acute copper toxicity in environmental biomonitoring.  
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	Figure 5: Effect of various concentrations of copper on Ventilation frequency in Esomus. 
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