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ABSTRACT

Copper is a significant trace element necessary for the normal growth and metabolism of 
living organisms. However, this element may become very dangerous if used beyond its 
limit, turning into continuous metal compounds with the ability to accumulate in water 
and cause imbalance to the biological system. Aquaculture activities can also be affected 
due to the increase in environmental pollution. Copper is observed with the ability to cause 
some deleterious effects on fish by its toxicity, which can be evaluated from the molecular 
and structural level of the organism. This is because fish is one of the aquatic organisms 
that are able to accumulate heavy metals in their tissue. Generally, this accumulation 
is influenced by several factors namely, metal concentration, time of exposure, ways 
of metal uptake, environmental condition (water temperature, pH) and intrinsic factors 
(fish age, size). Different organs of fish show different affinity to copper accumulation. 

Therefore, this review was conducted with 
the purpose of investigating the harmful 
effects of copper on fish as a result of the 
accumulation of copper in fish organs and 
the histopathological alteration encountered 
in fish. 

Keywords: Bioaccumulation, copper contamination, 
environmental pollution, fish, histopathological 
effects, toxicity
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INTRODUCTION

Heavy metal pollution in rivers has been 
observed as a serious concern as it is 
increasing steadily throughout the world 
each year. This is due to the release of 
pollutants from the various sources of 
industrial, agricultural and mining waste 
such as leaching of mineral and soil 
erosion as well as anthropogenic activities 
either directly or indirectly into the aquatic 
system. This has resulted in disruption to 
ecological balance of different systems 
(Joshi, 2011). Heavy metal pollution is 
unsafe for all living organisms, including 
aquatic organisms and humans. Aquatic 
systems are specifically more sensitive 
to heavy metal pollution, and the level of 
such metals in aquatic environments due to 
anthropogenic sources is rising (Ashraf et 
al., 2012). 

Fish is an aquatic organism of 
high economic value that responds 
to environmental changes. Thus, it is 
extremely suitable to be utilised as an 
indicator for pollution studies. Moreover, 
fish is a good bioaccumulator as it has 
the optimum size for analysis and a long 
lifespan and is easily obtained in large 
quantity to be sampled for accumulated 
metals (Ashraf et al., 2012; Batvari et 
al., 2008). Bioaccumulation is a process 
where chemicals infiltrate an organism 
either through exposure to a contaminated 
medium or through consumption of 
food containing the chemicals (Perera 
et al., 2015). Bioaccumulation in fish 
usually occurs when it is exposed to 
chemical pollutants, including heavy 

metals, especially copper. Once the 
chemical pollutants enter the fish’s body, 
it can damage and weaken the mechanism 
concerned, which leads to physiological, 
pathological and biochemical alterations. 
In addition, copper in a toxic form might 
serve as a stressor agent for fish that can 
inhibit several biological functions and 
cause some histopathological alterations 
(Sabullah et al., 2014). In conjunction 
with this statement, Monteiro et al. (2012) 
also mentioned that copper toxicity may 
disrupt biochemical functions and cellular 
morphology. 

Hence, it is essential that the levels of a 
contaminant are determined and the water 
quality criteria are analysed to produce 
an accurate conclusion on pollutant 
exposure in fish. Biological measurement, 
also known as a biomarker, is one of the 
best steps for evaluating the presence 
of pollutant exposure and its impact 
on the cells of fish. This is because the 
abnormalities caused by copper in fish may 
result in cellular and histological changes. 
These histopathological alterations are 
then used to indicate the condition of the 
environment and represent time-integrated 
endogenous and exogenous impact on the 
organism stemming from alterations at 
the lower level of biological organisation 
(Paulo et al., 2012). Histopathological 
changes in animal tissue especially fish are 
powerful indicators for prior exposure of 
aquatic environmental stressors. Besides 
that, histopathology can give the net result 
of adverse biochemical and physiological 
changes in an organism as it allows the 
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identification of specific target organs, cells 
and organelles infected in vivo. According 
to Reddy (2012) and Hinton and Lauren 
(1990), histopathology is often the easiest 
method of assessing both short- and long-
term toxic effects for field assessment. 
Abubakar et al. (2014) further added that 
the advantage of using histopathological 
biomarkers in environmental monitoring 
is that this category of biomarkers allows 
the changes on specific target organs to be 
tested. 

In recent years, chemical 
biomonitoring and histopathology have 
often been combined with the evaluation of 
biomarkers representing early indicators of 
biological effects. Driven by the increase in 
environmental pollution, the utilisation of 
fish as a biomarker has attracted a growing 
interest in pollution studies; thus, the need 
to develop physiological, histopathological 
and biochemical biomarkers that are able 
to indicate stress on organisms exposed 
to toxicants in the environment has also 
become urgent. Therefore, this review is 
focussed on the adverse effects of copper on 
bioaccumulation and on histopathological 
studies with the aim of elucidating the 
most pronounced alteration induced by 
toxicants on aquatic organisms and their 
environment.

Copper

Copper is a very toxic metal that is 
often considered poisonous even at low 
concentration, but is highly demanded 
by industry. Apparently, the demand for 
copper continues to increase annually as it 

is used in water pipelines, intelligent houses 
and buildings, electrical motors, power 
lines, electrical appliances, healthcare, 
environment-related industries, computers 
and communication devices. According 
to AQM COPPER INC, the outlook for 
copper is greatly focussed in China, where 
copper consumption is increasing as a 
result of overall economic growth. This 
has further increased the use of copper 
in industry, while increasing copper 
contamination of the environment. Besides 
industrial use, copper also plays a vital 
role in the metabolic function of organisms 
such as vertebrate and invertebrate animals 
(Ajani & Akpoilih, 2010; Bambang et al., 
1995), plants (Ahsan et al., 2007) and both 
prokaryotes and eukaryotes (Balamurugan 
& Schaffner, 2006). In fact, it is also an 
essential micronutrient required for body 
metabolism. 

There are various functions 
demonstrated by copper in every organism 
where its importance in the metabolic 
processes and cellular biochemistry 
includes its vital role in cellular respiration. 
Copper also acts as a catalytic co-factor 
for at least 12 major proteins (Bambang 
et al., 1995) and 30 different enzymes 
(Ajani & Akpoilih, 2010) responsible for 
countless metabolic processes required 
to sustain life. Some examples of these 
enzymes are those indispensable in cellular 
activities for signal transduction and cell 
regulation such as superoxidase dismutase 
(for protection against free radicals), 
cytochrome c oxidase (mitochondrial 
electron transport chain), tyrosinase (for 
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pigmentation), peptidylglycine alpha-
amidating mono-oxygenase (neuropeptide 
and peptide hormone processing), lysyl 
oxidase (collagen maturation), dopamine 
B-hydroxylase and monoamine oxidase 
(Ajani & Akpoilih, 2010; Balamurugan 
& Schaffner, 2006). Besides that, copper 
in the form of copper sulphate is also 
important for the aquatic environment as it 
can be utilised to control algae and kill slugs 
and snails in irrigation water systems and 
municipal water treatment systems and it 
is used in therapeutic chemicals for various 
ectoparasitic and bacterial infections 
(Sabullah et al., 2014; Shuhaimi-Othman 
et al., 2010; Wani et al., 2013).

Copper Toxicity and Distribution in 
Living Organisms

In terms of toxicity, both copper excess 
and copper deficiency could disrupt 
healthy metabolic function by creating 
mineral imbalance in metabolic processes. 
Thus, having the proper level and ratio 

of minerals is crucial for good health. 
However, Ajani and Akpoilih (2010) found 
that copper is a heavy metal with a density 
greater than 5 g/cm3, causing it to be 
categorised as a toxic and poisonous heavy 
metal in relatively high concentrations. In 
support of this, Hellawell (1986) stated 
that copper is a metal that is highly toxic 
after mercury according to its position in 
the periodic table as shown in Figure 1. 
Generally, the toxicity of copper occurs 
when copper enters the cells and binds to 
proteins and nucleic acids within the cells, 
disrupting normal cellular function. Copper 
is able to shift between Cu2+ and Cu1+ 
oxidation states within the cells, and this 
action allows it to precipitate in the Fenton 
reaction to form free radicals like the highly 
destructive hydroxyl radical (Balamurugan 
& Schaffner, 2006). Copper is a non-
biodegradable compound that cannot be 
degraded once it begins cellular functions. 
However, it can be easily assimilated and 
bio-accumulated in the organs and cellular 
functions (Ajani & Akpoilih, 2010). 

Figure 1. Periodic table on toxicity level of heavy metals (Source:  Hellawell, 1986)
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Toxicity in Aquatic Organisms

The presence of copper in water or an 
aquatic environment occurs through several 
pathways including mining activities, the 
discharge of industrial and agricultural 
waste and runoff from mineral deposits. 
Kamaruzzam et al. (2008) stated that the 
level of copper in an aquatic environment 
is caused by the loading and off-loading 
of fish, cleaning of boats and ships, 
ballasting, painting and repairing boats, 
large ships and cargo. These problems 
may contribute to the contamination of 
fresh water systems, causing an adverse 
impact on aquatic organisms as well as on 
human health (Farombi et al., 2007). It is 
known that copper cannot be destroyed or 
degraded through biological degradation 
and that it has the ability to accumulate in 
aquatic organisms, especially fish. Thus, it 
causes toxicants to be deleterious to aquatic 
environments and consequently, to the 
humans who depend on aquatic products 
as a food source. 

Copper can easily accumulate in 
the tissue of aquatic animals, especially 
fish as they are the final trophic link of 
the hydro ecosystem (Balambigai & 
Aruna, 2011; Cepanko et al., 2010). 
Several studies have been conducted on 
the accumulation of copper in aquatic 
organisms, especially fish and crustaceans 
including shrimp (Balambigai & Aruna, 
2011; Bambang et al., 1995; Cunha et al., 
2007; Franciscato et al., 2009; Sabullah 
et al., 2015). According to El-Moselhy et 
al. (2014), metal bioaccumulation by fish 
is subsequently accumulated in specific 

organs and later distributed to different 
organs such as the liver, kidney, gills, heart, 
bone, brain and digestive tract. Although 
copper is an essential micronutrient for 
fish and other aquatic organisms, it may 
also become the most toxic to them when 
it becomes accumulated in their organs. 
The most toxic form of copper is the cupric 
ion (Cu2+). Fish and crustaceans have been 
discovered to be 10 to 100 times more 
sensitive to the toxicity of copper than 
mammals (Solomon, 2009). 

The effects of copper on aquatic 
organisms can be directly or indirectly 
lethal. Considering the fact that the gills 
of a fish are the organ that is directly in 
contact with water, they are the first organ 
to respond to environmental pollution 
and also the first to be affected by copper. 
Copper may affect the cardiovascular and 
nervous system of the fish once it becomes 
accumulated in the gills since it has the 
ability to regulate the transport of salt 
(NaCl) into and out of the fish. Besides 
disturbing the balance of salt in fish, copper 
can also reduce sperm and egg production 
in many fish species including fathead 
minnows (Solomon, 2009). On top of that, 
it can affect the glucose metabolism and 
cellular structure of fish as reported in the 
study by Sabullah et al. (2014, 2015).

Bioaccumulation of Copper in Fish 
Tissue

Heavy metals are known to be easily 
bioaccumulated in fish tissue as fish is a 
good bioaccumulator (Sabullah et al., 2015). 
Studies conducted on the bioaccumulation 
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of heavy metals in living organisms are 
related to the biomagnification process, 
which describes the pathway of toxicants 
from one trophic level to another. Ashraf 
et al. (2012) and El-Moselhy et al. (2014) 
stated that the accumulation of metals in 
fish depends on several factors such as the 
trophic level, location, feeding behaviour, 
size, age, duration of exposure to metals 
and concentration of metals. Various 
metals are accumulated in the body of 
fish in different amounts because different 
metals have different affinity to fish tissue, 
different uptake and different deposition 
and excretion rates as recorded in Table 1. 
Most fish are found at the top of the aquatic 
food chain and can potentially accumulate a 
high metal content even in mildly polluted 
conditions. According to Jezierska and 
Witeska (2006), the concentration of metal 
accumulated in the body of fish is usually 
related inversely to the size and age of the 
fish. The smallest and the youngest fish are 
commonly enriched by the accumulated 
substances compared to larger fish. This is 
because different species and size of fish 
contribute to different sensitivity levels 
toward contaminants. Therefore, metal 
concentration in fish could be used as an 
index to estimate the level of pollution 
especially in aquatic bodies (Akan et al., 
2012).

Studies on the bioaccumulation of 
pollutants by fish are based on these two 
important reasons. The first reason is to 
determine the pollutant concentration 
in fish; this reflects the degree of the 
environmental pollution, the tolerance 

limit of the fish species and the effects 
of the pollutant on the fish. The second 
reason is to assess the spatial, temporal, 
speciation trends and transfer processes 
in the fish species along their food chain 
(Czedli et al., 2014). However, the first 
reason was seen to be more important 
as studies in this field have extended to 
environmental biomonitoring. Currently, 
studies predicting toxic effects based on the 
environment or tissue have been difficult 
to conduct, whereas many research studies 
examine the relationship between metal 
exposure, accumulation and toxicity under 
laboratory conditions (Annabi et al., 2013; 
Vijver et al., 2004). 

According to the literature, metals 
that accumulate in fish including copper  
originate directly from food, water and 
contaminant residue, and their level of 
accumulation may reach the concentration 
of hundreds to thousands of times above 
the concentration measured in the food, 
water and sediments (El-Moselhy et al., 
2014; Kumar & Prabhahar, 2012). One of 
the important functions of copper is its use 
as an algaecide (Ajani & Akpoilih, 2010; 
Carvalho & Fernandes, 2006), which is 
globally used to kill algae and to prevent 
fish from being killed or harmed. However, 
this application is not safe for all aquatic 
organisms, especially fish as it can easily 
enter the fish’s body regardless of its 
amount. It is worth noting that several 
authors have demonstrated that animal 
tissue contaminated in the laboratory can 
accumulate heavy metals in a concentration 
and contamination period dependent 
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manner (Annabi et al., 2013; Francis et al., 
1984). According to Jezierska and Witeska 
(2006), environmental factors strongly 
affect the accumulation of heavy metals in 
fish because labile metal compounds are 
the most dangerous to fish. Labile metal 
compounds have been categorised as a 
soluble form of heavy metals in water that 
contributes the most danger to fish. They 
include various ionic forms with different 
availability to fish. It has been confirmed 
by a lot of data from previous research such 
as studies on the accumulation of various 
heavy metals in fish organs by Ghosh and 
Adhikari (2006), Mohammadnabizadeh et 
al. (2014) and Velma et al. (2009) that most 
of the heavy metals in water are in labile 
form.

Copper contamination may be 
accumulated in fish as they are exposed to 
copper at high concentrations. Copper is 
commonly consumed by fish for metabolism 
functions; however, it becomes toxic if the 
fish are exposed to a higher concentration 
for a longer period. The gills are the first 
organ to accumulate heavy metals at a level 
higher than the concentration deemed toxic 
through absorption along the gill surface 
and gut tract wall (Annabi et al., 2013). 
The accumulated copper is then distributed 
and bioaccumulated in the main organs 
and bodily systems of the fish including 
the liver, spleen and kidney through the 
blood. Copper has been reported to become 
accumulated in the gills of Cyprinus 
carpio in the presence of kaolin particles 
(Tao et al., 2002). Tao et al. (2002) also 
stated that the adsorption affinity constant 

of kaolin for copper at various pH levels 
has affected the accumulation process 
in the gill microenvironment due to 
mucus competition from the copper and 
the slight increase in water pH. The pH 
level and mucus binding in the fish gill 
microenvironment are the most important 
factors behind the changes in copper 
speciation. Furthermore, Çoǧun and Kargın 
(2004) have stated that the accumulation of 
copper in Oreochromis niloticus is affected 
by pH. It was identified that temperature 
may also affect the accumulation of copper 
and other heavy metals. This statement is in 
agreement with that published by Carvalho 
and Fernandes (2006), who mentioned 
that the changes in the blood parameter 
of Prochilodus scrofa showed a complex 
response at high temperature.

In a previous study conducted by 
Karayakar et al. (2010), it was observed 
that copper was accumulated more in the 
liver of Anguilla compared to the gills and 
muscles. A similar observation was also 
obtained by Rajkowska and Protasowicki 
(2013), who presented that copper was 
mostly accumulated in the fish liver 
compared to other organs (kidney, digestive 
tract, skin, spleen, gills and muscles). In 
addition, the result obtained from the study 
of Al-Yousuf et al. (2000) displayed the 
same observation in copper accumulation. 
Meanwhile, Das and Gupta (2013) stated 
in their study that the liver recorded the 
highest concentration of copper followed 
by the gills, kidney, flesh, bones and 
brain. Hence, based on the data in all these 
previous studies, it can be concluded that 
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the liver is the most responsive organ to 
copper accumulation. This is due to the  
fact that the metabolism of copper is  
chiefly controlled by the liver, and that this 

organ does not only accumulate copper 
from a medium, but also plays an important 
role in copper homeostasis (Das & Gupta, 
2013).

Table 1
The concentration of heavy metal accumulated in different species of fish from different locations

Organs Fish Species
Level of Accumulation (µg/g)

Locations References
Cu Zn Pb Cd

Muscle

Plotosus canius 5.33 2.14 1.28 1.07

Juru River, 
Penang

Idriss & Ahmad 
(2015)

Valamugil cunnesius 6.40 1.45 1.83 1.07

Oreochromis niloticus 7.76 1.93 0.98 0.80

Anadara granosa 2.10 1.00 0.47 0.46

Sillago chodropus 8.26 1.18 2.13 0.64

Psammoperca 
weigiensis 2.98 2.55 0.58 0.80

Cynoglosus bilineatus 3.51 1.11 0.58 0.53

Megalops cyprinoides 8.83 1.39 1.6 3.2

Lobotes surinamensis 6.40 3.89 0.67 1.60

Gut Scylla serrata 57.06 496.31 2.27 0.13 Penor River, 
Pahang

Kamaruzzaman 
et al. (2012)

Liver Channa striatus 5.80 4.70 0.031 - Pahang, River Jalal et al. 
(2014)

Liver

Epinephelus sp. 9.60±2.33 59.89±10.02 3.08±0.12 0.86±0.15

Red Sea, Egypt El-Moselhy 
et al. (2014)

Caranx sp. 2.93±0.18 27.30±1.51 0.48±0.11 8.37±0.32

Scarus gibbus 0.76±0.13 1.76±0.33 0.14±0.15 0.03±0.02

Synodus sp. 4.56±1.22 29.31±2.99 1.00±0.11 0.34±0.24

Carangoisdes bajad 3.09±0.61 27.49±0.56 1.64±0.15 0.78±0.04

Gill
Tilapia zilli 2.98 7.15 1.00 0.315

River Benue 
North-Central 

Nigeria

Eneji, et al. 
(2011)

Clarias gariepinus 2.07 7.05 0.678 0.325

Intestine
Tilapia zilli 5.36 5.66 1.4 0.337

Clarias gariepinus 2.26 6.86 0.678 0.333

Kidney
Labeo rohita 0.20–1.02 0.91–1.12 0.53–1.07 0.21–0.64

Upper Lake of 
Bhopal, India

Malik et al. 
(2010)Ctenopharyngodon 

idella 0.28 – 1.53 0.92–2.7 0.8–1.31 0.11–0.54

Liver Carassius gibelio 20.5 27.4 3.1 1.06
Anzali, Iran Ebrahimpour 

et al. (2011)Esox lucius 22.8 46.5 5.4 1.96
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Histopathological Evaluation

Histopathology is the microscopic 
evaluation of altered morphology 
expressing a disease process in an organism, 
and it is used to display the disease patterns 
in a population of fish (Osman et al., 
2010). According to Liebel et al. (2013), 
histopathological events can be considered 
efficient as they can quickly detect water 
pollution and express the health condition of 
exposed tissue. Therefore, they are suitable 
to be used as a biomarker as they give an 
early response or measurable biological 
event due to exposure to pollutants (Liebel 
et al., 2013; Miranda et al., 2008; Ribeiro 
et al., 2005). Other than that, the main 
objective of a histopathological study is 
to observe cellular changes that occur in 
the target organs of fish. This is because 
a histopathology study involves cellular 
biomarkers, which can provide a better 
indication of the health of an organism and 
has also been proven to be a cost-effective 
tool for determining the health of fish 
population and reflecting the health of the 
entire aquatic ecosystem (Devi & Mishra, 
2013).  

Fish are relatively sensitive to the 
changes that occur in their surroundings, 
including an increase in pollution. The 
health of fish may thus reflect and display 
the health status of a specific aquatic 
ecosystem. Early toxic effects of pollution 
are only evident at the cellular or tissue 
level before significant changes can be 
identified in the physical appearance and 
behaviour of the fish. On the other hand, 
histopathological analysis appears to 

be a very sensitive parameter crucial in 
determining the cellular changes occurring 
in the target organs such as the gills, liver, 
kidney, brain spleen, gonads and muscles 
(Al-Balawi et al., 2013; Gaber et al., 2014; 
Hadi & Ahwan, 2012; Sabullah et al., 
2015). Various studies have been conducted 
using the histopathology of fish organs 
as a biomarker to indicate water quality. 
For instance, a study on histopathological 
effects of the acute toxicity level of copper 
sulphate on Puntius conchonius revealed 
that metallic salts are capable of producing 
severe damage in the gills and necrotic 
changes in the liver and kidney (Pant et 
al., 1980). A study done by Khabbazi et al. 
(2015) also stated that copper absorption 
may result in some alterations on the 
gills of rainbow trout seen as epithelial 
hyperthrophy, hyperplasia, lamella fusion, 
lamella aneurysm and edema. The gills are 
the first organ to come into contact with 
waterborne pollutants due to its stable 
contact with the external environment. 
Heavy metals accumulated in the gills will 
affect the respiration and osmoregulation 
processes, causing cellular damage to gill 
cells (Maharajan et al., 2016; Pandey et al., 
2008). A study by Figueiredo-Fernandes et 
al. (2007) on Oreochromis niloticus treated 
with copper showed similar abnormalities 
in the gill tissues including epithelium 
lifting, interstitial edema, lamellae fusion 
and lamellae aneurysm. Aneurysm and 
edema were observed to be clearly related 
to short-term copper exposure, while 
lamellae fusion was related to chronic 
exposure of copper (Khabbazi et al., 2015). 
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Different organs may show different 
cellular changes due to the different level 
of copper accumulation they may be prone 
to. The liver is one of the most important 
organs due to its location, function and 
blood supply, and is associated with the 
detoxification and biotransformation 
process (Van der Oost, Beyer, & 
Vermeulen, 2003). It is also one of the 
organs most affected by toxicants in the 
water (Maharajan et al., 2016). At the 
initial toxicity level, the morphology of 
parenchyma cells was seen to demonstrate 
some histopathological alterations such 
as cytoplasmic vacuolation, dilation and 
congestion of sinusoid that depend on the 
concentration of toxicants and time of 
exposure (Sabullah et al., 2014; Younis 
et al., 2013). The normal ultrastructure 
visualisation of parenchyma cells with 
untreated toxicants showed the normal 
polygonal shape with the normal form of 
nuclear envelope, endoplasmic reticulum 
and spherical shape of mitochondria and 
cytoplasm. However, treated parenchyma 
cells usually display the karyorhexis, 
karyolysis and pyknosis of nucleus with 
clumping of nuclear chromatin, ruptured 
plasma membrane, apoptosis, blebbing, 
cell budding formation, necrosis and 
lipidosis (Abdel-Moneim & Abdel-
Mohsen, 2010; El-Sayyad et al., 2010; 
Figueiredo-Fernandes et al., 2007; Sabullah 
et al., 2014). Liver alteration of Anabas 
testudineus has displayed the results of 
necrosis, vascular haemorrhage, dilated 
sinusoids and vacuolar degeneration after 
being treated with copper (Nandan & 

Kumar, 2014). A similar observation of 
copper-induced histopathological changes 
in the liver of Nile tilapia (Oreochromis 
niloticus) was also reported by Abdel-
Tawwab (2016). In addition, a study 
carried out by Udotong and John (2015) 
also showed similar alterations in the 
liver by displaying diffuse hepatocyte 
necrosis. General necrosis, also known 
as degenerative alterations, was given the 
highest importance factor because it was 
considered a direct effect of toxicants. It is 
generally irreversible, and its persistence 
or progression may lead to a partial or total 
loss of organ function (Agamy, 2012). All 
these alterations may attribute to the direct 
toxic effect of pollutants on hepatocytes, 
since the liver is the detoxification site for 
all types of toxin and chemical (Fatma, 
2009).

Just like the gills and the liver, muscle 
tissue also comes in close contact with 
toxicants dissolved in water. Hence, the 
reactions in histopathology of the muscle 
are spontaneous. In a study done by 
Maharajan et al. (2016), the muscle showed 
progressive damage in its structure such 
as thickening and separation of muscle 
bundles with severe intracellular edema. 
Similar abnormalities were also displayed 
in the study by Das and Mukherjee (2000), 
where the separation of muscle bundles 
was considered an interesting observation; 
it was believed that  copper may induce 
hyperactivity and excitability in animals, 
leading to the release of lactic acid and 
subsequently, muscular fatigue. Another 
observation by Al-Tamimi et al. (2015) 
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of the muscle tissue of Cyprinus carpio 
recorded hyalinisation, necrosis with mild 
inflammatory cells infiltration and focal 
degeneration as abnormalities. However, 
different toxicants may also give similar 
alterations, as mentioned by Fatma 
(2009), who found that the degeneration 
of muscle bundles with aggregation of 

inflammatory cells between them and the 
focal area of necrosis as well as vacuolar 
degeneration in muscle bundles and 
atrophy of muscle bundles occurred as fish 
were exposed to toxicants. The summary 
of the histopathological alterations of fish 
affected by copper is shown in Table 2.

Table 2
The histopathological alteration of different fish species affected by copper

Organs Fish Species [Cu ]
(mg/L)

Exposure 
Period Histopathological Alteration References

Liver

Cyprinus carpio 1.2
3 weeks

Degenerative and necrosis of hepatocyte cells
Mild inflammatory cell infiltration
Cholesterol inside the cell

Al-Tamimi 
et al. (2015)
(Figure 5)6 weeks Formation of apoptotic cells

Oreochromis 
niloticus 2.5 21 days

Vacuolation
Necrosis
Pyknotic nucleus

Figueiredo-
Fernandes 
et al. (2007)
(Figure 4)

Lates calcarifer

6.83

7 days Cytoplasmic degeneration

Maharajan 
et al. (2016)

28 days Hydropic swelling of hepatocytes
Damaged epithelium

13.66

7 days

Cytoplasmic vacuolation
Hydropic swelling of hepatocytes
Blood congestion
Nuclear pyknosis

28 days

Accumulation of dark granules
Blood sinus
Nuclear degeneration
Cellular necrosis

Gill Ctenopharyngodan 
idella

2.5

24 hours Lamellae epithelium lifting
Exude of RBC

Atabati et al. 
(2015)

48 hours
Lamellae axis vasodilation
Epithelium interstitial edema
Proliferation of filamentary epithelium

96 hours Fusion of adjacent lamellae

5.0

24 hours Necrosis

48 hours Necrosis

96 hours Necrosis
Epithelium lifting

Cyprinus carpio
1.2

3 weeks Atrophy
Congestion of gills short of villi

Al-Tamimi 
et al. (2015)
(Figure 2)6 weeks Shortness of villi
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Table 2 (continue)

Organs Fish Species [Cu ]
(mg/L)

Exposure 
Period Histopathological Alteration References

Catla 10.0 96 hours Hyperplasia
Oedema

Bose et al. 
(2013)

Oreochromis 
niloticus 2.5 21 days

Epithelium lifting
Lamellae axis vasodilation
Epithelium interstitial edema
Profileration of filament epithelium
Fusion of lamellae
Vascular congestion
Lamellae aneurysm

Figueiredo-
Fernandes 
et al. (2007)
(Figure 3)

Oncorhynchus 
mykiss 0.15 7 days

Epithelial hyperthrophy
Hyperplasia
Lamellae fusion
Swollen of mucocytes
Lamellae aneurysm
Oedema

Khabbazi 
et al. (2015)

Muscle

Lates calcarifer

6.83

7 days Gap formation in myofibril
Inter myofibril space

Maharajan 
et al. (2016)
(Figure 7)

28 days
Inter myofibril space
Muscle oedeme
Disintegrated myofibrils

13.66

7 days Disintegrated myofibrils
Oedema between muscle fibre

28 days
Muscle degeneration
Inter myofibril space
Disintegrated myofibril

Cyprinus carpio 1.2
3 weeks

Mild hyalinisation of skeletal muscle fibres
Loss of interstitial fibres in between the 
muscle fibre
Focal degeneration
Necrosis

Al-Tamimi 
et al. (2015)
(Figure 6)

6 weeks Normal structure of muscle fibre tissue
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 (a) (b) (c)

Figure 2. Histological changes of gills in Cyprinus carpio during three-week period (a) Normal; (b) At a 
concentration of 0.5 mg Cu/L; (c) At a concentration of 0.9 mg Cu/L. (a) It is clear that there were no abnormal 
changes in the control sample; (b) At a concentration of 0.5 mg/L during three-week period showing presence 
of congestion (c) with short villi (SV); (c) At a concentration of 0.9 mg/L during three-week period showing 
short villi (SV). H&E; 400x. (Source: Al-Tamimi et al., 2015)

 (a) (b)

 (c) (d) (e)

Figure 3. Representative light micrographs of gills in control and copper-treated (B-E, 2.5 mg-l CuSO4, 
21 days) tilapia, Oreochromis niloticus. (a) Control fish, showing normal appearance of gill filaments (f) 
and lamellae (L). (b) Gills from exposed fish showing an intense lamellar epithelium lifting (Lf). Note the 
epithelium proliferation in the above filament (FP). (c) Section of gills with lamellar axis vasodilation (v) and 
evident epithelium interstitial edema (**) in the filament near the lamellar axis. (d) Proliferation of filamentar 
epithelium (Fp) with fusion of adjacent lamellae (Lfu). (e) Gill epithelium of treated fish showing vascular 
congestion or lamellar aneurisms (a). cc=chloride cell, cvs=central venous sinus, fe=filament epithelium, 
pc=pillar cell, pv=pavement cell. HE, bars=20μm (Source: Figueiredo-Fernandes et al., 2007)
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 (a) (b) (c)

Figure 4. Photomicrographs of Nile tilapia Oreochromis niloticus liver tissue. (a) Control group showing 
hepatocytes (he) and pancreatic area (pa) that corresponds to the acini of exocrine pancreas; (b) Liver of fish 
exposed to copper (1 mgL-1), showing alterations in hepatocytes and vacuolation (black arrows); bv, blood 
vessel; (c) Liver of fish exposed to copper (2.5 mgL-1), showing vacuolation (black arrows) and necroses area 
(*) and picnotic nucleus (black arrow). HE, bars=50μm (Source: Figueiredo-Fernandes et al., 2007)

 (a) (b)

 (c) (d)

Figure 5. Histological changes of liver in Cyprinus carpio during three-week period (a) normal (b) At a 
concentration of 0.5 mg Cu/L; (c) At a concentration of 0.9 mg Cu/L; (d) At a concentration of 1.2 mg Cu/L.
(a) Control liver showing normal histology of hepatocytes (H) with central vein (CV); (b) At a concentration of 
0.5 mg/L during three-week period showing presence of necrosis (N) with mild inflammatory cell infiltration 
(ICI) and accumulation of cholesterol (AC) inside the cell; (c&d) At a concentration of 0.9 mg/L and 1.2 mg/L 
during three-week period showing necrosis (N) with mild inflammatory cell infiltration (ICI) H&E; 200x 
(Source: Al-Tamimi et al., 2015)
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 (a) (b)

 (c) (d)

 (e) (f)
Figure 6. Histological changes of muscles during three-week period (a) normal (b) At a concentration of 
0.5 mg Cu/L; (c) At a concentration of 0.9 mg Cu/L; (D) At a concentration of 1.2 mg Cu/L; (e&f) At a 
concentration of 0.5, 0.9 and 1.2 mg/L during six-week period. (a) Section of muscles showing normal muscle 
fibre (MF) with structure; (b) At a concentration of 0.5 mg/L during three-week period showing presence of 
hyalinisation (H) and necrosis (N) with mild inflammatory cell infiltration (ICI); (c) At a concentration of 
0.9 mg/L during three-week period showing necrosis (N); (d) At a concentration of 1.2 mg/L during three-
week period showing presence of hyalinisation (H), focal degeneration (FD) and necrosis (N). (e&f) At 
the concentration of 0.5, 0.9 and 1.2 mg/L during six-week period showing normal structure appearance of 
muscle fibre tissue H&E; 200x. (Source: Al-Tamimi et al., 2015)
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 (a) (b)

 (c) (d)

 (e) (f)
Figure 7. Histological changes of muscle in L. calcarifer. Light micrographs of a paraffin section stained with 
Hematoxylin and Eosin (40). (a) Control; (b) after 7 days of exposure to 6.83 ppm concentration of copper; 
(c) and (d) after 28 days of exposure to 6.83 ppm concentration of copper; (e) after 7 days of exposure to 
13.66 ppm concentration of copper; (f) after 28 days of exposure to 13.66 ppm concentration of copper. 
Abbreviations used: MF – myofibrils; IM – interstitial materials; GFMF – gap formation in myofibril; IMFS 
– inter myofibrillar space; DMF – disintegrated myofibrils; EMF – oedema between muscle fibres; MD – 
muscle degradation; ME – muscle oedema (Source: Maharajan et al., 2016)

CONCLUSION

This study on the accumulation of 
heavy metals reflected on the degree of 
contamination in the environment. Besides 
that, the level of copper contamination in 

fish was considerably interesting since fish 
is an important source of copper for the 
general population. Most of the copper 
content in fish is highly absorbable in the 
form of copper sulphate. Acute toxicity and 
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physiological effects on aquatic organisms 
following waterborne copper exposure can 
be altered by several parameters including 
the concentration of the copper absorbed 
and the time of exposure. Other studies 
have also proven that the application of 
histopathological alteration can be used as 
a biomarker of copper exposure.
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