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Abstract

Background: Mozambique tilapia (Tilapia mossambica) are commonly used in the assessment of aquatic environment
quality and also considered as useful bio-indicators during environmental pollution monitoring. Copper-oxide and
dibutyltin are used as antifouling underwater hall paints.
Copper nanoparticles (Cu-NPs) are serious water pollutants but their impact in fish’s performance remains poorly
understood.

Results: In the present study, we have exposed tilapia, a freshwater edible fish to two different doses (15 mg/L)
of Cu-NPs and (2mg/L) dibutyltin for 6 days. The doses selected were eco-relevant considering the contamination
levels of certain water resources. The results indicated that the activity oxidative stress enzymes reduced glutathione
(GSH), acetylcholinesterase (AChE), and glutathione-S-transferase (GST) were significantly decreased in the liver, brain,
and gills of the treated groups when compared to control.

Conclusion: Taken together, the results suggest that short-term exposure of tilapia fish to Cu-NPs and dibutyltin
causes oxidative stress and impart serious deleterious effects in the tissues which may affect fish growth and
development and causes death. In the case of the gills, liver, and brain when exposed to both concentrations of
CuO and dibutyltin (NPs), although the activity of these enzymes showed an inhibition in the liver when exposed
to both concentrations of NPs. The present study investigated that CuO-NPs are more toxic than dibutyltin.

Keywords: Copper nanoparticles, Dibutyltin, Reduced glutathione, Acetylcholinesterase, Glutathione-S-transferase,
Antifouling

Background
Antifouling paints containing tributyltin (TBT) began in
the late 1980s. Although it still may be available in some
parts of the world, antifouling paints containing TBT
were ultimately banned in 2008. Copper began to be-
come a concern in California in the 1990s. Copper has
been used in antifouling paints for centuries because it
is effective, available, and relatively inexpensive com-
pared to other biocides. It is also easy to work with and
can be used in many different formulations of antifoul-
ing paint. The most common forms of copper used
today are cuprous oxide, copper thiocyanate, and copper
flake.

In antifouling paints, copper compounds are used to
control hard fouling, such as barnacles, mussels, and
tube worms. Copper can also be effective against slime
fouling, although it needs a much higher release rate to
control slime than to control shell fouling.
The excessive contamination of aquatic ecosystems

has evoked major environmental and health concerns
worldwide (McNeil and Fredberg, 2011). The pollutants
could increase the level of metals in natural water and
seriously affect both fresh and marine habitats (El Nemr,
2012; El Nemr, Khaled, Moneer, and El Sikaily, 2012;
Muhammad, Shah, and Khan, 2011; Yu et al. 2011)
Copper (Cu) in low amounts is considered as an es-

sential micronutrient to all living organisms because it
acts as a cofactor for various enzymes responsible for
performing an essential metabolic activity. However, ex-
cessive concentrations of copper in aquatic ecosystems

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

* Correspondence: vibha.bhardwaj1612@yahoo.com
Environment Sustainability Department, Environment Protection and
Development Authority (EPDA), Government of Ras Al Khaimah 11377, UAE

The Journal of Basic
and Applied Zoology

Ghais et al. The Journal of Basic and Applied Zoology           (2019) 80:32 
https://doi.org/10.1186/s41936-019-0101-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s41936-019-0101-7&domain=pdf
http://orcid.org/0000-0002-7376-3717
http://creativecommons.org/licenses/by/4.0/
mailto:vibha.bhardwaj1612@yahoo.com


can exert adverse toxicological effects on freshwater or-
ganisms such as fish. In the last decade, several studies
reported that waterborne exposure to soluble Cu can in-
duce endocrine disruption and affect metabolic rates,
oxidation stress, cell apoptosis, immune responses,
swimming behavior, histopathology, growth parameters,
digestive enzymes, and body composition. It has been
suggested that the bioavailability of metal NPs by aquatic
pollution and subsequent accumulation in fish constitute
a substantial risk to human health and to the environ-
ment (Shaw and Handy, 2011). In this respect, it is im-
portant to study the effect of Cu-NPs using an edible
fish as the animal model.
There is a growing concern that these products and

their byproducts may discharge hazardous biochemical
particles into aquatic habitats which in turn can affect
their biota (Ghorade et al, 2014).
Dibutyltin (DBT) is closely related to our daily life and

are widely used as polyvinyl chloride (PVC) plastic stabi-
lizers, pesticides, marine antifouling coatings, and cata-
lysts in rubber, polyurethane (PU), and the biodiesel
industry (Brito et al. 2012; Harford, O’Halloran, and
Wright, 2005; Xu, Zhou, and Zhao, 1990). Unfortu-
nately, lots of studies have shown that DBTs are able to
accumulate in and even contaminate the aquatic envir-
onment as well as cultivated land and remain unchanged
for years.
Tilapia is the most common freshwater fish that is fre-

quently used in toxicological studies as a biological indi-
cator because of its high growth rate, significant
tolerance to environmental stress, ease of reproduction,
and high market demand (El-Sayed, 2006), and used to
evaluate the health of aquatic ecosystems, because pol-
lutants are building up in the food chain (Farkas, Farkas,
and Hyde, 2004). Fish are sensitive to many variables in
their environment; hence, they play a significant role in
the assessment of water quality (AlGhais, 2013). So, the
determination of metal levels in fish is tremendously im-
portant for the health of human beings (Uysal, Emre,
and Ko¨se, 2008).
Therefore, our study purposed to further investigate

the effects of copper-oxide nanoparticles (CuO-NPs) and
dibutyltin on tilapia fish to compare CuO-NPs and dibu-
tyltin bioaccumulation in the gills, liver, and brain. The
present study aims to provide a comparative study be-
tween CuO and dibutyltin (NPs) at a concentration to
declare their deleterious effects on oxidative biomarkers
of fresh water tilapia and the measurement of oxidative
stress.

Methods
Experimental fish maintenance and treatment
Experimental fish in the present study were tilapia. They
were taken from an unpolluted fish farm of EPDA

located in Ras Al Khaimah, UAE. The initial body length
and weight of fish were 10–11.5 cm and 14.4–25.8 g, re-
spectively. All tilapia were transported in plastic con-
tainers with continuous aeration to the lab. All fish (four
fish/aquarium) were maintained for 2 weeks in glass
aquaria with 50 L aerated, dechlorinated tap water.
Water temperature was maintained at 25 °C, while salin-
ity and pH were 1.12–1.002 and 8.7–7.6, respectively.
Photoperiod was 12 h light /12 h dark. During the
acclimatization period, fish were fed once daily with
commercial pellet food (20% crude protein, 4% crude
fat, 5% crude fiber, 12% crude ash, and 10% crude mois-
ture). Dead fish as well as any fish showing any unusual
performances were excluded.

Treatment with CuO and dibutyltin
After the acclimatization period (1 week), each of the
four fishes were transferred to small glass aquaria
for lethal concentration determination. Nominal con-
centrations used for CuO was 15 mg/L and for dibu-
tyltin was 2 mg/L. The exposure period was 96 h;
with the same temperature, dissolved oxygen and pH
as in the acclimatization period. The dead fish was
recorded in each concentration. A control was han-
dled identically but without exposure to CuO and
dibutyltin particles. The conditions of the experi-
ments were as those of the acclimatization period
and water was constantly (every day) checked for
pH, temperature, salinity, and dissolved oxygen. Fish
were fed once every day.

Sample collection
At the end of the treatments, the weights of whole
fish as well as of the brain, liver, and gill were mea-
sured. Tissues were dissected out and used for ana-
lysis. Samples were obtained from all fishes (control
and treated) in replicates similar procedure was
followed. Tissues were used for biochemical and pro-
tein analysis. Tissues from fishes were pooled to ob-
tain biological samples, and a total sample was used
for all experimentations.

Measurement of biomarkers
For evaluation of oxidative damage, the liver, brain, and
gills were homogenized in cold buffer (pH 7.4) per gram
tissue using a homogenizer. Then the homogenates were
centrifuged at 4000 rpm for 15 min, and the superna-
tants were stored in the refrigerator until used. Oxidative
stress was detected in the supernatant of the tissue hom-
ogenate (GST, GSH, AChE, protein).

GST assay
Jakoby, Habig, and Jakoby (1980) protocol was followed
for measuring glutathione-S-transferase (GST) activity.
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GST catalyzes the conjugation of GSH to CDNB through
the thiol group of the glutathione and making
CDNB-GSH adduct and this CDNB-GSH adduct was
used to measure GST activity.
In brief, 1% sample solutions (liver) and 5% sample so-

lutions (gills) prepared from 10% solutions prepared for
GSH assay determination, mixed with 0.1M Tris HCl
buffer (pH 7.4) using tissue homogenizer (Tissue
homogenizer, REMI RQ-127A, India), solutions kept for
incubation up to 6 h in refrigerator. Centrifuged (cold
centrifuge, Sigma, USA) at 9000 cps at 4 °C and for 20
min. 0.1 ml of supernatant was used for determination
of GST (glutathione-S-transferase) content. Add 0.3 ml
of 0.1M acetate buffer (pH 8.0) followed by addition of
2.25 ml of water, and 0.3 ml 0.02M glutathione reduced
(glutathione reduced, CAS no.:,1.01090.005, Merck,
Germany) the absorbance was measured at 340 nm after
the immediate addition of 0.05 ml 0.1 M CDNB
(1-chloro 2,4 dinitrobenzene, CAS no.: 97-00-7, Acros
Organics, India). Time reaction was monitored at 0
min,5 min,10 min, and 15min.
GST catalyzes the conjugation of GSH to CDNB

through the thiol group of the glutathione and making
CDNB-GSH adduct (Fig. 1). The enzyme activity was
calculated based on units/protein at different time reac-
tion 0 min, 5 min, 10 min, and 15min.

GSH
According to Beutler, Duron, and Kelly (1963), this reac-
tion mechanism involves oxidation of glutathione re-
duced (GSH) (glutathione, CAS no.: 1.04090.005,

Merck) by 0.01 Mole DTNB (5,5 dithio bis-2-dinitro
benzoic acid, CAS no.: 422592J, VWR, UK) to form
glutathione disulfide and yellow derivative of 5,thio
2-nitrobenzoic acid and its measured at 412 nm by
spectrophotometer.
There is amount of GSH (glutathione, CAS no.:

1.04090.005, Merck) present in the solution (5%) is
followed by oxidation with DTNB (5,5 dithio
bis-2-dinitro benzoic acid, CAS no.: 422592 J,VWR,
UK) produce Glutathione disulfide, and concentration
depends on the amount of DTNB oxidized with gluta-
thione (Fig. 2).
Ten percent sample solutions (liver, gills) were pre-

pared by using tissue homogenizer (tissue homogenizer,
REMI RQ-127A, India) mixed with 0.1M Tris HCl buf-
fer with EDTA (pH 7.4). Pipetted 0.75 ml of gills solution
(10%) and 0.5 ml of liver solution (10%) made final vol-
ume of both sample up to 1.0 ml with water. 0.25 ml of
20% v/v trichloacetic acid was added and sample were
kept for incubation in refrigerator about 45 min. 0.8 ml
of water was added after incubation and was centrifuged
at 2000 rpm for 20 min at room temperature. In the
supernatant, 0.3 ml of 2M tris base and 0.1 ml of 0.01M
DTNB (5,5 dithio bis 2-dinitrobenzoic acid, CAS no.:
422592J, VWR, UK) were added. Absorbance measured
at 412 nm after 10 min by spectrophotometer (UV spec-
trophotometer, GENWAY 7315, UK).

AChE
There is a rate of production of thiocholine (acetyl-
choline iodide, CAS no.: 1866-15-5,VWR, UK), and

+  -SR         =RerehW

Fig. 2 GSH oxidation with DTNB to produce glutathione disulfide

Fig. 1 GST catalyzes the conjugation of GSH to CDNB through the thiol group of the glutathione and making CDNB-GSH adduct
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this is measured by continuous reaction of hydrolysis
of thiocholine with DTNB (0.01 M) (5,5 dithio
bis-2-dinitro benzoic acid, CAS no.: 422592J, VWR,
UK) to produce yellow color compound 5-thio-2-
nitrobenzene ion. The rate of color production of
the reaction is measured at 412 nm by spectropho-
tometry (Fig. 3).
1% sample solutions (liver, gills) was prepared from

10% solutions of GSH Assay determination, mixed with
0.1M Tris HCl buffer (pH 7.4), and 1% brain sample so-
lutions was prepared from 5% brain stock solution by
using tissue homogenizer (tissue homogenizer, REMI
RQ-127A, India) mixed with 0.1M Tris HCl buffer with
EDTA (pH 7.4), centrifuged (cold centrifuge, Sigma,
USA) at 9000 cps at 4 °C and for 20 min. 0.1 ml of super-
natant was used for determination of acetylcholine ester-
ase (ACHe) content. 0.3 ml of 0.1M Tris HCl buffer
(pH 8.0) was added, followed by the addition of 2.4 ml of
water, and the absorbance was measured at 412 nm after
the immediate addition of 0.01M DTNB (5,5 dithio bis
2-dinitro benzoic acid, CAS no.: 422592J, VWR, UK)
time reaction was monitored at 0 min, 5 min,10 min, and
15min.

Protein estimation
Protein was estimated by the method of Lowry, Roseb-
rough, Farr, and Randall, 1951. The liver, brain, and gill
samples of fish muscle was taken out, washed with
ice-cold normal saline, dried and weighed (Bhardwaj and
Garg, 2014: Al Ghais and Bhardwaj, 2018).
Muscle homogenate (5% w/v) was prepared in ice-cold

distilled water with the help of homogenizer. 0.2 ml of
tissue homogenate was mixed with 1.3 ml of distilled
water and 0.5 ml of 20% trichloroacetic acid to precipi-
tates proteins. The tubes were allowed to stand at 4 °C
for 30 min and centrifuge at 2500 rpm to sediments pro-
tein precipitates.
The sediments were dissolved in 0.1 N sodium hydrox-

ide solution. A suitable aliquot of protein solution thus
obtained was taken out in another tube and made up to
0.5 ml with reagent A. Then, 2.5 ml of reagent C was
added and shaken. After 10 min, 0.25 ml of Folin and
Ciocalteus Phenol reagent was added. After 30 min, the

blue-colored solution was appeared and measured at
660 nm by a spectrophotometer.

Statistical analysis
Data are expressed as mean. Pairwise comparisons were
performed. Experimental error was determined for tripli-
cate assays and expressed as standard deviation (SD).

Results
Effect of Cu-NPs and dibutyltin on fish and tissue weight
At the end of the experiment, the weight of the whole
fish and tissues (liver, gills, brain) were noted for each
group (Table 1) and changes in relation to control were
found. However, the treated group showed a more pro-
nounced effect and a significant increase of tissue (liver,
gills, brain) and body weight were observed when com-
pared to the control (Fig 4).

Effect of CuO-NPs and dibutyltin on enzymes (GSH, AChE,
GST) and protein
The levels of various enzymes were analyzed in the liver,
brain, and gills of control and treated groups and expos-
ure to Cu-NPs was found to modify the enzyme per-
formance more.

Table 1 Effect of CuO-NPs and dibutyltin on the body and
tissue (liver, brain, and gills) weight of control and treated
groups of tilapia fish

Sr. no. Fish
sample

Weight of
fish (g)

Weight of tissue (g)

Liver Gills Brain

1 CF1 14.4 0.2332 0.318 0.0676

2 CF2 19.8 0.403 0.3874 0.087

3 CF3 25.8 0.7472 0.5774 0.0691

4 TCF1 64 0.7345 0.8231 0.0838

5 TCF2 19.1 0.368 0.283 0.0198

6 TCF3 62 0.2743 1.0497 0.11

7 TBF1 13.2 0.2234 0.3333 0.0455

8 TBF2 20.2 0.776 0.494 0.0765

9 TBF3 34 1.0128 0.6031 0.0711

10 TBF4 63 1.4175 1.1477 0.14

=RerehW
Fig. 3 Hydrolysis of thiocholine with DTNB to produce 5-thio-2-nitrobenzene ion
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GSH
For GSH, Cu-NPs effected more gills than in dibutyltin
as compared to control. The level of toxicity of Cu was
more in case of gills (Fig. 5). In the case of Cu-treated
liver, the GSH reduced to half the original concentration
as compared to control.

AChE
For AChE, the brain was the most affected in case of
Cu-treated than dibutyltin compared to control but in
case of the liver the Cu-treated showed 50% reduction as
compared to control. In the case of gills, toxicity with
dibutyltin was more than Cu-NPs as compared to con-
trol (Fig. 6).

GST assay
For GST, the toxicity with Cu-NPs was more in case of
liver and gills than in dibutyltin as compared to control
(Fig. 7).

Protein
The amount of protein was reduced to 99% in the case
of gills treated with Cu-NPs. But in case of brain and
liver, fish treated with Cu-NPs and dibutyltin showed
50% reduction (Fig. 8).

Discussion
Oxidative stress is a state of abundance of reactive oxy-
gen species (ROS), which interferes with biological pro-
cesses by disturbing or damaging homeostasis. In this
study, the activity of oxidative stress enzyme AChE,
GSH, and GST indicates the alteration of normal
homeostasis. Cu-NPs are causative molecules for gener-
ating oxidative stress and responsible for cell death
(Fahmy and Cormier, 2009). In addition, Cu-NPs disturb
the normal mitochondrial homeostasis, which further
causes oxidative stress to the cell (Federici, Shaw, and
Handy, 2007). In fish, the gills are the first line of
defense for any pollutant by secreting mucous (Handy
and Maunder, 2009). Subsequently, gills respond
through the generation of edema with the lifting of
gill lamellar epithelium by binding to Naþ/Kþ-ATPase
and inhibiting toxin entry (Stagg and Shuttleworth,
1982). Cu is a well-known inhibitor of gill respiration
and ionoregulation (Grosell, Blanchard, Brix, and
Gerdes, 2007; Handy, 2003).
The present study also analyzed the liver as a central

compartment for Cu metabolism (Grosell, Boetius,
Hansen, and Rosenkilde, 1996; Handy, Sims, Giles,
Campbell, and Musonda, 1999; Kamunde, Grosell,
Higgs, and Wood, 2002). Previous reports documented

Fig. 5 Average GSH content in tilapia in liver and gills in control, Cu-treated and dibutyltin-treated. Data were expressed as mean and
with standard deviation error

Fig. 4 a Control tilapia. b The effect of Copper nanoparticles and dibutyltin on tilapia fish
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that fish exposed to Cu-NPs displayed blood accumula-
tion and increase in sinusoid space, which is an indica-
tion of liver damage (Arellano, Storch, and Sarasquete,
1999; Shaw and Handy, 2011.
GSH plays an important role in non-enzymatic

antioxidant system, since it acts as a reductant in
conjugation with xenobiotics (Kanak, Dogan, Eroglu,
Atli, and Canli, 2014). In the present study, GSH
contents in the liver and gill tissues of tilapia ex-
posed to CuO-NPs showed a significant decrease, ex-
cept those exposed to dibutyltin in the case of gill
tissues, when compared with the control groups after
4 days. These results are similar to Xiong, Fang, Yu,
Sima, and Zhu (2011), who stated that ZnO NPs and
a bulk ZnO suspension caused a decrease in GSH
content in the liver tissue of zebrafish compared to
controls.
Results indicated that, CuO (NPs) have a more toxic

effect than dibutyltin in the liver and gill tissues in most
oxidative stress parameters. Therefore, CuO potential

toxicity should not be ignored (Blinova, Ivask, Heinlaan,
Mortimer, and Kahru, 2010; Buffet et al. 2011; Saison et
al. 2010). Also, the results indicate the difference in ef-
fects between the selected concentrations of CuO-NPs
and dibutyltin and these may be due to the aggregation
of particles in water.

Conclusion
Exposure of tilapia fish to CuO-NPs and dibutyltin
increased the activity of oxidative stress enzymes
that might lead to the excessive production of free
radicals and disturbance of internal homeostasis in-
dicating that this compound has a profound adverse
effect on fish health. Based on our analysis, we sug-
gest that short-term exposure of Cu-NPs and dibu-
tyltin even at a low dose can cause oxidative stress,
and this may lead to developmental disarray in the
tilapia. Cu-NPs could cause more toxic effects than
dibutyltin as antifouling agent. Also, this study is
helpful to understand and make comparisons

Fig. 7 Average GST content in tilapia in the liver and gills in control, Cu-treated, and dibutyltin-treated. Data were expressed as mean and error
bars indicate SD

Fig. 6 Average AChE content in tilapia in the liver and gills in control, Cu-treated, and dibutyltin-treated. Data were expressed as mean and error
bars indicate SD
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between Cu-NPs and dibutyltin toxicity to aquatic
organisms but those in the laboratory, so further
studies are required to assess the current environ-
mental burden of NPs in aquatic ecosystems to de-
termine, monitor, and/or regulate the use and release
of Cu-NPs.
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