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This study evaluated the effects of NiO-NPs on oxidative stress and hematological parameters in tilapia. 
Fish were exposed to different NiO-NPs concentrations (0.5, 1.0, and 1.5 mg/L) for 14 days. The 
experiment involved collecting blood samples and various organs such as the gills, liver, kidney, and 
muscles of fish to evaluate activity of superoxide dismutase (SOD) and catalase (CAT). The results of 
the study showed that SOD activity increased in the gills, liver, kidney, and muscles of fish at 0.5 mg/L 
and 1.0 mg/L of NiO-NPs concentration. However, SOD activity decreased after exposure to 1.5 mg/L 
NiO-NPs, compared to the control group. In gills and muscles, CAT activity significantly increased at 0.5 
mg/L and 1.0 mg/L NiO-NPs concentrations, while its activity decreased at 1.5 mg/L NiO-NPs, but no 
significant (P<0.05) variation trend was observed in the liver and kidneys compared to the control group. 
Exposure to NiO-NPs also had an adverse effect on hematological parameters such as red blood cells 
(RBCs), white blood cells (WBCs), and hemoglobin (Hb) of fish. These findings suggest that NiO-NPs 
can negatively impact fish and aquatic ecosystems.

Nickel oxide nanoparticles (NiO-NPs) have drawn 
attention because of their many applications in 

different sectors such as battery electrodes, paints, 
catalysts and petroleum products (Salimi et al., 2007). 
Unplanned discharge of nickel oxide nanoparticles through 
commercial and domestic wastes participates in their 
leakage into the aquatic environment persuading biological 
and physical responses in fish (Federici and Handy, 2007).

Fish plays a significant role in aquatic ecosystems, 
serving as a primary pathway for the uptake and 
bioaccumulation of nanoparticles. Nanoparticles can 
accumulate in the body as macrophages and hepatocytes; 
therefore, they are picked by the organisms such as 
molluscs, fish and crustaceans (Ward and Kach, 2009). Fish 
usually acquire these nanoparticles through their gills, skin, 
and gastric absorption, which are then transported through 
the bloodstream to other organs like the liver, kidney, and
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muscle (Handy et al., 2008). Hematological parameters 
can be used as a good indicator to assess the health status 
and alterations in fish physiology (Burgos-Aceves et al., 
2019). Exposure to sub-lethal concentrations of nickel 
oxide nanoparticles causes changes in blood parameters 
such as red blood cell (RBC) counts, white blood cell 
(WBC), serum biochemistry, and hemoglobin level in fish. 
Several factors such as fish age, breeding season, dose and 
duration of exposure have a strong effect on alterations 
in hematological parameters of fish (Chandrasekara and 
Pathiratne, 2005)

Destruction of the liver can be studied by evaluating 
the activities of some enzymes as these enzymes are 
manufactured by the liver and can be discharged into 
the bloodstream during stress conditions. The generation 
of reactive oxygen species (ROS) brought by nickel 
nanoparticles is directly linked with cellular damage due to 
mutations in DNA, amino acids and membranes (Leonard 
et al., 2004). Among numerous antioxidant responses, 
catalase (CAT) and superoxide dismutase (SOD) act as 
good representative of stress conditions and can be used in 
determining NiO-NPs toxicity in fish. 

In the present study, tilapia has been used as the test 
organism to moderately examine the toxicity of NiO-NPs 
by analyzing different enzymological, hematological 
and biochemical parameters. Tilapia shows a greater 
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tendency towards diseases, and pressure, and serve as 
a perfect organism in toxicological studies (Kaya et al., 
2013). In the context of the increasing global demand for 
nickel oxide nanoparticles and their rising anthropogenic 
contributions, it is imperative to understand their hazards 
to fish (Giguere et al., 2006). Hence, the present study was 
aimed to evaluate the toxicity in terms of oxidative stress, 
and hematology in tilapia (Orechromis niloticus).

Materials and methods 
NiO-NPs were synthesized in Nanoresearch Lab, 

University of Agriculture, Faisalabad. Nickel chloride 
(NiCl2.6H2O) and sodium hydroxide were added to 50 
ml of de-ionized water separately to synthesize solutions. 
Then NaOH solution was added dropwise in NiCl2 
solutions by burette. After that, ammonia was added drop 
by drop for pH 10 and stirred for 2 h. After that, filtration 
mixture was washed twice with ethanol and distilled water 
and dehydrated (3 h) in an oven. The product was calcined 
(400 ℃) for 2 h. Nanoparticles were characterized by 
X-ray diffraction.

Nile tilapia, freshwater fish were collected from 
aquaculture ponds at Fisheries Research Farms, University 
of Agriculture, Faisalabad, Pakistan. Fingerlings of 
O. niloticus (length: 10 2.5cm, weight; 28±3 g) were 
chosen as test organisms after acclimation for two weeks. 
Commercial feed having 40% protein and 60% essential 
energy constituents was provided to fish twice a day.

After a period of acclimatization, the fish (n=96) were 
divided into twelve trial tanks, each containing eight fish 
including three tanks as a control group. The experimental 
design was triplicated. Stock solutions of NiO-NPs at 
different concentrations were prepared by dissolving 
nanoparticles in purified water using a sonicator (90 W, 
30 kHz) for 5 h. Fish fingerlings were exposed to various 
concentrations (0.5, 1.0, and 1.5 mg/L) of NiO-NPs for 2 
weeks in toxicity tests. The capillary system was utilized 
to provide constant airflow to the test media. Before 
exposing the fish to nanoparticles, the water was changed 
daily using a suction pump. Each tank contained 50 liters 
of water. Physico-chemical parameters were maintained 
throughout the experimental study and were as follows: 
DO concentration 7.00 ± 0.80 mg\L, pH 7.500 ± 0.0205 
temperature 28.540 ± 0.505℃ and total hardness 90.00 ± 
7.48 mg\L.

After accilimatization average activity of SOD and 
CAT were checked from fingerlings of same age and size 
and then at the end, all fishes were dissected and samples 
of organs such as kidneys, liver, gills, and muscle were 
taken out to assess the level of oxidative stress. One gram 
of each organ was homogenized separately in cold buffer 
(pH 7.4) using a homogenizer. The homogenates were then 
centrifuged at 10,000rpm for 15 min, and the resulting 

supernatants were used for determining the activity of 
SOD and CAT according to Weydert and Cullen (2010), 
with slight modifications.

Blood samples were taken from caudal vein in 
tubes containing potassium EDTA coagulant and stored 
immediately in an ice box. RBC and WBC counts were 
calculated using a light microscope with Neubauer 
haemocytometer (Mgbenka et al., 2003). Hemoglobin 
levels were determined using a hemoglobin test kit 
(DIAGNOVA, Ranbaxy, India) by employing the 
cyanmethemoglobin method.

The water quality parameters such as temperature 
and dissolved oxygen were measured and noted with the 
help of an electronic meter (HANNA HI-9146) while 
pH was measured with the help of digital meters WTW 
in laboratories. However total ammonia, hardness and 
carbon dioxide were measured by following the method 
of APHA (2005).

All experiments were conducted in three replicates. 
Analysis of variance was used to check statistical 
differences and a comparison of means was done Tukey’s/
Student Newnan-Keul tests by using Statistix 8.1 computer 
package.

 
Results and discussion

Figure 1 shows the image of the X-ray diffraction 
(XRD) design of NiO-NPs which indicated that powdered 
form of nickel oxide particles has lots of small crystals with 
indiscriminate alignment. XRD patterns display the 111, 
200, 220 and 222 diffraction peaks that demonstrate that 
all the NiO-NPs were in single phase. The peaks confirmed 
that no other impurities were present in engineered 
nanoparticles. The average size (D) was 53.44nm by the 
Debye-Scherrer formula. 

 
Fig. 1. XRD-pattern of synthesized NiO-NPs.

Figure 2 shows the effect of different concentrations 
of NiO-NPs on SOD and CAT activities in gills, liver, 
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kidney, and muscles of tilapia. Results of the present study 
showed that at the 0.5 mg/L and 1.0mg/L of NiO-NPs, 
SOD activity increased in these organs. Exposure of 1.5 
mg/L NiO-NPs exhibited a significant decreasing trend of 
SOD in these organs than that of control group. 

The CAT activity was significantly increased in gills 
and muscle over 0.5 mg/L and 1.0 mg/L NiO-NPs, but no 
significant variation was observed in liver and kidneys of 
fish at these treatments as compared to the control group. 
After exposure to 1.5 mg/L NiO-NPs, decreased CAT 
activity was observed in all organs than that of the control 
group.

 

 
Fig. 2. Effect of different treatments of NiO-NPs on 
superoxide dismutase (SOD) and catalase (CAT) activity 
(U/mL) in different organs of Oreochromis niloticus.

 
The SOD enzyme serves as the first line of protection 

against the toxic effects of oxygen and is usually 
represented as a biomarker of the synthesis of reactive 
oxygen species (Li et al., 2011). SOD enzyme is well 
known for its function of catalyzing the breakdown of 
superoxide radical to oxygen and hydrogen peroxide. 
Results indicated that lower concentrations (0.5 mg/L, 
1.0 mg/L) of NiO-NPs increased SOD activity in all 
tilapia organs, while higher concentration (1.5 mg/L) 
led to a decrease. Under higher pressure of nickel oxide 
nanoparticles reduced activity of SOD may lead to the 

generation of reactive oxygen species in selected organs 
resulting in intracellular damage (Saliu and Bawa-Allah, 
2012; Aziz et al., 2021, 2022). Jayaseelan et al. (2014) 
also found results similar to ours, reporting a significant 
decrease in SOD activity in tilapia exposed to higher 
concentrations of nickel nanoparticles. The interaction 
between nickel and the tissues causes a reduction in the 
activity of antioxidant enzymes, leading to oxidative stress. 
The CAT enzyme facilitates the conversion of hydrogen 
peroxide into water and oxygen at a rate of one per second 
(El-Gendy et al., 2010). This enzyme is highly sensitive 
to chemical stress and plays a vital role in detecting 
environmental toxicity at an early stage by serving as an 
important oxidative stress signal (Hoa and Wang, 2009). 
Our results showed that at lower concentrations (0.5 mg/L, 
1.0 mg/L) NiO-NPs significantly increased CAT activity 
in the gills and muscles of O. niloticus but CAT activity 
is not changed significantly in the liver and kidneys of the 
treated group than that of the control group. CAT activity 
was significantly decreased after 1.5 mg/L exposure of 
NiO-NPs due to the generation of a greater amount of 
ROS in all organs of O. niloticus. Our results matched with 
Palermo et al. (2015) who reported that under low stress 
of nickel (Ni), CAT activity increased initially but after 
that inhibition effects were noticed. Exposure to different 
treatments of NiO-NPs resulted in changes in SOD and 
CAT activity due to oxidative stress in fish. 

  

 
 

Fig. 3. Alterations in (A) Red blood cells (B) White blood 
cells (C) Hemoglobin of Oreochromis niloticus exposed to 
different treatments of NiO-NPs for 14 days.

Figure 3 shows the effect of different concentration of 
NiO-NPs on RBC, WBC, and haemoglobin concentration 
of O. niloticus. The experimental results revealed that the 
number of red blood cells (RBCs) decreased significantly 
in all treatment groups of NiO-NPs, compared to the 
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control group (P<0.05). The treatment group with 1.5 mg/L 
of NiO-NPs showed the lowest RBC count. Likewise, all 
treated groups of O. niloticus showed a decrease in the 
number of white blood cells (WBCs), with the least number 
of WBCs found in the group exposed to a concentration of 
0.5 mg/L. Exposure to different NiO-NPs treatments also 
affected the Hb (g/dl) content of O. niloticus compared to 
the control group (P<0.05).

The change in hemoglobin levels indicates that 
NiO NPs toxicity caused a high demand for oxygen. Our 
findings are consistent with those of Samim and Vaseem 
(2021), who reported that high concentrations of NiO NPs 
exposure caused significant changes in all hematological 
parameters of fish. The significant difference in WBC 
count may be due to the accumulation of NiO NPs in 
WBCs, leading to structural deformities and changes in 
physiology. WBCs play a crucial role in defending the 
body against diseases and infections, which makes them 
an indicator of NiO NPs toxicity in fish. 

Conclusion
Exposure to sublethal concentrations of NiO-NPs can 

disrupt the antioxidant systems and lead to oxidative stress 
in the organs of tilapia. As the dose of NiO-NPs increases, 
there can be more changes in tilapia blood, and higher 
concentrations can even lead to death.
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